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Proteolytic enzymes (proteases) participate in intra-
cellular protein digestion and such biological processes
as: zymogen activation, the release of hormones and
physiologically active proteins from their precursors,
translocation through membranes, protein compound
ordering and receptor activation (2). Proteases and
protease inhibitors are active in the alimentary duct,
haemolymph, moult liquid, venom and cuticle of bees
(2, 4, 7, 16). To date, serine, cysteine, aspartic and
metallic proteases have been found in bees. The pro-
tein layer on their body surface is meant to protect the
organism from pathogen invasion (7, 17). The pattern

of proteolysis on the body surface of honeybees is
influenced by such factors as: the developmental stage,
caste, environmental pollution, chemioacaricides, cage/
beehive habitat and even dietary supplements contain-
ing the low-molecular epigenetic switch (11, 15, 16, 17).
Proteolysis primarily takes place in living organisms
during metabolic processes. These processes stop in
dead organisms and saprotrophs attack the body.

Therefore, it seems of extreme interest to investigate
the hypothesis that the cessation of life functions in dead
workers coincides with a cessation of their body-sur-
face proteolytic activity in contrast to live honeybees.
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Summary
The aim of the study was to determine the type and activity of body-surface proteases of live and dead

workers. Samples were collected for five weeks. 100 samples of live and dead worker bees were gathered,
respectively, each containing 10 bees. The total number of samples was 200. Hydrophilic (water-treated) and
hydrophobic (Triton-rinsed) proteins were isolated from the insects. The rinsing samples containing isolated
proteins were tested as follows: protein concentration assay by the Lowry method; proteolytic activity in
relation to various substrates (gelatine, haemoglobin, ovoalbumin, albumin, cytochrome C, casein) by a modi-
fied Anson method; proteolytic activity in relation to diagnostic inhibitors of proteolytic enzymes (pepstatin
A, PMSF, iodoacetamide, o-phenantrolin), using the Lee & Lin method; acidic, neutral and basic protease
activity by means of the modified Anson method; and electrophoretic analysis of proteins in a polyacrylamide
gel for protease detection with the Laemmli method; the activity of aspartic and serine protease inhibitors by
the Lee and Lin method; electrophoretic analysis of proteins in a polyacrylamide gel for protease inhibitor
detection by means of a modified Felicioli method; and in vivo tests of antifungal and antibacterial activity
using the double application method.

The concentration of hydrophobic proteins on the body surface of the bees was found to be higher than that
of hydrophilic proteins. The activity of proteases and their inhibitors remained at a steady level in the dead
bees during the five weeks, whereas that of the live bees was variable. The dead workers were found to have
aspartic, serine, thiolic and metallic proteases on the body surface; the live bees, in turn, had aspartic and
serine proteases. The dead bees were less resistant to microorganisms. The methods used in the present
study can be employed for assessing the condition and state of health of bee colonies, both prior to and after
wintering, as well as during the beekeeping season.
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Material and methods
Two bee colonies were selected: one with yellow-hued

bees (originating from one drone) and the other comprising
dark-hued insects. Combs with emergent broods of the
yellow bees were put in an incubator for 24 hours. Appro-
ximately 3000 one-day-old workers were obtained. The
yellow one-day-old bees were introduced into the colony
of dark-hued insects. For 5 weeks, every 7 days, 20 sam-
ples with 10 yellow bees (dead) were collected from the
hive bottom and 20 samples with 10 yellow bees (alive)
from the combs. The bees were refrigerated in germ-free
bags at �8°C for 1-2 months. 200 samples were obtained
(20 samples × 10 insects × 5 weeks × 2 physiological states
= 2000 bees).

The samples were then thawed and initially rinsed in 10
ml distilled water for 20 seconds in order to remove impu-
rities. Using the Lowry method as modified by Schacterle
and Pollack (14), the resultant solution was found to con-
tain no proteins. Therefore, the rinsings were discarded.
Subsequently, the insects were put in test tubes. 10 ml of
distilled water was added and the bees were shaken/rinsed
for 4 min. at 3400 rpm. After filtrating each of the samples
through Miracloth, a solution was obtained that contained
mostly hydrophilic proteins. The solution was then divi-
ded into four aliquots, poured into four Eppendorf tubes
and frozen in a refrigerator at �40°C. The procedure pro-
duced:

� 2 ml � a sample to determine protease and protease
inhibitor activities;

� 2 ml � a sample for electrophoretic assays;
� 2 ml � a sample to determine anti-fungal and anti-

bacterial activities;
� 2 ml � reserve.
The biological material left on Miracloth was again placed

in test tubes. This time, a 1% detergent solution (Triton
X-100) was poured into distilled water (10 ml). The whole
was shaken for 4 minutes at 3400 rpm and filtrated through
Miracloth. As in the case of shaking/rinsing in distilled water
only, four samples were created, containing predominantly
hydrophobic proteins. This procedure provided a total of
800 samples for the live bees (100 samples × 2 rinsings
× 4 Eppendorfs) and 800 samples for the dead bees.

Next, the rinsing samples containing washed-out proteins
were analysed biochemically as follows:

� quantitative total protein concentration assay using the
Lowry method, as modified by Schacterle and Pollack (14);

� testing proteolytic activity in relation to the substrates
(gelatine, haemoglobin, ovoalbumin, albumin, cytochrome
C, casein) by the modified Anson method (1);

� determining proteolytic activity in relation to the dia-
gnostic inhibitors of proteolytic enzymes (pepstatin A,
PMSF, iodoacetamide, o-phenantroline) according to the
Lee and Lin method (9);

� determining the activity of acidic, neutral and basic
proteases by means of the modified Anson method (1);

� electrophoretic analysis of proteins in a polyacrylamide
gel for protease detection with the Laemmli method (8);

� determination of the levels of natural inhibitors of aci-
dic, neutral and alkaline proteases, based on the Lee and
Lin method (9);

� electrophoretic analysis of proteins on polyacrylamide
gel in order to detect aspartic and serine protease inhibitors
using the modified Felicioli et al. method (5);

� determination of antifungal and antibacterial activities
in in vivo tests, using the double application method with:

� SABG (12) � to determine the activity in relation to
Aspergillus niger,

� YPD (10) � to determine the activity in relation to
Candida albicans,

� LB (3) � to determine the activity in relation to Sta-
phylococcus ureus, Bacillus subtilis, Micrococcus luteus,
Salmonella Typhimurium, Pseudomonas aeruginosa and
Escherichia coli.

� In an additional test of micro-organism survival, bac-
teria were passed from the surface on which the growth of
B. subtilis had been inhibited B. subtilis onto a new base
and observed for renewed growth or its absence.

� In the antifungal, antibacterial and survival tests, as
well as in the test of micro-organism survival, each of the
dishes was photographed (SONY á100). The photographs
were used to determine the area of the active anti-micro-
organism surface on which there was no growth with Multi-
Scan Base software.

The statistical calculations were carried out using SAS
software (13). Statistical differences between the experi-
mental factors were identified using one-way ANOVA.

Results and discussion
A greater amount of cuticle surface proteins was

washed out with Triton (Tab. 1) than with water. The
fact shows the predominance of hydrophobic proteins
in worker bees. Protein concentrations of the dead
workers rinsed in water were higher than those of the
live bees in each week of the experiment (Tab. 1).

Proteolytic activity was observed only in relation to
gelatine and ovoalbumin both in the case of the dead
and the live bees. The proteolytic activity of the dead
bees remained at a steady level during the five weeks.
On the other hand, it varied in the live bees, with
a noticeable rise at pH 2.4, 7.0 and 11.2 in the 2nd and
the 3rd weeks (Tab. 1).

Aspartic and serine, although neither thiolic nor
metallic, proteases were detected on the cuticles of the
live bees, as proteolytic activity was identified in the
case of pepstatin-A and phenylmethylsulfonyl fluo-
ride (PMSF) but was not observed in relation to iodo-
acetamide or o-phenanthroline (diagnostic inhibitors
of proteases). On the other hand, all these proteases
were present in the dead bee samples.

More bands related with aspartic and serine pro-
teases were observed in the zymographs of the live
workers than the dead workers during the five weeks
(Tab. 2). In the acidic environment, bands of medium-
-molecular proteins were not observed in the live bee
rinsing samples during this time. The same pattern of
bands at all the pH levels were observed in the elec-
trophoretic SDS-PAGE zymographs for the live bees
in the 3rd and 4th weeks of the experiment. It was these
workers during the five weeks that revealed the most
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bands of low-molecular proteins whose molecular
weights ranged from 14 to 31 kDa. In the case of the

dead workers, these low-mole-
cular proteins had molecular
weights of about 15, 21 and 28
kDa.

There was considerable
oscillation in the system of na-
tural protease inhibitor activi-
ties in the live workers (Tab. 3).
In a dozen or so cases the
result was a complete loss of
inhibitor activity (hydrophobic
protease inhibitors at pH 2.4
and 11.2, and hydrophilic pro-
tease inhibitors at pH 7.0). This
did not occur with the dead
bees and protease inhibitor
activities remained at a steady
level in these workers during
the five weeks.

The electrophorograms
(Tab. 4) of both the live and
dead bees revealed broad and
prominent bands of high- and
low-molecular aspartic pro-
tease inhibitors during all the
weeks. Basic protease inhibi-
tor bands in the live and dead
bees were few, narrow, not very
prominent and predominantly
associated with low-molecular
proteases. During some of the
weeks, the live workers were
found to contain no active in
vitro natural inhibitors, while
the electrophorograms featured
bands which may have resul-

ted from a reaction with the proteases/substrates and
the specificity of protease inhibitor staining.

lacigoloisyhP
etats gnihsaW keeW )lm/gm(C

UsA(ytivitcacityloetorP × gm 1� )

4.2Hp 0.7Hp 2.11Hp

*eviL

**retaW

1 10.0±190.0 1 23.0±794.83 1 17.5±954.25 1 81.0±012.75

2 00.0±900.0 43.0±607.123 05.0±599.481 54.0±366.963

3 00.0±800.0 02.0±623.282 32.0±365.956 40.0±547.313

4 00.0±630.0 1 41.0±844.56 42.0±017.032 1 08.0±841.97

5 00.0±200.0 51.0±954.611 51.31±367.275 52.0±604.461

**notirT

1 70.0±392.0 11 74.0±256.9 1 42.0±403.1 1 02.0±773.78

2 00.0±640.0 1 24.1±690.56 1 80.0±128.5 1 82.0±136.57

3 20.0±450.0 22.1±615.311 1 87.0±833.3 1 41.2±543.54

4 10.0±572.0 1 83.0±172.31 1 91.0±493.1 1 66.0±064.11

5 90.0±521.0 02.0±724.371 61.0±713.55 84.0±199.061

*daeD

**retaW

1 10.0±240.0 81.0±766.86 91.0±103.9 31.0±299.12

2 20.0±450.0 60.0±416.86 10.0±352.9 50.0±250.22

3 00.0±310.0 31.0±789.86 01.0±512.9 80.0±221.22

4 00.0±800.0 96.0±452.86 56.0±543.9 70.0±130.22

5 00.0±410.0 71.0±428.86 92.0±399.8 40.0±899.12

**notirT

1 00.0±623.0 50.0±516.27 20.0±145.23 31.0±722.52

2 00.0±731.0 61.0±036.27 03.0±495.23 01.0±981.52

3 70.0±012.0 83.0±987.27 91.0±977.23 94.0±069.42

4 00.0±833.0 91.0±506.27 60.0±976.23 31.0±602.52

5 20.0±452.0 02.0±587.27 43.0±800.33 21.0±571.52

Tab. 1. Protein concentration (C) and proteolytic activity (As) in the samples rinsed from
the body surface of the live and dead A. mellifera workers in an acidic (pH 2.4), neutral
(pH 7.0) and basic (pH 11.2) environment during the consecutive weeks of the experiment
(age-related) (�x ± SE)

Explanations: * � denotes statistically significant differences in values of protein concentra-
tions and proteolytic activities between physiological states at the level of P £ 0.05; ** �
denotes statistically significant differences in values of protein concentrations and proteolytic
activities between washing within group live workers or dead workers at the level of P £ 0.05

seebeviL

keeW 1 2 3 4 5

Hp 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11

MH 1 1 4 1 3 3 1 2 3 1 2 3 1 2 3

MM 0 1 0 0 2 2 0 2 1 0 2 1 0 2 1

ML 1 5 4 5 5 5 4 6 3 4 5 3 5 5 4

seebdaeD

keeW 1 2 3 4 5

Hp 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11

MH 0 1 0 4 2 1 0 1 1 1 1 2 0 1 1

MM 0 0 0 1 1 0 0 2 0 1 2 0 0 0 1

ML 3 1 1 1 1 1 3 1 1 2 1 2 1 1 3

Tab. 2. Electrophoretic SDS-PAGE zymograph showing the body-surface proteolytic activity of the live and dead workers in
an acidic (pH 2.4), neutral (pH 7.0) and basic (pH 11.2) environment

Explanations: HM � number of high-molecular protein bands; MM � number of medium-molecular protein bands; LM � number of
low-molecular protein bands
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The live bees were observed to have antifungal pro-
tection against two fungi and antibacterial protection
for four bacteria (Tab. 5). The dead bees were not resi-
stant to microorganisms. Additionally, the survival test
revealed that the samples washed out of the body sur-

face of the live bees had the capacity to
destroy the B. subtilis strain. The results
of the in vivo microorganismal test con-
firmed the fact of weaker proteolytic sys-
tem activity in the washed-out body-sur-
face samples of the dead bees. Reduced
activity was also observed in the in vitro
biochemical analyses.

The authors observed higher activity of
proteases and protease inhibitors in the
live bees as compared with the dead ones.
Moreover, the proteolytic system activity
of the dead bees remained at a relatively
stable level during the consecutive weeks
of the experiment, while that of the live
bees varied with time. The microbiologi-
cal tests also revealed a narrower range
of antifungal and antibacterial activity in
the dead workers.

When enzyme activity stops, life stops
and the organism dies. All metabolic
processes are controlled by proteolytic
enzymes. In the dead honeybees enzyme
activity stopped at a stable level (Tab. 1
and 3). After some days or weeks, dead
organisms are decomposed by pathogens
and saprotrophs. At that time, proteolysis
in these bodies is induced by enzymes
secreted by the saprotrophs (6). The re-
sults published in the present study were
obtained for workers that had been col-
lected directly after their death from the
hive bottom before their bodies had been

decomposed. A cessation in the activity of the proteo-
lytic system at a stable level also causes the apian non-
-specific body-surface immune system to stop and lose
activity, which was confirmed by the results of the
microbiological tests (Tab. 5).

Tab. 3. Activity of aspartic and serine protease inhibitors (As U × mg�1) in the
washed-out body-surface samples of the live and dead A. mellifera hive wor-
kers (�x ± SE)

Explanations: as in Tab. 1

lacigoloisyhP
etats

gnihsaW keeW 4.2Hp 0.7Hp 2.11Hp

*eviL

**retaW

1 1 51.0±534.62 80.0±355.91 oo 00.0±000.0

2 32.0±236.601 11.0±821.99 07.7±756.611

3 81.0±346.251 o 00.0±000.0 20.0±385.791

4 1 71.0±492.52 o 00.0±000.0 1 01.1±397.43

5 96.0±238.114 o 00.0±000.0 93.2±031.884

**notirT

1 56.0±585.42 o 00.0±000.0 30.0±525.13

2 o 00.0±000.0 79.0±759.13 82.0±702.23

3 o 00.0±000.0 41.0±872.34 o 00.0±000.0

4 o 00.0±000.0 1 32.0±839.4 o 00.0±000.0

5 o 00.0±000.0 51.0±515.44 o 00.0±000.0

*daeD

**retaW

1 40.0±655.28 30.0±121.91 61.0±387.61

2 11.0±591.38 20.0±111.91 41.0±318.61

3 31.0±521.38 50.0±879.81 31.0±528.61

4 73.0±777.28 90.0±421.91 21.0±277.61

5 92.0±686.28 01.0±331.91 51.0±197.61

**notirT

1 30.0±993.79 21.0±124.64 11.0±216.24

2 12.0±114.79 31.0±155.64 61.0±117.24

3 13.0±765.79 51.0±514.64 71.0±536.24

4 12.0±125.79 02.0±735.64 21.0±785.24

5 23.0±116.79 41.0±954.64 41.0±995.24

Tab. 4. Electrophoretic SDS-PAGE zymograph showing the body-surface protease inhibitor activities of the live and dead
workers in an acidic (pH 2.4), neutral (pH 7.0) and basic (pH 11.2) environment

seebeviL

keeW 1 2 3 4 5

Hp 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11

MH 1 1 1 0 2 1 4 2 1 4 2 1 4 1 1

MM 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ML 1 0 0 2 0 0 2 0 0 2 1 0 3 1 0

seebdaeD

keeW 1 2 3 4 5

Hp 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11 4.2 0.7 2.11

MH 2 1 0 2 1 1 2 1 1 2 1 0 3 1 2

MM 0 0 0 2 0 0 1 0 0 2 0 0 0 0 0

ML 5 0 2 3 0 1 5 0 2 4 0 2 5 0 0

Explanations: as in Tab. 2
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What was surprising was the variation in the pro-
teolytic system of the dead insects (aspartic, serine,
thiolic and metallic proteases), whereas the living
hive bees only had aspartic and serine proteases on
their body surfaces. Thiolic and metallic proteases
are induced in workers by the stress resulting from
untoward environmental conditions (i.e. acaricides,
environmental pollution etc.) (15, 17). Bees may also
undergo certain metabolic changes towards the end of
their lifetime which activate those enzymes.

Activation/deactivation of the proteolytic system
depends on the environment in which bees exist. The
activity of the system in the dead hive bees stopped at
a stable steady level. On the other hand, as indicated
in a previous study by the authors, the activity chan-
ged on the body surface of dead cage bees during five
weeks of the experiment (17, 18). The cage environ-
ment is stressful to bees and can affect body-surface
proteolytic system activity of workers. Additionally,
it is propitious to pathogen development. Most pro-
bably, part of the enzymes may have originated from
pathogens. Hence, the conclusion is that living bees
should be collected for biochemical analyses, pre-
ferably from the hive (not the cage), to be refrigerated
forthwith at �24°C, pending the analyses.

The immune system of live bees is assisted by the
effect of the pollen, honey, propolis and royal jelly.
Additionally, a pollen-rich diet stimulates protein
production (6). Oscillation in protease and protease
inhibitor activities also results from changing weather
conditions (7, 19).

Conclusion
Enzyme activity results for dead and live bees should

be viewed and compared with caution. Bees intended
for biochemical analyses should be collected live
and immediately refrigerated at the lowest possible
temperature to preserve actual enzyme activity and
avoid possible environmental and/or pathogenic inter-
ference.

The methods used in the present study can be em-
ployed for assessing the condition and state of health
of bee colonies, both prior to and after wintering,
as well as during the beekeeping season. In a majority
of cases such assessments are performed by means
of visual monitoring. The paper presents additional
instruments that can be taken advantage of both by
scientists and professional beekeepers. The metallo-

Tab. 5. The antifungal and antibacterial activities in the washed-out body-surface samples of the live and dead A. mellifera
workers, calculated as the area (mm2) without pathogen development

lacigoloisyhP
etats

mm,aerA 2

ytivitcalagnufitnahtiw ytivitcalairetcabitnahtiw

snaciblaadidnaC reginsulligrepsA silitbussullicaB succocolyhpatS
suerua

allenomlaS
muirumihpyT

sanomoduesP
asonigurea

eviL 26.951 34.01 82.881 19.811 78.362 97.412

daeD 0 0 0 0 0 0

protease activity assay can be used as a marker and
bee welfare bioindicator on its own.
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