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Abstract

Bio-analysis of insects is increasingly dependent on highly sensitive methods that require
high quality biological material, such as hemolymph. However, it is difficult to collect fresh
and uncontaminated hemolymph from adult bees since they are very active and have the
potential to sting, and because hemolymph is rapidly melanized. Here we aimed to develop
and test a quick and easy method for sterile and contamination-free hemolymph sampling
from adult Apidae. Our novel antennae method for hemolymph sampling (AMHS), entailed
the detachment of an antenna, followed by application of delicate pressure to the bee’s
abdomen. This resulted in the appearance of a drop of hemolymph at the base of the
detached antenna, which was then aspirated using an automatic pipetter. Larger insect size
corresponded to easier and faster hemolymph sampling, and to a greater sample volume.
We obtained 80-100 pL of sterile non-melanized hemolymph in 1 minute from one Bombus
terrestris worker, in 6 minutes from 10 Apis mellifera workers, and in 15 minutes from 18
Apis cerana workers (+/-0.5 minutes). Compared to the most popular method of hemo-
lymph collection, in which hemolymph is sampled by puncturing the dorsal sinus of the tho-
rax with a capillary (TCHS), significantly fewer bees were required to collect 80—100 uL
hemolymph using our novel AMHS method. Moreover, the time required for hemolymph col-
lection was significantly shorter using the AMHS compared to the TCHS, which protects the
acquired hemolymph against melanization, thus providing the highest quality material for
biological analysis.

Introduction

Apidological research is increasingly reliant on modern highly sensitive analytical methods.
Obtaining credible results with these techniques requires properly sampled, well-prepared,
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and correctly preserved biological material. In particular, hemolymph studies are needed to
investigate insect physiological states. However, the collection of hemolymph from Apidae
adults is difficult.

Hemolymph from adult bees has been analyzed in immunological, nutritional, mycological,
proteomic, epigenetic, and biochemical research [1-5]. Methods for collecting apian hemo-
lymph include decapitation, cutting the tibia or femur, puncturing the heart, puncturing the
dorsal or ventral sinus of the thorax, or puncturing the dorsal aorta between the head and tho-
rax [3,6,7]. However, these sampling methods require specialized equipment, such as glass
micro-capillaries, specially prepared plastic Pasteur pipettes [1,3,6]. Mayack and Naug [8]
describe a method, hemolymph is acquired by clipping bee antennae and then, and spinning
bees in centrifuge tubes at 16,000 RCF for 30 s to obtain hemolymph. The use of such tools car-
ries a risk of contaminating the samples with crop or intestinal contents during collection or
increase risk of melanization by extending its processing time. The collection of hemolymph
from adult insects is further complicated by these organisms’ propensity for movement and
their ability to sting the collector. The above-cited studies include descriptions of methods, but
do not report any quantitative characteristics of these methods. The “ideal method” for hemo-
lymph sampling is controversial [9], and this still remains a problem “of the general interest”
within entomological studies [9].

In our present study, we aimed to develop and test a new, quick, and relatively easy method
for sterile and contamination-free collection of hemolymph from Apidae adults. Our novel
method involves sampling from Apidae adult antennae, which we compared to the most
popular method of hemolymph sampling by puncturing the dorsal sinus of the thorax with a
capillary.

Materials and Methods
Novel antennae method of hemolymph sampling (AMHS)

Our novel antennae method of hemolymph sampling (AMHS) required the following equip-
ment: a gas burner, a rectangular Styrofoam plate for holding an insect, tweezers, an automatic
pipetter, pipette tips, 70% ethanol, cotton swabs, and an ice-bath to cool 0.2-mL Eppendorf
tubes. The equipment and laboratory room were sterilized with a UV lamp. The procedure
was performed in the immediate vicinity of a working gas burner to maintain sterile air.

For this method, the researcher used the index finger and thumb of the non-dominant
hand to hold the bee by its thorax. The bee was placed with its thorax gently pressed against
the edge of a Styrofoam plate (Fig 1A and 1B), a position that prevented the bee from sting-
ing the researcher’s fingers. Using the dominant hand, the researcher dipped a cotton swab
in 70% ethanol and used it to disinfect the area around the bee’s antennae (this step is not
required if hemolymph is being collected for non-microbiological studies). Following etha-
nol evaporation, the researcher used the dominant hand to grasp the tip of an antenna with
tweezers, and to detach the antenna from its base with an energetic movement. Next, the
tweezers were put away and the researcher picked up a pipetter with the dominant hand.
With the index finger of the non-dominant hand, the researcher gently pressed the bee’s
abdomen, increasing hemolymph pressure, and leading to the appearance of a drop of pure
hemolymph (Fig 1A). This drop was immediately transferred with the automatic pipetter
(Fig 1B) into an Eppendorf tube, and placed in an ice-bath (2-4°C) to prevent melanization.
Hemolymph sampled in this manner, could be immediately analyzed or frozen at —40°C for
future studies (storage at —80°C is recommended if the storage period is to be longer than
one month).
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styrofoam plate

Fig 1. New antenna method of hemolymph collection. (A) Method for detaching an antenna and inducing
hemolymph outflow in a worker honeybee. (B) Collection of hemolymph into a pipette. (C) Microphotograph of
hemolymph sampled with the new antennae method (Olympus BX 6; magnification, 500x%). (D) Hemolymph
samples placed on MRS medium to confirm their sterility (E) Hemolymph samples placed on Sabouraud
medium to prove their sterility. (F) Hemolymph circulation in a bee’s body [11].

doi:10.1371/journal.pone.0170487.9001
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Standard method of puncturing the dorsal sinus of the thorax with
capillary of hemolymph sampling (TCHS)

For comparison with our new AMHS method, we also sampled hemolymph using the popular
method of puncturing the dorsal sinus of the thorax (TCHS). The TCHS method required the
same equipment as specified above for AMHS, as well as glass capillaries with a thin sharp
end, and a micro-pump to push hemolymph from the capillaries to Eppendorf tubes. In this
method, bees were held by the head and thorax. The bee abdomen was laid on a Styrofoam
plate, and the capillary was used to pierce abdomen segments between termites 3 and 4. Hemo-
lymph was taken into the capillary, and then a micro-pump was used to push this hemolymph
from the capillary into an Eppendorf tube.

Biological material used in the AMHS and TCHS methods

Immediately after emergence, Apis mellifera carnica workers and drones were individually
marked with a paint marker and left inside their hive. Upon reaching 10 days of age, 80
marked workers and 80 marked drones were captured, placed in two separate cages, and trans-
ported to the laboratory for hemolymph sampling. The groups of drones and workers were
each divided into two halves, such that 40 individuals of each type were used for AMHS and
TCHS. Hemolymph collection was performed immediately after the bees were delivered to the
laboratory, no more than 30 minutes after their removal from their hive.

We also removed 40 individually caged virgin 4-day-old honeybee queens, each accompa-
nied by five workers, from a colony lacking a nurse queen. Hemolymph was collected from
these queens within 30 minutes of their removal from the colony. Of the 40 hemolymph sam-
ples taken from the queens, 20 were extracted by AMHS and 20 by TCHS.

80 Bombus terrestris worker bees were captured while flying outside their nest entrance.
These bees were placed in a cage, and used for hemolymph sampling within 30 minutes after
their capture. Of these 80 worker bees, 40 were used for AMHS and 40 for TCHS. All proce-
dures (A. mellifera, B. terestris) were performed at the University of Life Sciences, in Lublin,
Poland (51°13' N, 22°38' E).

From the apiary of Chang Mai University, Thailand (18°48°21.4"N; 98°57°39.4"E), 80 Apis
cerana worker bees were captured, and used for hemolymph collection: 40 by AMHS and 40
by TCHS.

The cages, and caged bee management applied in honeybees, Cerana bees and bumblebees,
have been previously described in details by Borsuk et al. [10].

Volume and quality evaluation of hemolymph samples obtained using
the AMHS and TCHS methods

In both AMHS and TCHS, we assessed total hemolymph volumes by pooling the hemolymph
taken from multiple bees in a single Eppendorf tube, and then determining the total amount of
hemolymph using an automatic pipette. Although hemolymph volume could have been deter-
mined using a pipette scale during collection in the AMHS method, we chose to utilize the
same measurement method for both techniques to improve the validity of comparison. We
also measured the total time that it took to collect 80-100 pL of hemolymph in an Eppendorf
tube.

To confirm that the fluid collected by AMHS was pure hemolymph, we sampled hemo-
lymph from six insects of each of the studied bee species and castes. From these samples,
microscopic hemolymph slides were prepared, and examined for the presence of properly
developed normal hemocytes, and to detect any other possible contaminations, like pollen
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Table 1. Characteristics of the new antennae method for hemolymph sampling (AMHS) versus the common method of puncturing the dorsal
sinus of the thorax with capillary for hemolymph sampling (TCHS).

Bee species and caste

Apis mellifera carnica workers

drones

queens

Apis cerana workers
Bombus terrestris workers

Age (days) Number of bees Number of individuals needed to Sampling time needed to obtain

obtain 80-100 pl of hemolymph 80-100 pl of hemolymph (+/- 0.5

mins)
AMHS | TCHS AMHS TCHS AMHS TCHS

Mean SD Mean SD Mean SD Mean SD
10 40 40 104 0.20 408 0.42 6" 0.20 158 0.12
10 40 40 22 0.13 5° 0.18 1A 0.12 68 0.18
4 20 20 3@ 0.15 6° 0.19 oA 0.1 8> 0.17
10 40 40 182 0.12 3g° 0.34 157 0.13 408 0.38
- 40 40 18 0.11 30 0.17 1A 0.12 65 0.20

A B: Capital letters indicate that differences between TCHS and AMHS characteristics are significant at the level of p<0.01 (ANOVA).
a.b: | owercase letters indicate that differences between TCHS and AMHS characteristics are significant at the level of p<0.05 (ANOVA).

SD: Standard deviation.

doi:10.1371/journal.pone.0170487.t001

grains, etc. To check hemolymph sterility, we used two different agar mediums: MRS to detect
bacterial growth and Sabouraud to assess fungal growth. From individuals of each studied bee
species and caste (Table 1), five drops of 5 uL of hemolymph obtained by AMHS were placed
on both MRS and Sabouraud agar plates. In total, 100 hemolymph samples were placed on 20
MRS and 20 Sabouraud agar plates. Microorganism growth was detected after 72 hours of
incubation at 37°C for MRS, or and 30°C for Sabouraud.

Finally, we compared the workload of the AMHS to that of the frequently used TCHS. We
evaluated the time and the number of adult bees required to collect 80-100 pL of hemolymph.
The personnel of our laboratory were familiar with both of these methods, enabling an objec-
tive comparison of quantitative characteristics of each method.

Statistical analysis

Statistical analysis was performed using SAS software version 9.5 (Statistical Analysis System
Institute, Cary, NC,). Comparisons between AMHS and TCHS were performed using one-way
ANOVA.

Results and Discussion

Our novel AMHS method is facilitated by the anatomical/functional structure of the bee circu-
latory system. Circulation is forced by pulsatory contraction of the dorsal and ventral dia-
phragms, which pump hemolymph into the heart. Next, the aorta transports hemolymph into
the head (Fig 1F) [11], supplying hemolymph to the bee’s brain and antennae.

Compared to the TCHS, AMHS enabled the collection of 80-100 uL of sterile hemolymph
within a shorter time and from a smaller number of individuals, which minimizing risk of mel-
anization. We believe that during hemolymph collection, it is important to minimize the time
of its contact with air. Melanization risk is reduced with a shorter collection time and more
rapid progression to the cooling step. In addition to the shortened collection time, the reduced
use of insects is another substantial advantage of the AMHS over TCHS. Apidae research
should always be designed to minimize the number of bees that must be harmed. The use of
AMHS to reduce the number of bees needed to collect a required hemolymph volume is con-
sistent with the guiding principles for more ethical use of animals in research [12].
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Our present results also showed that larger insect size was associated with easier and faster
hemolymph sampling, and with greater volumes of collected hemolymph (Table 1). Hemo-
lymph sampling from Apis mellifera carnica and Apis cerana workers took longer and required
more insects than hemolymph sampling from bumble bees, as the former species are consider-
ably smaller and have less hemolymph.

Hemolymph is most often acquired with capillaries using varying methods, for example, by
puncturing the heart, the dorsal or ventral thorax sinus, or the dorsal aorta [1,3,6]. Each of
these procedures carries the risk that the ventriculus will be punctured, leading to sample con-
tamination with intestine contents. Such contamination not only renders the sample unusable,
but also requires that the capillary must be replaced with a new one or cleaned and disinfected
before the next use—thus, increasing the overall hemolymph collection time. Hemolymph ste-
rility can also be compromised by puncturing the membrane connecting abdomen segments.
Use of the AMHS eliminates these capillary-related problems. Moreover, hemolymph collec-
tion by decapitation [6] may contaminate the hemolymph with nectar leaking from the bee’s
stomach. Our novel AMHS resulted in hemolymph samples of high biological quality. Hemo-
cytes were clearly visible in each hemolymph sample acquired by AMHS (Fig 1C). Analysis of
each microscope slide revealed that the AMHS-obtained hemolymph samples were pure and
transparent, with no contamination (e.g., pollen grains).

We expected that in the performance of AMHS, ethanol disinfection and limited contact
between the hemolymph drop and the bee body would ensure sample sterility. This expecta-
tion was confirmed by microbiological assays. The incubation of hemolymph acquired by
AMHS on both MRS and Sabouraud agar mediums confirmed the hemolympbh sterility. No
microorganism growth was observed on any of the plated 100 hemolymph drops. Therefore,
no quantitative results are presented here. After terminating the incubation period, we only
observed dark brown circles of melanized hemolymph around each drop. This melanization
occurred during the incubation period, not during the sampling (Fig 1D and 1E). Notably,
when the collected hemolymph is not to be used for microbiological testing, the disinfection
step can be omitted. It is possible that ethanol applied at the antennal area can affect enzyme
or hormone activities.

Factors other than methodology can influence hemolymph collection efficiency. In our
previous studies [13,14], we observed that the amount of hemolymph collected from a bee
depends not only on the bee caste and age but also on its degree of hydration measured based
on the volume of nectar or sugar syrup consumed prior to hemolymph sampling. Ptaszyniska
etal. [13] report that sampling of the proper hemolymph volumes is less effective from older
bees. Moreover, sampling efficiency may depend on the researcher’s laboratory skills. These
factors make it difficult to compare the quantitative characteristics of different hemolymph-
sampling protocols among studies performed in different labs and using different organisms.
Notably, in our previous investigations, we have sampled hemolymph from thousands of bees
using AMHS, as well as other methods, including TCHS [13,14]. Our laboratory personnel
have substantial experience in collecting hemolymph from bees of different ages and castes.
This experience helped us to compare the different sampling methods, since our findings were
not affected by errors due to variable skills of laboratory staff. Our present results indicated
that the AMHS was an efficient, clean, and highly accurate method (Table 1) that was less
time-consuming than TCHS [1,3,6].

Hemolymph sampling using methods other than the AMHS typically require additional
equipment, such as micro-capillary tubes. Moreover, the removal of hemolymph from micro-
capillary tubes requires either the use of a special pump, or crushing the tubes and centrifuging
them with beads. Another advantage of the AMHS is the potential to use a pipette scale to mea-
sure the hemolymph volume collected from any single bee. This is particularly useful when
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performing biochemical analysis of micro-samples, e.g., for determining enzyme activities
[15]. It is worth of noting that when applying methods other than AMHS [1,3,6], pure hemo-
lymph volume can be calculated indirectly, based on the volume of hemolymph thinner in a
tube before sampling and the measured volume of hemolymph thinner after sampling. How-
ever, such a method can lead to additional error; therefore, some researchers use Hamilton
syringes [16]. The AMHS avoids the expense and additional work (e.g., syringe de-clogging,
disinfection, etc.) of using Hamilton syringes.

Mayack and Naug [8] method (hemolymph is acquired by spinning bees with clipped
antennae) is similar to the AMHS. However, their method requires both a laboratory centri-
fuge, and the apian mouth parts had to be glued shut to prevent any possible contamination.
Moreover, in their study, they dissected the apian guts to assess Nosema ceranae infection
before spinning the bees. Without this step, the guts would be a likely source of contamination.
Their method involve placing bees in centrifuge tubes, and spinning them at 16,000 RCF for
30 s to obtain hemolymph. This process could stratify the hemolymph components (e.g., pro-
teins and hemocytes) and carries increased risks of microbiological contamination and of
hemolymph melanization (see discussion above). While it may be ideal for analyzing hemo-
lymph sugar levels among the honeybee foragers with previously removed guts (as in their
study), it is not entirely appropriate for microbiological and genetic studies or investigations of
enzyme activities. In this context, our new AMHS method is more suitable for general use,
being easy and simple, and likely applicable in a wide range of different types of studies.

Conclusions

Our novel method for hemolymph collection has many advantages over traditional methods.
By minimizing the procedural steps and by not requiring that the bee’s body be punctured, the
AMHS decreases the risks of hemolymph contamination. Moreover, the AMHS minimizes the
risk of hemolymph melanization, since the hemolympbh is rapidly collected into the pipette,
minimizing the contact with air. Importantly, the AMHS allows accurate measurement of the
hemolymph volume collected from an bee during sampling, which is crucial for many bio-
chemical tests. By maximizing the hemolymph volume obtainable from each bee, the AMHS
minimizes the number of bee specimens necessary to collect a required volume of hemolymph.
Thus, this method is very efficient and fast, as well as consistent with the ethical principles of
biological research. Moreover, the AMHS does not require excessively sophisticated equip-
ment or highly trained staff. The hemolymph collected by AMHS can be processed and ana-
lyzed undiluted or with the addition of various buffers and dilatants, and can be analyzed
immediately after collection or frozen and stored for later analysis.

Consequently, we believe that the AMHS is an efficient and easy method for rapid collec-
tion of large amounts of pure and uncontaminated hemolymph, which can be useful in a wide
range of Apidae studies. Moreover, the AMHS can be applied to many insects that have anten-
nae and are similar in size to bees or larger. While we do not have sufficient evidence to claim
that AMHS is the best method for all types of entomological research, it undoubtedly seems to
be a highly useful technique with few drawbacks.
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