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Abstract
Nosemosis is one of  the most important honey bee diseases and is caused by two 
fungal species of  the genus Nosema, i.e., Nosema apis and Nosema ceranae. Evidence 
suggests that in the coming years, Nosema ceranae, which is less sensitive to fumagillin, 
could replace Nosema apis as the predominant pathogenic Nosema. Identifying and 
developing drugs that target these microsporidia without having serious effects on host 
bee physiology is essential for controlling nosemosis, and this requires information 
about bee enzymes. Serine proteases, the major protease enzymes in insects, play an 
important role in the insect immune system. In the present study, some proteases of  
honey bees infected with N. ceranae were studied by zymography. PCR tests showed that 
all honey bee samples were infected with N. ceranae. Also, the protein pattern of  infected 
honey bee tissue extracts was determined by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Bands with molecular weights of  25, 35, 48, 63, 75, and 
100 kDa were observed. Subsequently, the serine proteases in the bees’ digestive tracts 
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ranged in molecular weight between 23-35 kDa, and the molecular weight of  cathepsins 
was 25 kDa by gelatin zymography. Investigation of  bee proteases might be useful 
for acquiring more knowledge about the interaction between host and parasite and to 
access an effective and low-risk compound for nosemosis treatment.
 Keywords: Nosemosis, Nosema ceranae, serine protease, cathepsin

INTRODUCTION

 Nosemosis, a significant disease affecting honey bees, is caused by two microsporidian 
parasites: Nosema apis and Nosema ceranae. Although recently reclassified by Tokarev 
et al. (2020) to the genus Vairimorpha, these species remain widely known by their 
original names. Notably, in recent decades, N. ceranae has become the predominant 
species in many regions worldwide, as evidenced by Higes et al. (2013).
Evidence suggests that N. apis in many bee populations will be replaced by N. ceranae 
(Milbrath et al., 2015). Regardless, Nosema is an important agent of  damage to bee 
populations. Many researchers are seeking ways to reduce the damage caused by these 
fungi (Higes et al., 2013; Nabian et al., 2011; Glavinic et al., 2022).
N. ceranae appears to be seriously endangering the health of  bees, which is characterized 
by inhibition of  immune response, destruction of  the midgut cells (stomach), and 
shortening the life span of  the bees (Glavinic et al., 2022). Despite the abundance of  
information on the prevalence, spread, and pathology of  this agent, little is known 
about the bee immunological mechanism against N. ceranae (Schüler, 2022).
Fumagillin is an antibiotic that inhibits the enzyme methionine aminopeptidase2 
(MetAP2) in eukaryotic cells and interferes with protein modifications which are 
necessary for normal cell function. N. ceranae is less sensitive to fumagillin treatment 
than N. apis (Huang et al., 2013), although this pesticide controls both species of  
Nosema. Since fumagillin is associated with a residual risk in honey, it should not be used 
during nectar flow and should be used seasonally (Huang et al., 2013). Many variables, 
such as population size, nectar flow, and other factors, can affect the concentration of  
fumagillin used in bee colonies (Huang et al., 2013). The studies reviewed (Yücel et al., 
2005; Higes et al., 2008; Williams et al., 2011; Pajuelo et al., 2011) do not support the 
claim that fumagillin harms bee colonies, as none of  the experiments showed damage 
to colonies after exposure to the drug. Also, some studies show that fumagillin prevents 
the reproduction of  microsporidian parasites and is probably useful for protecting weak 
hives. Still, this antibiotic could have unwanted effects on bees, ultimately increasing 
the prevalence and pathogenicity of  N. ceranae (Huang et al., 2013). Identification and 
development of  other drugs that target microsporidia without having serious effects 
on host physiology are necessary to control nosemosis. Therefore, more information 
about bee enzymes and body structure is needed to access an effective and low-risk 
compound for infected bees (Huang et al., 2013).
Insects typically use different types of  digestive enzymes which are secreted by their 
midgut epithelial cells to digest food and control the homeostasis of  the stomach 
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(Sharifi et al., 2012). Proteases are present in the digestive system and hemolymph of  
insects and play important roles including digestion, immune system, activation of  
phenol oxidase, and release of  amino acids that are essential for growth (Shrifi et al., 
2012). Haloi et al. (2023) found that proteolytic activity in honey bees infected with 
Nosema was reduced compared with that in healthy bees (Haloi et al., 2023).
Proteases are classified according to their catalytic mechanism, e.g., into serine 
proteases, cysteine proteases, aspartic proteases, and metalloproteases. Serine proteases 
and metalloproteases constitute a large part of  the insect body’s enzymes (Makedo and 
Freire, 2011). Serine proteases regulate several types of  immune responses, including 
blood coagulation, antimicrobial peptide synthesis, and melanization of  various 
pathogens. Performing these steps requires the presence of  serine protease in the 
insect hemolymph (Gamal et al., 2023). Cathepsins are lysosomal proteases; some of  
them, such as cathepsin A and G, belong to the family of  serine proteases and their 
major physiological role is the destruction of  intracellular proteins and of  extracellular 
proteins that enter the cell through endocytosis (Duran et al., 2023).
The innate immune system in insects consists of  different pathways activated in 
response to external factors. One of  the key elements in these responses is phenol 
oxidase, which produces indole groups that eventually polymerize into melanin. 
Phenol oxidase requires an activation and inhibitory system that includes different 
cell types, inhibitory enzymes, and signaling molecules (Cerenius and Söderhäll, 2021). 
Antunez et al. (2009) found that encapsulation is the most important defense response 
by hemocytes, which are responsible for protecting the insect’s ventricle against fungal 
infections. Components of  the prophenoloxidase system, including serine proteases, 
can stimulate the encapsulation. In this process, the invaders are compartmented into 
several cellular and capsule-like layers that have been melanized and are completely 
separate from the surrounding environment (Antunez et al., 2009). Thus, the quantity 
changes of  serine proteases in an insect’s body can affect the melanization process as 
an innate immune response. 
In the present study, some proteases of  honey bees infected with N. ceranae were 
studied by zymography. 

MATERIALS AND METHODS

Identification of Nosema spores 

The infected bees were selected from one of  the apiaries around Tehran city. Then, 25 
of  the bee digestive tracts were removed by forceps in the laboratory. These sections 
were crushed and homogenized with 1 mL of  distilled water in a Chinese mortar. 
Subsequently, the presence or absence of  bee infection with Nosema spores was 
confirmed microscopically by the preparation of  wet slides from these samples and 
the observation of  Nosema spores. To determine the intensity of  infection, the number 
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of  Nosema spores was counted in five sections of  a hemocytometer slide, and the mean 
spore number was determined and assigned as grades 1 to 3 as follows: 1 to 20 (grade 
1), 20 to 50 (grade 2), and 50 to 100 (grade 3). Extracts from the abdominal contents of  
uninfected bees without spores were considered a negative control group. For species 
specific identification of N. apis and N. ceranae, PCR was performed using the 321 
APIS, and 218 MITOC primers, and PCR products were analyzed on agarose gel. 

Sample preparation for sodium dodecyl sulfate-polyacrylamide gel  
electrophoresis (SDS-PAGE) 

To obtain pure Nosema spores from the bees, the midgut was separated from the hindgut 
and crushed in 2 mL of  sterile distilled water, then passed through a fine filter to remove 
any remaining coarse material. The filtered suspensions were centrifuged at 1500 rpm 
for 5 minutes. Then the supernatants were discarded and 1 mL of  distilled water was 
added to each pellet. Subsequently, the suspended pellets were carefully layered on 
top of  a discontinuous sucrose gradient formed with increasing concentrations of  
Percoll (25%, 50%, 75%, and 100%) from bottom (low concentration) to top (high 
concentration). This gradient was then centrifuged at 8,000 rpm for 20 minutes at 4°C. 
The supernatants were discarded, and the resulting pellet, enriched for spores, was 
further centrifuged at 8,000 rpm for 10 minutes.
To disrupt the spore cell walls and release their protein content, 250 µL (microliters) 
of  distilled water and a small amount of  acid-washed glass beads were added to the 
centrifuged spore pellet. This mixture was shaken on ice for 15 minutes at a speed of  
150 rpm using a mechanical shaker (VDRL digital). The resulting suspension was then 
centrifuged at 4,000 rpm in a refrigerated centrifuge. The supernatant, containing the 
extracted proteins, was collected and stored at – 70°C.
SDS-PAGE analysis of  the proteins in the supernatants was performed using a vertical 
electrophoresis apparatus (Bio-Rad) according to the method described by Laemmli 
(1970). Briefly, a 5% stacking gel and a 12% resolving gel were used to separate protein 
bands extracted from both infected and non-infected bees. The gels were then stained 
with Coomassie Brilliant Blue.

Electrophoresis of Nosema ceranae Spore Protein 

Electrophoresis of  Nosema spore proteins was performed similarly to the electrophoresis 
of  bees’ abdominal contents as described immediately above.

Zymography 

Zymography is a SDS-PAGE-based electrophoresis method used to determine the 
enzymatic activity and to analyze protease components in biological samples. This 
study was performed using the method described by Beccaria et al. (2021). For 
electrophoresis, the samples were loaded on polyacrylamide gel (5% supernatant gel) 
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and 12% separating gel to which 0.1% gelatin was added, and electrophoresis was 
performed. The gel was then incubated for half  an hour in solution containing 2.5% 
Triton X-100. After washing with distilled water, the gel was incubated overnight in 
incubation buffer at laboratory temperature. After washing with distilled water, the 
gel was stained with Coomassie brilliant blue and destained with acetic acid. Due to 
digestion of  gelatin, protease bands were clearly visible on a blue background. 
In order to discriminate whether the bands that formed on the gel belonged to 
metalloproteases or serine proteases, the gels were incubated in metalloprotease 
buffers (50 mM Tris buffer, pH 8, containing calcium chloride) and serine protease 
buffers (which contained EDTA). For the investigation of  cathepsins, we used 10 
mM acetate buffer, pH 4, containing 2 mM dithiothreitol (DTT) or the same buffer 
without 2 mM dithiothreitol.

RESULTS 

A PCR molecular method was used to determine the species of  Nosema in infected 
bees. N. ceranae was the only Nosema species in these infected bees. As shown in Fig. 1, 
positive samples showed a band of  217 bp size, while control groups without bands 
are shown in gel lanes 4 and 10.

Figure 1: PCR test for bees infected with Nosema ceranae. Molecular weight marker 
in L1; bees negative for Nosema L4 and L10.
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In the second step of  this study, SDS-PAGE of  purified Nosema spore extract 
showed at least six protein bands with molecular weights of  25, 35, 48, 63, 75, and 
100 kDa (Fig. 2). 

In the electrophoresis of  abdominal content extracts of  infected 
and non-infected bees, protein bands with molecular weights of  15, 
25, 35, 48, 75, 100, 135, and above 180 kDa were observed (Fig. 3).  
Next, zymography was used to determine the presence of  serine proteases in extracts 
of  infected and non-infected honey bees. Protease activity was observed as transparent 
bands at a molecular weight of  about 23-35 kDa, as shown in Fig. 4. 

Figure 2: Protein pattern of  pure Nosema ceranae spore extract
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Figure 3: Protein pattern of  midgut contents of  bees infected and non-infected 
with Nosema ceranae

 Figure 4: Zymography to study serine proteases
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The presence of  cathepsins in infected and non-infected honey bee extracts was 
observed, using zymography, as transparent bands with a molecular weight of  about 
23-35 kDa (Fig. 5). 

DISCUSSION

Nosemosis is one of  the most important honey bee diseases caused by two fungal 
species of  the genus Nosema, N. apis and N. ceranae. Several studies have confirmed that 
N. ceranae is the dominant species in recent years (Gisder et al., 2017; Klee et al., 2007; 
Chen et al., 2008; Williams et al., 2008; Invernizzi et al., 2009; Chen and Huang, 2010). 
In this study, a PCR method was used to determine the species of  Nosema in infected 
bees. It was found that all infected bees were infected with N. ceranae, and according to 
previous reports, this supports the opinion that N. ceranae has become the dominant 
species in honey bees.
In the second step of  this study, SDS-PAGE of  purified Nosema spores was conducted, 
and the protein patterns from spores and from total abdominal extracts of  Nosema 
infected and non-infected bees were compared. The protein patterns of  pure N. 
ceranae spores showed at least six bands with molecular weights of  25, 35, 48, 63, 75, 
and 100 kDa, while electrophoresis of  abdominal contents of  Nosema infected and 
non-infected bees, as expected, showed these protein bands and other bands with 
molecular weights of  15, 135, and above 180 kDa. It seems these extra bands, which 
are not related to Nosema spores, are likely related to the presence of  pollen grains of  
plants, cells, or other digestive tract contents. No differences were observed in the 
protein patterns of  total abdominal extracts of  bees infected with Nosema at different 
intensities.

Figure 5: Zymography to study cathepsins  
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To the best of  our knowledge, there is no information in the published literature 
regarding the protein patterns of  the two Nosema species in our study. Sironmani 
(1999), using polyacrylamide gel electrophoresis, analyzed the proteins of  Nosema 
bombycis spores, a microorganism causing Pébrine disease in silkworms. He reported 
the presence of  proteins with molecular weights of  17, 28, 31, 45, 68, and 94 kDa in the 
spore extracts (Sironmani, 1999). Wu et al., using SDS-PAGE, analyzed the proteome 
of  the membrane from Nosema spores. They identified 14 proteins or peptides in the 
membrane of  N. bombycis spores. The three major bands had molecular weights of  
32.7, 30.4, and 25.3 kDa (Wu et al., 2008).
In the present study, zymography was used to determine the proteases of  infected and 
non-infected honey bees. Transparent bands which belonged to protease activity were 
observed at the molecular weight of  about 23-35 kDa. In order to identify the type 
of  proteases, i.e., whether they were metalloprotease or serine protease, zymography 
gels were incubated in specific buffers. As EDTA is a calcium chelator and neutralizes 
metalloprotease activity, the presence of  the mentioned bands in buffer both with 
or without calcium chloride proved that the bands belonged to serine proteases. In 
similar work, Guedes et al. (2007) purified serine proteases of  Leishmania braziliensis 
and showed their bands by zymography. The molecular weights of  related bands were 
estimated as 60, 45, 130, 83, 74, 30, 62, 59, 57, 49, and 35 kDa (Guedes et al., 2007).
In our study, the presence of  cathepsins in the abdominal extracts of  infected and 
uninfected bees was demonstrated by zymography using SDS-PAGE. Due to the 
presence of  dithiothreitol in the incubation buffer, the protease activity appeared as 
a clear transparent band with a molecular weight of  about 25 kDa which was related 
to cysteine proteases (cathepsins). The different molecular weights of  cathepsins 
and serine proteases in different animal species can be explained by the process 
of  evolution, whereby different isoforms of  proteins can have different molecular 
weights. Several studies have shown there are about 650 proteases of  different types 
in the genomes of  higher animal species. Jayashnakar (2007) reported the molecular 
weights of  the cathepsin family are between 20 and 35 kDa, with the exception of  
cathepsin C, an oligomeric enzyme with a molecular weight of  200 kDa (Jayashnakar, 
2007). To the best of  our knowledge, no similar research has been done to identify the 
molecular weight of  cathepsins from honey bees. 
In our study, no differences were observed in the protein patterns of  honey bees 
infected with Nosema at different intensities. However, previous studies have reported a 
decrease in the activity of  proteases in bees infected with Nosema compared to healthy 
bees (Malone and Gatehouse, 1998). Therefore, further investigations to properly 
identify bee proteases are necessary.
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CONCLUSIONS

According to the results of  this study, SDS-PAGE analysis of  Nosema spores revealed 
multiple protein bands with varying molecular weights. Zymography further identified 
various protease bands, originating from both the parasite and the infected host bees. 
These findings suggest that some of  the identified proteins might be involved in the 
parasite’s lifecycle or its interaction with the host. This knowledge could contribute to a 
better understanding of  Nosema infection. However, further genomic and proteomic 
studies are necessary to precisely identify and characterize these proteins for potential 
development of  Nosema control strategies.
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ISPITIVANJA PROTEAZA KOD MEDONOSNIH PČELA  
(APIS MELLIFERA) ZARAŽENIH SA NOSEMA CERANAE 
PRIMENOM ZIMOGAFIJE

Mohammad Afrasiabi DOGHUZLU, Sedigheh NABIAN, Gholam Ali Nehzati 
PAGHALEH, Mohammad TAHERI, Zahra ASADOLLAHI, Soheila AKHZARI

Kratak sadržaj
Nosemoza je jedna od najznačajnijih bolesti pčela koju izazivaju dve vrste mikrospo-
ridija iz roda Nosema (N. apis i N. ceranae). Istraživanja pokazuju da N. Ceranae, koja je 
manje osetljiva na fumagilin, postaje predominantna vrsta u odnosu na N. apis po-
slednjih godina. Identifikacija i razvoj lekova za kontrolu ovih mikrosporidija, sa što 
manjim uticajem na fiziologiju domaćina, je od suštinskog značaja za kontrolu noze-
moze. U tu svrhu značajne su informacije o enzimima pčela. Serinske proteaze, kao 
glavni proteazni enzimi kod insekata, igraju važnu ulogu u njihovom imunološkom 
sistemu. U ovom istraživanju, neke proteaze medonosnih pčela zaraženih sa N.ceranae 
su proučavane zimografijom. PCR analize su pokazale da je u svim uzorcima pčela bila 
prisutna vrsta N.ceranae. Osim toga određen je, proteinski profil ekstrakata zaraženih 
tkiva medonosne pčele pomoću SDS-PAGE. Uočene su određene trake sa molekular-
nom težinom od 25, 35, 48, 63, 75 i 100 kDa. Metodom želatinske zimografiije deter-
minisana je molekulska težina serinskih proteaza u digestivnom traktu pčele u rasponu 
od 23-35 kDa, kao molekulska težina katepsina koja je bila 25 kDa. Smatramo da bi 
istraživanje proteaza moglo biti korisno za sticanje novih znanja o interakciji između 
domaćina i parazita, kao i za pronalazak efikasnih i bezbednih jedinjenja koja bi bila 
korišćena za lečenje nozemoze.

Ključne reči: Nozemoza, Nosema ceranae, serin proteaza, katepsin


