Apidologie 33 (2002) 571-579
© INRA/DIB-AGIB/EDP Sciences, 2002
DOI: 10.1051/apido:2002041

571

Original article

Flow cytometric analysis of lectin-stained haemocytes
of the honeybee (Apis mellifera)

Dirk C. de GRAAF?*, Rebecca DAUWED, Karl WALRAVENS?, Frans J. JAcOBSP

4 Veterinary and Agrochemical Research Centre, Groeselenberg 99, 1180 Brussels, Belgium
b University of Ghent, Laboratory of Zoophysiology, Krijgslaan 281 S33, 9000 Ghent, Belgium

(Received 18 July 2001; revised 18 February 2002; accepted 18 April 2002)

Abstract — The study evaluated the technical feasibility of distinguishing the different honeybee blood cells
by flow cytometric analysis with and without staining by 3 lectins: soybean agglutinin (SBA), concanavalin A
(ConA) and wheat germ agglutinin (WGA). Flow cytometric analysis of unstained cells provided a forward
scatter-side scatter dotplot with no distinct haemocyte population. Examination of blood samples stained
with FITC-labelled ConA or WGA revealed a notable population of fluorescently marked cells on FL1-histo-
grams. Microscopic analysis, run parallel, demonstrated low fluorescence of the granular cells, strong fluo-
rescence of the plasmatocytes, with P1’s stained all over their surfaces and P2’s with a rather dotted
appearence. Prohaemocytes were not stained at all. SBA-FITC did not stain honeybee haemocytes as demon-
strated by both the flow cytometric and the microscopic examinations

honeybee / haemocytes / flow cytometry / lectin staining

1. INTRODUCTION

Flow cytometry is a technology in which a
variety of measurements are made on cells, cell
organelles, and other objects suspended in a
liquid and flowing one at a time, at rates of sev-
eral thousand per second, through a sensing re-
gion of a flow chamber. The methods of
measurement include absorption and scattering
of the light beam by the particle, fluorescence
of attached fluorescent dyes, and the shape of
the detected signal (Dean, 2000). Flow
cytometry is applicable in a broad range of dis-
ciplines. Many applications can be found in hu-
man and veterinary medicine, with the
immunophenotyping of leukocytes using
monoclonal antibodies grouped in so-called
Clusters of Differentiation (for example CD4,
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CDS, etc.) being one of the most important
(Erber, 1990). In the past decade flow
cytometry also has been introduced in the
typology of invertebrate blood cells from oys-
ters (Ford et al., 1994), snails (Amen et al.,
1992), crustaceans (Sequeira et al., 1995) and
also from insects (Willott et al., 1994).

The current haemocyte typology of the
worker honeybee (4pis mellifera L.) is mainly
based on the studies of D. Vansteenkiste at the
University of Ghent (Van Steenkiste, 1988). He
described 5 main haemocyte subsets based on
light and electron microscopic examinations
and studies of their function. In short, he distin-
guished (1) plasmatocytes (PL), which represent
more than 90% of the haemocytes in circulation
and which can be subdivided in 4 subtypes named



572 D.C. de Graafet al.

P1 to P4. P1’s are small (diameter = 5—12 pm),
round cells with a dense, central nucleus; P2 is
atransitional stage between P1 and P3; P3’s are
large oval, discoid cells (length = 820 um,
width = 8-12 um); and P4’s are fusiform cells
(length =10-30 um, width =6-10 um). Further
he described (2) prohaemocytes (Pr): small (di-
ameter = 6—10 pum), round cells that attach rap-
idly and flatten thereafter, making them larger
on haemolymph smears (length = 10-20 um,
width = 4-10 um); (3) granular cells (GC):
rather large (length = 10-25 pum, width =
8—20 um) cells with various inclusions in their
cytoplasm; (4) oenocytoids (OC): very similar
to GC’s and (5) coagulocytes (CC): very unsta-
ble cells that mostly burst during sampling,
leaving only a free nucleus. Unlike most previ-
ous papers, Van Steenkiste (1988) followed the
standard reference work on insect haemocyte
typing of Gupta (1979), permitting the
interpretion of honeybee blood cell research in
a broader context of insect haematology. Nev-
ertheless, honeybee haemocyte typing remains
complex. For instance, the differentiation be-
tween plasmatocytes and prohaemocytes, and
between oenocytoids and granular cells is only
possible by interference contrast or phase con-
trast microscopic examination. Studies on the
proportional occurrence of the different sub-
sets due to age, disease or physiological condi-
tion are hampered by the current typology as
they demand the patient and conscientious dif-
ferentiation of many hundreds of blood cells to
allow statistical analysis of the data. It is likely
that some of the disadvantages of the tradi-
tional microscopic approach of honeybee
haematology might be addressed by introduc-
ing flow cytometry.

This study evaluates the technical feasibility
of distinguishing different honeybee blood
cells by flow cytometric analysis, first by ex-
amining unstained cells, then by examining
cells that were labelled by fluorescein
isothiocianate (FITC)-conjugated markers. As
insect haemocyte surfaces were shown to har-
bour several carbohydrate moieties (Hypsa and
Grubhoffer, 1997; McKenzie and Preston,
1992; Nappi and Christensen, 1986; Richards
et al., 1989), lectins were retained as marker
molecules. The lectins were chosen based on
their reactivity in a simple spotblot test. To in-

terpret the flow cytometric analysis correctly,
an interference contrast microscopic examina-
tion of the lectin stained haemocytes was run
parallel.

2. MATERIALS AND METHODS

2.1. Honeybees and haemolymph
sampling

For the spotblot analysis we used haemolymph
from bees of mixed age collected at the hive en-
trance. All other experiments were performed with
haemolymph from standardized adult worker bees
collected as they emerged from a sealed brood comb
incubated at 34 °C. If the bees could not be used im-
mediately after emerging, they were kept for maxi-
mum 7 days in Liebefeld cages with tap water, sugar
syrup and pollen paste ad libitum (Jacobs, 1979).

Haemolymph was sampled between tergite II
and III using a stretched Pasteur pipette. Samples
were fixed in phosphate buffered saline (pH 7.2)
containing 1% formaldehyde for spotblot analysis,
in Laemmli sample buffer (Laemmli, 1970) for
Westernblot analysis or in 0.1 M cacodylate buffer
(pH 7.4) containing 0.12 M sucrose, 0.05%
CaCl, H,0 and 4% paraformaldehyde (Raes et al.,
1989) for microscopic or flow cytometric analysis.

2.2. Haemolymph spotblot and Western
blot analysis

Spotblots were made by spotting 25 pL fixed
haemolymph on polyvinylidine difluoride mem-
brane strips and drying them in an oven at 100 °C.
For Westernblot analysis 10 pL of the denaturated
haemolymph samples was separated on a 12%
acrylamide gel and blotted onto polyvinylidine
difluoride membrane by a semi-dry method at
0.8 mA-cm 2 for 1 h. The protein bands were visual-
ized by a reversible Ponceau-staining and the blot
membrane was then cut in separate lanes.

Both spotblot and Westernblot membranes were
blocked in 50 mM Tris-HCl buffer (pH 7.4), supple-
mented with 140 mM NaCl, 5 mM EDTA, 0.05%
Triton X-100, 0.25% gelatin and 1% bovine serum
albumin (= blocking buffer). Thereafter the mem-
branes were subsequently incubated in biotin-labelled
lectin (between 1/100 and 1/2000 in blocking buffer),
streptavidin-peroxidase (1/2000 in blocking buffer)
and developed in 3,3’-diaminobenzidine
tetrahydrochloride.

Spotblots were stained with the following lectins:
concanavalin A (ConA), Glycine max (soybean)



Haemocytes of the honeybee 573

agglutinin (SBA), Tetragonolobus purpureas lectin
(TPL) or Triticum vulgaris (wheat germ) agglutinin
(WGA). The negative control was incubated in
blocking buffer instead. Westerblots were stained
with ConA, SBA, and WGA.

2.3. Microscopic examination
of lectin-stained haemocytes

The haemocytes from fixed haemolymph sam-
ples were attached to albumin-coated microscope
slides using a cytospin apparatus (centrifugation at
100 g for 20 min). The haemocytes were stained with
FITC-labelled (excitation at 490 nm; fluorescence at
525 nm) ConA, SBA or WGA. Lectin dilutions
(1/80 or 1/160) and wash steps were in cacodylate
buffer (see above) supplemented with 1% bovine se-
rum albumin (= cacodylate blocking buffer) and the
air-dried preparations were mounted with glycerin.
Microscopic examination was done with a
Reichert-Jung Polyvar microscope in the interfer-
ence-contrast or epifluorescence mode.

2.4. Flow cytometric analysis
of lectin-stained haemocytes

Lectin staining of the haemocytes for flow
cytometric examination occurred as follows: the
cells (approximately 100 000 haemocytes per sam-
ple) were spun down (200 g, 10 min), resuspended
and incubated (30 min) in FITC-labelled lectin
(1/160 in cacodylate blocking buffer) and finally
washed 3 times in cacodylate buffer. Unstained cells
served as a negative control. Flow cytometric analy-
sis was done on a FACS Vantage™ (Becton
Dickinson). Forward scatter (FSC), side scatter
(SSC) and fluorescence (FL1 detector range: 530 +
30 nm) were recorded. The fluorescence detector
was adjusted at 560 V, with the amplitude gain in the
“linear 8” mode. From each sample 5000
haemocytes were scanned.

3. RESULTS

Spotblot analysis revealed a brown spot
when SBA, ConA or WGA was used (Fig. 1).
No coloration was observed with the negative
control or TPL. Therefore the latter was not re-
tained for further analysis.

Westernblot analysis revealed only minor
coloration with SBA (Fig. 2). ConA revealed a
smear of positivity between 21.5 and 31 kDa
and in the higher molecular mass region. When

WGA was used several bands above the 45 kDa
marker-protein were recognized (Fig. 2).

Figure 3 shows the results of the micro-
scopic examinations of haemocytes stained
with FITC-labelled lectins. Observations made
by interference contrast microscopy were
placed next to epifluorescent examinations of
the same cells, which permitted the identifica-
tion of any lectin-stained haemocytes. It was
found that SBA did not stain any of the known
haemocyte types. Only some unidentified
structures — probably free nuclei of burst cells —
were fluorescently stained. In contrast, ConA
stained a broad range of honeybee haemocytes,
including the plasmatocytes types 1 and 2 and
the granular cells. P1’s showed an overall sur-
face staining with a fluorescent “rim” (pro-
duced by a vertical view of surface staining in
different focus), whereas P2’s showed rather
dotted fluorescent marks. The GC’s were less

SBA ConA WGA TPL neg

Figure 1. Spotblots of haemolymph stained with
soybean agglutinin (SBA), concanavalin A (ConA)
and wheat germ agglutinin (WGA) gave a positive
reaction, whereas Tetragonolobus purpureas lectin
(TPL) and the negative control remained unstained.
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Figure 2. Westernblot analysis of haemolymph
stained with soybean agglutinin (1) revealed only
minor coloration. Concanavalin A (2) recognized a
smear of glycoproteins and wheat germ agglutinin
(3) stained several bands above the 45 kDa marker-
protein.
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Figure 3. Microscopic examination of haemocytes
stained with the FITC-labelled lectins soybean ag-
glutinin (SBA), concanavalin A (ConA) and wheat
germ agglutinin (WGA). The chosen microscopic
fields were evaluated both by interference contrast
(on the left) and epifluorescence (on the right) mi-
croscopy. SBA did not stain any of the known
haemocyte types; only some unidentified structures
(probably free nuclei = n) became fluorescent. The
fluorescence after staining with ConA and WGA
was very similar: the plasmatocytes type 1 (P1)
showed an overall staining, whereas the type 2 (P2)
showed a dotted fluorescence; the granular cells
(GC) were less brightly stained and the
prohaemocytes (Pr) were not stained at all. Bar =
10 um (WGA) or 5 um (SBA and ConA).

brightly stained by the FITC-labelled lectin than
the two plasmatocyte types. Prohaemocytes
were not stained at all. The same observations
with respect to the P1’s, P2’s, GC’s and Pr’s
were made using WGA.

n = 5000
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0 1023
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Figure 4. Flow cytometric analysis of unstained
haemocytes. In the FSC-SSC dotplot no distinct
haemocyte population could be observed.

Flow cytometric analysis of unstained
haemocytes showed a FSC-SSC profile with
most cells plotted in the lower left quarter
(Fig. 4). This FSC-SSC profile did not distin-
guished a distinct haemocyte population. The
FL1-histogram in Figure 5.1a showed the
background fluorescence that was used to
define the cut-off value (= 10?) of positivity and
to differentiate between the regions R1 (= no
fluorescence) and R2 (fluorescence). Only 57
of the 5000 examined cells crossed this cut-off
in the unstained sample. In the SBA-FITC
treated sample there was only a negligible shift
to the right on the FLI1-histogram, with
177 cells found in the R2 region. In contrast,
both ConA-FITC and WGA-FITC treatment
resulted in a major peak of fluorescent cells,
with population sizes 0of 4236 and 4405 cells re-
spectively. To characterize the corresponding
populations, FSC-SSC dotplots were made of
the R1 and R2 gated cells. The R1 gated cells
(no fluorescence) appeared to be a distinct

»
»

Figure 5. Flow cytometric analysis of unstained haemocytes (1a-c) and of haemocytes stained with the
FITC-labelled lectins soybean agglutinin (SBA; 2a-c), concanavalin A (ConA; 3a-c) and wheat germ aggluti-
nin (WGA; 4a-c). First a histogram of the FL1-channel was given (marked as “a” in each series), which per-
mitted to define the regions R1 (no fluorescence) and R2 (fluorescence). In the last two dotplots of each series
only the R1 (in “b”) or the R2 gated cells (in “c”) were plotted in an FSC-SSC frame. ConA-FITC and
WGA-FITC resulted in a major fluorescence peak. In both cases it was shown that the fluorescent (R2 gated)
population was plotted all over the FSC-SSC dotplot with strong accumulation in the lower left quarter,
whereas the unlabelled cells (R1 gated) appeared to be a distinct population with low FSC-values. SBA-FITC
treatment caused only a negligible shift to the right on the FL1-histogram.
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population of small-sized cells (low
FSC-value) with variable granularity (broad
range of SSC-values). The R2 gated cells (fluo-
rescence) were distributed all over the
FSC-SSC dotplot with strong accumulation in
the lower left quarter. This was observed both
in the ConA-FITC and the WGA-FITC treated
samples. The only difference between the latter
two treatments was that FL1-fluorescence was
even more pronounced in the WGA-FITC sam-
ple.

4. DISCUSSION

Flow cytometry of total blood samples from
man and many other higher vertebrates (most
of the studied species are farm animals) show
distinct populations of erythrocytes, lympho-
cytes, eosinophils, neutrophils and platelets on
a simple FSC-SSC dotplot, even without any
previous staining (Sintnicolaas etal., 1991). As
it was recently demonstrated that dotplotted
forward-scatter versus side-scatter parameters
of the crustacean species Procambarus
zonangulus (crayfish) also resulted in distinct
populations of granular, semigranular and
hyaline haemocyte types (Cardenas et al.,
2000), it was reasonable to assume that a simi-
lar result would be obtained with the unstained
honeybee blood samples. However, this was
not the case: the FSC-SSC dotplot did not dis-
tinguish a distinct haemocyte population. This
finding can be explained partially by the fact
that the differences in size between the
haemocyte types of the honeybee are relatively
small compared to the range in size within a
single haemocyte subset (Van Steenkiste,
1988). This means that the potential of flow
cytometry in honeybee haematology highly
depends on the availability of fluorescent-
labelled specific markers.

The spotblot proved to be a simple and easy
method for rapid screening of marker mole-
cules for their affinity. In its present form with
spotting of whole haemolymph samples, the
technique can not differentiate between affinity
for cellular or non-cellular structures. Carbo-
hydrate moieties present on molecules that are
found freely in the plasma also can be stained.
Further, we chose to first screen haemolymph

from worker honeybees of mixed ages to maxi-
mize the chance of a positive spotblot if certain
carbohydrate determinants would appear only
in a narrow age-group. Positive spotblots were
confirmed in all cases by later methodologies
except for SBA. SBA-sensitive carbohydrate
moieties do not yet occur on the haemocytes of
the very young bees that were sampled for
Westernblots, microscopy and flow cytometry.

Examination of both ConA and WGA
stained blood samples by epifluorescence mi-
croscopy and flow cytometry revealed a nota-
ble population of recognized cells. The
microscopic examinations demonstrated that
identical cells were stained by the two lectins,
and that the observed fluorescence had the
same pattern: low fluorescence of the granular
cells, strong fluorescence of the plasmatocytes,
with P1’s stained all over their surfaces and
P2’s with a rather dotted appearence. These
two lectins are known to recognize different
carbohydrate determinants, ConA reactive
against o-D-mannose and o-D-glucose, and
WGA reactive against (N-acetyl glucosamine),
and N-acetyl neuraminic acid. Thus, the simi-
larity in fluorescence patterns might indicate
that the carbohydrate moieties that are recog-
nized by these two lectins are shared by the
same glycoproteins or occur on different
glycoproteins that are closely associated. The
fact that on the Westernblot analysis some
bands are cross-reactive for the two lectins sup-
ports the former.

Our microscopic findings differ from those
on other insect species. In Blaberus craniifer
and Extatosoma tiaratum ConA recognition
was found in all haemocyte types whereas
WGA recognition was only found in
plasmatocytes and the so-called “spreading
granular cells” from Extatosoma (Richards
et al., 1989). In the larvae of Calliphora
vomitoria haemocytes were not recognized by
ConA, whereas 40-50% of the cells were
stained by SBA and 100% by WGA (McKenzie
and Preston, 1992). The same authors demon-
strated that SBA staining was associated with
phagocytic cell types. We did not find any indi-
cation that this occurred in the honeybee; it
would imply that the majority of the PL’s and
GC’s were phagocytic at the moment of sam-
pling, which seems unlikely. In Triatoma



Haemocytes of the honeybee 577

infestans WGA bound on internal granules,
whereas ConA stained the whole cells (Hypsa
and Grubhoffer, 1997). These authors found
only weak reactivity in prohaemocytes, as our
results also indicated, which they thought was
due to the low state of differentiation of this cell
type. Indeed, the only clear similarity in lectin
recognition among different insect species is
the lack of carbohydrate determinants on
prohaemocytes. So far, we have no indication
that different insect species follow a similar
pattern of glycosylation of their haemocyte
surface molecules during maturation and dif-
ferentiation. Therefore, the use of lectins for
typing insect haemocytes across the species
level remains highly questionable. It should be
noted that insect blood cell classification is
very difficult. There is probably more variation
in the morphology of the haemocytes of a sin-
gle insect Order than in the leukocytes from all
vertebrate groups put together (Ratcliffe and
Gotz, 1990). Nevertheless, haemocyte staining
with FITC-labelled lectins might provide a
valuable aid for the differentiation of the
haemocyte subsets within a single insect spe-
cies. In honeybee haematology lectin-depend-
ent fluorescence might be helpful for the
difficult differentiation of PL’s, GC’s and Pr’s.

The present flow cytometric analysis of
lectin stained samples demonstrated that the
use of FITC-labelled markers allows a rapid
and easy count of a fluorescent population of
haemocytes of the honeybee. However, the
epifluorescence microscopy that was run paral-
lel could not serve to verify the flow cytometric
counts within the defined regions R1 and R2.
Yet, in general terms the flow cytometric data
reflected the microscopic examinations: no
recognition by SBA, and strong fluorescence
of a large cell population by ConA and WGA.
The present flow cytometric results failed to
distuinguish between the marked PL’s and
GC’s as they were all grouped in a single fluo-
rescence peak. We believe that the search for
marker molecules of the honeybee haemocytes
should be extended to a broader range of lectins
or to monoclonal/polyclonal antibodies with a
high specificity for a single haemocyte subset.
This will be a crucial step for flow cytometric
typing of the cells present in a haemolymph
sample of the honeybee.
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Résumé — Analyse par cytométrie de flux des hé-
mocytes de I’Abeille domestique (Apis mellifera)
aprés coloration par des lectines. La cytométrie de
flux est une technique qui permet de faire une variété
de mesures sur les cellules, les organelles des cellu-
les et autres objets en suspension dans un liquide et
s’écoulant un par un a raison de plusieurs milliers
par seconde, a travers une zone de détection d’une
chambre de flux. Cet article a pour but d’évaluer s’il
est techniquement possible de distinguer les diffé-
rentes cellules sanguines de 1’Abeille domestique
(Apis mellifera L.) par ’analyse en cytométrie de
flux, en examinant d’abord des cellules non colo-
rées, puis des cellules marquées avec des marqueurs
conjugués a I’isothiocianate de fluorescéine (FITC).
Puisqu’il a été montré (Hypsa et Grubhoffer, 1997 ;
McKenzie et Preston, 1992 ; Nappi et Christensen,
1986 ; Richards et al., 1989) que la surface des hé-
mocytes d’insectes hébergeait plusieurs fragments
d’hydrates de carbone, on a retenu les lectines
comme molécules de marquage. Les lectines agglu-
tine du soja (SBA), concavanaline A (ConA) et ag-
glutine du germe de blé (WGA) ont été retenues sur
la base de leur réactivité lors d’un test simple de
spotblot. L’analyse en cytométrie de flux de cellules
non colorées a fourni un nuage de points dispersés
vers I’avant et latéralement sans populations distinc-
tes d’hémocytes ; [’histogramme FL1 de la fi-
gure 5.1a montre la fluorescence de fond qui a été
utilisée pour définir la valeur limite (= 10%) de positi-
vité et pour séparer les régions R1 (sans fluorescence)
et R2 (avec fluorescence). Dans 1’échantillon traité
avec SBA-FITC il n’y a eu qu’un décalage vers la
droite sur I’histogramme FL1, avec 177 cellules
trouvées dans la région R2. Au contraire, les traite-
ments par ConA-FITC et par WGA-FITC ont donné
un pic important de cellules fluorescentes, avec des
tailles de populations de 4236 et 4405 cellules res-
pectivement. Pour caractériser les populations cor-
respondantes, on a fait des nuages de points
FSC-SSC des cellules sorties en R1 et R2. Les cellu-
les sorties en R1 (sans fluorescence) sont apparues
comme une population distincte de cellules de petite
taille (valeur FSC faible) avec une granulation va-
riable (large fourchette de valeurs SSC). Les cellules
sorties en R2 (avec fluorescence) étaient réparties
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sur tout le nuage de points FSC-SSC avec une forte
accumulation dans le quart inférieur gauche. Cela a
été observé aussi bien dans les échantillons traités
par ConA-FITC que dans ceux traités par
WGA-FITC. L’analyse microscopique faite paralle-
lement a montré une faible fluorescence des cellules
granuleuses, une forte fluorescence des plasmatocy-
tes, parmi lesquels les P1 étaient colorés sur toute
leur surface et les P2 de fagon discontinue. Pourtant,
selon les résultats présents, la cytométrie de flux n’a
pas permis de séparer les PL marqués des GC mar-
qués car ils étaient tous groupés en un seul pic de
fluorescence. Les prohémocytes n’étaient pas du
tout colorés. Les analyses en cytométrie de flux et au
microscope montrent que la SBA-FITC n’a pas co-
loré les hémocytes d’Abeille. L’étude présente
montre que le potentiel de la cytométrie de flux pour
I’hématologie de I’ Abeille dépend de la disponibili-
té de marqueurs spécifiques fluorescents. Il est néan-
moins nécessaire d’étendre la recherche de
molécules de marquage a un plus grand éventail de
lectines ou a des anticorps monoclonaux/polyclo-
naux ayant une forte spécificité pour un seul type
d’hémocytes. C’est une étape cruciale pour parvenir
a caractériser par cytométrie de flux les cellules pré-
sentes dans un échantillon d’hémolymphe
d’Abeille.

Apis mellifera /| hémocyte / cytométrie de flux /
coloration aux lectines

Zusammenfassung — Analyse von Lectin geférb-
ten Hiimocyten der Honigbienen (Apis mellifera
L.) im Durchfluss — Cytometer. Durchfluss — Cyto-
metrie ist eine Technologie fiir verschiedene Mes-
sungen von Zellen, Zellorganellen und anderen
Objekten, die in Fliissigkeit verteilt sind. Sie werden
in Anzahlen von mehreren Tausend pro Sekunde
einzeln durch eine empfindliche Region, die Flief3-
kammer, geleitet. In dieser Arbeit wird untersucht,
ob es technisch moglich ist, mit der Analyse im
FlieBcytometer die verschiedenen Blutzellen der
Honigbienen zu unterscheiden, zunichst durch eine
Priifung der ungefirbten Zellen und danach durch
Priifung von Zellen, die mit Fluorescein Isothiocia-
nat (FITC) konjugierten Markern gekennzeichnet
waren. Da die Oberflache von Insektenhdmocyten
mehrere Carbohydratanteile enthdlt (Hypsa und
Grubhoffer, 1997; Mc Kenzie und Preston, 1992;
Nappi und Christensen, 1986; Richards et al., 1989),
wurden Lectine als Markermolekiile angelagert. Die
Lectine Agglutinin der Sojabohne (SBA), Concana-
valin A (ConA) und das Weizenkeim Agglutinin
(WGA) wurden auf Grund ihrer Re-Aktivitét in ei-
nem einfachen Spotblot Test angelagert. Die Analy-
se von ungefirbten Zellen mit dem Durchfluss —

Cytometer ergab eine vorwérts-seitenverteilte
Punktwolke (forward scatter-side scatter dotplot),
aber keine unterscheidbaren Gruppen von Himocy-
ten. Das FL1-Histogramm in Abbildung 5, 1a weist
die Hintergrundfluoreszenz auf, die benutzt wurde
um den cut-off Wert (= 102) zu definieren und zwi-
schen den Regionen R1 (keine Fluoreszenz) und R2
(Fluoreszenz) zu unterscheiden. In den mit
SBA-FITC behandelten Proben ergab sich nur eine
zu vernachlédssigende Verschiebung zur rechten Sei-
teaufdem FL1 — Histogramm, 177 Zellen wurden in
der R2 Region gefunden. Im Gegensatz dazu erga-
ben sowohl die Behandlung mit ConA-FITC als
auch mit WGA-FITC groBere Peaks mit fluoreszen-
ten Zellen, mit einer Anzahl von 4.236 bzw. 4.405
Zellen. Um die sich entsprechenden Gruppen zu
charakteriseiren, wurden FSC-SSC Punktwolken
derin R1 und R2 eingegrenzten Zellen gemacht. Die
in R1 eingegrenzten Zellen (keine Fluoreszenz)
schien eine distinkte Gruppe von kleinen Zellen
(kleiner FSC Wert) mit verschiedenartiger Kérnung
(breite Verteilung der SSC — Werte) zu sein. Die vom
R2 eingegrenzten Zellen (Fluoreszenz) waren {iber
die gesamte FSC-SSC Punktwolke verteilt mit einer
starken Verdichtung im linken unteren Teil. Das
wurde bei beiden Proben, bei den ConA-FITC als
auch bei den WGA-FITC Farbungen beobachtet.
Bei den zur gleichen Zeit durchgefiihrten mikrosko-
pischen Analysen zeigte sich ein geringe Fluores-
zenz bei den granuldren Zellen, starke Fluoreszenz
in den Plasmozyten, von denen Typ P1 auf der gan-
zen Oberfliche gefirbt war wihrend die Oberfla-
chen von P2 gefleckt erschienen.

Nichtsdestotrotz gelang es nicht, mit den jetzigen
Ergebnissen zwischen den markierten Plasmozyten
und den Granulocyten zu unterscheiden, da sie sich
alle in einem einzigen Fluoreszenzpeak gruppierten.
Prohdmocyten wurden gar nicht geférbt. SBA-FITC
férbten keine Hamocyten der Honigbienen, wie es
sowohl mit der Durchflusszdhlmethode als auch mit
den mikroskopischen Untersuchungen gezeigt wur-
de. Diese Untersuchung zeigt, dass das Potential ei-
ner Bestimmung der Himozyten der Honigbienen
mit einem Durchfluss-Cytometer in hohem Malie
von dem Vorhandensein spezifischer fluoreszenter
Markierungen abhingt. Die Suche nach solchen
Markierungssubstanzen muss auf eine grofere Aus-
wahl von Lektinen oder auf monoclonale/ polyclo-
nale Antikorper mit hoher Spezifitét fiir einzelne
Hiamocytenzellen ausgedehnt werden. Dies ist der
entscheidende Schritt, um die Durchfluss Cytome-
trie zur Bestimmung der verschiedenen Hamocyten
in einer Himolymphprobe der Honigbienen anzu-
wenden.

Apis mellifera | Himocyten / Durchfluss Cytome-
trie / Lectinfiarbung
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