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Abstract:

Hemagglutinins are lectins: proteins that recognize and bind to specific carbohydrate residues on cell
surfaces. Soluble hemagglutinins have been demonstrated in the hemo-lymph of a wide variety of
invertebrates. In light of their carbohydrate recognitory capabilities, agglutinins have been implicated
in invertebrate defense responses against pathogens, and nonself or foreign tissues and cells. Consistent
with this possiblity, agglutinins are known to be associated with the circulating hemocytes in many
invertebrate species, including molluscs and insects. Opsonic capacity has been demonstrated for
molluscan agglutinins, however, no solid evidence for opsonic activity has been found among the
insect agglutinins studied.

The objectives of this study are to localize hemagglutinin to grasshopper hemocytes using
immunochemical techniques, and to investigate the in vitro opsonic properties of grasshopper
agglutinin. Results of immunocytochemical staining of monolayer hemocytes reveal the presence of
agglutinin in the adult hemocytes of both Melanoplus differential is and sanguinipes. Granular cells
only, stain for the presence of agglutinin, the phagocytic plas-matocytes do not stain.. The hemocytes
bind asialo human erythrocytes, Nosema locustae spores, and Bacillus thuringiensis bacteria. Only the
resetting, of asialo human erythrocytes can be inhibited by the addition of agglutinin-specific
carbohydrates. No opsonic activity is found when asialo human erythrocytes or thuringiensis is
incubated in either grasshopper serum or affinity purified hemagglutinin prior to over layering
hemocytes. While a potential opsonic effect is seen for Nosema spores incubated in grasshopper serum,
no opsonic activity is demonstrated for Nosema incubated in purified hemagglutinin prior to over
layering hemocytes. Neither increased immunofluorescence nor increased phagocytosis was observed
when hemocytes, in vitro, were incubated with purified agglutinin. Phagocytosis of Nosema spores is
not inhibited by the addition of agglutinin-specific monoclonal antibody to hemocytes. These results
indicate that although grasshopper hemagglutinin is demonstrated in a percentage of grasshopper
hemocytes, it does not appear to have an in vitro role in the recognition of foreign particles by
hemocytes. Potential physiological roles of agglutinins in grasshoppers have not previously been
described. Results reported here are consistent with the non-opsonic character and hemocytic location
of other described insectan agglutinins.
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ABSTRACT

Hemagglutinins are lectins: proteins that recognize and
bind to specific carbohydrate residues on cell surfaces,
Soluble hemagglutinins have been demonstrated in the hemo-
lymph of a wide variety of invertebrates, 1In light of their
carbohydrate recognitory capabilities, agglutinins have been
implicated in invertebrate defense responses against patho-
gens, and nonself or .-foreign tissues and cells. Consistent
with this possiblity, agglutinins are known to be associated
with the circulating hemocytes in many invertebrate species,
including molluscs and insects. Opsonic capacity has been
demonstrated for molluscan agglutinins, however, no solid
evidence for opsonic activity has been found among the
insect agglutinins studied.

The objectives of this study are to 1ocallze hemagglu-
tinin to grasshopper hemocytes using immunochemical tech-
niques, and to investigate the in vitro opsonic properties
of grasshopper agglutinin, Results of immunocytochemical
staining of monolayer hemocytes reveal the presence of
agglutinin in the adult hemocytes of both ﬂglgggglus
differentialis and M. sanguinipes. Granular cells only,
stain for the presence of agglutinin, the phagocytic plas-
matocytes do not stain.. The hemocytes bind asialo human
erythrocytes, Nosema locustae spores, and Bacillus
thuringiensis bacteria. Only the rosetting. of asialo human
erythrocytes can be inhibited by the addition of agglutinin-
specific carbohydrates. - No opsonic act1v1ty is found when
asialo human erythrocytes or B, thuringiensis is incubated
in either grasshopper serum or affinity purified hemagglu-
tinin prior to overlayering hemocytes. While a potential
opsonic effect is seen for Nosema spores incubated in grass-
hopper serum, no opsonic act1v1ty is demonstrated for Nosema
incubated in purified hemagglutinin prior to overlayering
hemocytes. Neither increased immunofluorescence nor in-
creased phagocytosis was observed when hemocytes, in vitro,
were incubated with purified agglutinin, Phagocytosis of
Nosema spores is not inhibited by the addition of
agglutinin-specific monoclonal antibody to hemocytes.. These
results indicate that although grasshopper hemagglutinin is
demonstrated in a percentage of grasshopper hemocytes, it
does not- appear to have an in vitro role in the recognition
of foreign particles by hemocytes. Potential physiological
roles of agglutinins in grasshoppers have not previously
been described. Results reported here -are consistent with
the non-opsonic character and hemocytic location of other
described insectan agglutinins,




INTRODUCTION

Insects exhibit a defense system which is remarkably
effective at pfotecting them from pathbgehic organisms;
Because of their huge'pumbers ana extreme species diversity,
the importancé of thié qefense system has been increas-
ingly recognized. An undérstanding of the iﬁsect defense
‘responses may provide workers with clﬁés to thé origin of
vertebrate immunity, and may uncover novel qéfense reactions
as yet undetected in higher organisms (1). - In addition,
studies on insect defense mechanisms may lead to new
biological control égents ta heip mén in his constant batt;e
with insect pests. |

Like the vertebrate immune system, inSeét defense
responses involve both celiular and humoral componedts;
Unlike the vertebrates, insects,-algng with other inverte-
brates, neither possess immunoglobulins nér the complement
system (2). Thus, invertebrate defense reactions do not
show thelspecificity or memory dritical to éhe vertebr;te
immune system. Invertebrates héve, however, developed a
defense response that is rapid, efficient, and exhibits a
broad deéree of specificity. Invertebrates are able to
distinguish self tissue from non-self, aﬁd a variety of

mechanisms have evolved for dealing with the lattér.
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In invertebrates, and insects in particular, both hemo-
cytes and'seruﬁ'proteins ’remove foreign‘objects'from ciff
culation, In general, insects exhibit three main mech-.
‘anisms for dealing with invading.microorgénisms. These
mechanisms include the cellﬁlar responses phagocytosis,
encapsulation and nodule formation, and the humoral %nti-
microbial proteins (1,2,3).

Phagocytosis in insects is similar to that of verte-'
brate macrophages, Iﬁsect contain spedialized phagocytic
cells, generally termed élasmatocytes, which circulate‘iﬁ

’ ’
the hemolymph. In addition, insects often have sessile
phagocytic cells found lining the body wall and inferha;
organs., These cells aré responsible fof removing small
foreign particles from circulation. The particles afe en-
gulfed by the cel; and Subséquently destréyed.by lysosoﬁal
‘enzymes (for review of iﬁvéftebrgte phagocytosis see 4,5,6).

Encapsulation and noaule formation also ére cellular
responses involving the circulating hemocytes° Encapsulé;_
tion generally occurs with foreign particles iarger than 10
um (6), Nodule formation is.similar to encapsulation and
occurs when microorganisms rexceed thé n@mber that can be
cleared Sy phagocytosis (1). Ihis process involves the
formétion of largé aégregates of-particles and hemocytes,
usually 5 to 30 layers, packeq tightly'against the foreign\
particle,. A cgpsule is formed against an ofgaﬁ or body

wall, trapping the invader, thus removing it from
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circulation, (1,2,6,7). The adhesion of the hemocyte§ to ™
the foreign particle is achieved.b;'a variety of Sticky
molecules formed during hemocyte degranulation. Encapsﬁl-
atibn.and nodule formation is usually accompaﬂied bi mglan-
ization of the aggregates.' Méianiza;ion is the result of
the prophenoloxida;e enzyﬁe cascade; beliéved to be trig-
gered by hemocyte degranulafion. This cascade broduoes
toxic quinones and meianin; yhich may then cause microbial
death; The prophenoloxidase cascade hés.éeen reviewea else-
where (8,9). | | |

Antimicrobiai proteins are a.third, humoral, component
of invertebrate defense.systemg. Antiﬁactekial facﬁo;s have
been found in a Qide variety bf.insects and show activity
towards both Grgm-negative and Gram-posifiﬁe bacteria; One
of the mo§t.widespread~antibacteria1 fac£or$ in invertebrate
hemolympﬂ is'lysozyme, which causes tﬁe lys&s of Gram;
positive bacterial cell Qallé»(A). The'cécropins énd'
attacins are non-lysozymél lepiddpteran antimicrobial
proteins that sh§w bfbad spectrum‘aﬁtibacterial acﬂivity
(1,10,11). Cecropins have Eeen shown to céu;e bacteriél
.lysis and may functian in membréné disrupfion-(1,TLL
Additional éecropin-iike.proteins have been identifiea i6\
dipierans (12), and havg been proposed to be wfdeépreéd in
iﬁsects (1. In addition, antiviral Hemolymph féctoré have

been identified in some insects (10).
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The cellular responses of phagocytosis and
encapsulation involve the interaction of foreién particles
with hemocytes. A prerequisite for ihis interaétioﬂ is the
recognition of foreiénnégs. In the vertebrate immune system
immunoglobulins and the cémplem;nt systeﬁ are_respopsible
for this initial recognition. ‘These components act és
opsonins, coating foreign particleé and targeting them for
removal by the macfophages. Héw do insects discriminate
Between self and non-self tiésue? Specificélly, do inverte-
brates have moiecules which fun§£ion in the rgcogﬁition.éf
foreign material?. | | |

Invertebrate hemolymph can cause the agglutination of

bacteria and vertebrate erythrocyte$ in vitro. This
agglutininaﬁing acﬁivity:is due to the preseﬁce of . soluble
polyvalent lectins, célled hemagglutinins, As lectins,
agglutinins recognize and bind’to sbecifio carbohydrate
residﬁes present on the surfaces of cells. Lectins have
been demonstrated in the hemolymph of a wide variety of
invertebrates, including the arthropods (13,14,15), and Fhey
are considered to be ubiquitous among 1ivfné organisms
(16,17). In insects, hemaggiutinins have been found in
grasshoppers (18,19), crickets (éO), flesh flies ' (21), cock-
roaches (22;23,24,), beetleé (25), locusts (26), and moths
(27,28,29).

Due to their carbohydrate ‘binding capacity, insect

agglutinins have been proposed to be- the initial recoghitqry
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step in pathogen clearance (30,31,32,33). Agglutinins, by
binding to carbohydrate residues on fo}gign particles, may
serve as the link between the invader and the hemocyﬁes
fespénsible for ehcapsulafidn or phaggc&tosis.

The following models have beén'proposed for the roles
of agglutinin in insect defense responses (7,21,30,31,33).

"1. ‘Agglutinins hay be membraﬁe'béund componenﬁs of the
circulating hemocytes. Aégiutiﬁin would then act direétly,‘
by binding the foreign pa}ticles via surface carbohydrateé,
causing the adherence of the foreign particlé fo the
hemocyte. | - |

2. Humorai hemagglutinins, circulating in the hemo-
lymph, may serve as opsonins. The agéiptinins would bind to
and coat foreign particles and as a resﬁlt of the aggluﬁinin
polyvalent nature, bind the invader to a‘phagocytic hemocyte
via specffic hemagglutinin carbohydrate receptors located on
the hemocyte surface. Thus the fdreign particle and hemo-
cyte would be crosslinked by an agglutinin bridge. |

3. Humoral hemagglutinins may help neutralizg foreign
particles by aéglutinafing the particles into iaréer
aggregates. This would then allow encapsulation or
ﬁodulation to proceed more efficient}y.‘

4, Hemagglutinins.may be involved in wound healing and
metamorphosis by Binding disiﬁtegrating pieces of tissue
thereby targetting them for removal. This mechgnism woﬁld

be especially relevant to holometabolous insects.




6

5. Hemagglutinins may not be directly invoilved in
insect defense. Rather they may serve aé-carrier molecules
for glycoprotein, glycélipid, and carbohydrate transport
processes. '

The proposed roles for agglutinin in invertebrate
defense systems are.mainly inferred from the capacity of
inverfebrate hemolymph to agglutinate bacteria ana yerte-
brate erythrocytes 1in liggg. :In addition, some'similar
recognitory lectin functions have beén demonstrated in ver-
tebrates (31). However attempts to define hemagglutinin
function in invertebrates have been inconclusive, ahd ;he
majority of these studies ‘have centered on ynoninsecf
species. These experiménts have generally conéentrated on
two possible roles for hemagglutinin, that of hémocytic
membrane-bound agglutinin, and a humoral hemagglutinin;
opsonin. |

In an attempt to establish the validity of the agglu-
tinin as a membrane-bound compongnt of hemocytes, re-
searchers héve tried to localize hemagglutinin on hemocytes.
This has been done successfully for three mollusc spécies
(34,35,36)., Using immunochemicél techniques, hemoéytés from

the snail Lymnaea stagnalis, (34) and the oyster (Crassostrea

surface hemagglutinin., In both cases antibodies directed
toward the hemagglutinin were prepared by injecting rabbits

with serum-agglutinated and washed rabbit erythrocytés. It
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was assumed that the hemagglutinin responsible for the
erythrocyée clumping was'the major antigenic- protein that
elicited antibody production.

In a similar experiment, Renwrantz and Stahmer (35)
demonstrated the présence of a éell membrane hemagglutinin
on the hemocytes 6f the mussel ﬂl&li&i edulis. For this
experiment, the anti~agglutinin antiserum was prepared by
injecting rabbits with Mytilus hemolymph, followed by
gffinity purification.of the antibodies on a Sepharose-
agglutinin column._

To date, hémocyte-ﬁssociated agglutinins have beeﬁ
demonstrated in four insectﬁépgcies (27,37,38,39). .Amirante
and Mazzalai (37) 1oéaiizéd hemaéglutinin in the cytopiésm
and on the plasma membrane of the granular and spherule

hemdcytes of the cockroach Leucophaea maderae L., and Yeaton

(27) demonstrated an agglutinin on the surface of plasmato-
cytes and in the cytoplasm of the granuiar hemocytes of the

silkmoth, glgloghoré cecropia., Both of these studies

utilized anti-agglutinin antisera prepared in rabbits in—
jected with hemoiymph-agglutinated rabbit er;throcytes.
Similérly, Lackie (38), using an éﬁtibody directed against
purified lectin, showed that the hemagglutinin from the

cockroach Periplaneta americana is associated with all hemo-

cyte types in that insect.
Using an alternative technique, Komano and associates

(39) demonstrated hemoéyte;associated hemagglutinin in the
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flesh fly S3arcophaga perigrina. Purified'flesh fly agglu-
tinin was radioiodinated with 1251, This labelled lectin
wés then shown to bind to hemocytes in vitro. This associ-
ation with hemocytes appears to be mediated via lectin-
cérbohydrate interactions, as binding was completely in-
hibited by galactose.

The standard method for demonstrating hemagglutinin
opsonic aétivity consists of the addition of seruﬁ-treated
or serum-untreated test particles to hemocytes in vitro., If
opsonic activity is pfesent, serum prétreatment will
increase the binding or phaéocytosis of-thg particles,
These experiments most often use mammalian erythrocytes as
the test particle,; thus the ?ole of hemagglutinin‘as the
serum opsonin is inferred'from the in vitro agglutination of
the test particles., 1In this manner, a séhum opsonin:has
been demonstrated in the hemolymph of the mussel ﬁlgilgg
(35) and the snail Lymnaea (40). Similarly,'a se}um.opsonin
from the snail Helix pomatia has been studled ig lilé-
Renwrantz and colleagues (41,42) have demonstrated that the
elimination of mammaiian erythrocytes and yeast cells from
the circulation of the snail is greatly increased by pre-
treatment of the partlcles in snall serum. Clearance of
these partlcles can be 1nh1b1ted by N- acetylated hexos-
amines. As before, the humoral factors respon51ble for

recognition of the foreign-partlcles were believed to be

hemagglutinins,
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A more precise determination of the opsonic activity of
molluscan hemagglutinin has been attehpted by Renwranté and
Stahmer (35). The agglutinating activity in Mytilus hemo-
lymph was isolated by affinify chromatography on Sepharose-
mucin. This purified material, which s£iil exhiSited
erythrocyte agglutination, was then used fo pretreat yeast
cells prior to phagocytosis assays. Mytilus hemocytes
phagocytosed agglutinin-incubated yeast cells much more
readily than saline-incubated yeast cells. The phégocytosis
stimulating activity of the isolated hemagglﬁﬁinin was coﬁ—
parable to the activity of Mytilus hemélyﬁph. In MXEELEE’
hemagglutinin appears to have opsonic properties in vitro.

Attempts to demonstrate.thé presence of hemolymph'pp—
sonizing factors in insects havé been unsuccessful
(43,44,45), Insects studied for the presence of serum op-

sonins have been the cockroaches Blaberus craniifer (43),

and Periplaneta americana (44,45), and the stick insect

Clitumnus extradentatus (45). "In each case hemoc&tes, in-
cubatéd lﬁ vitro, with heﬁol&mph-pretréated particies failed
to show increased adherence or phégocytosis. In fact, Scott
(44) and Rowley a;nd Ratcliffe (45) found that sheep
erythrocytes iécubated in hemolymph adhered less avidly to
heﬁocytes. |

In a related study, Pendland and Boucias (29) have
shown that a purified lectin from fhe_beet armyworm 5inds to

fungal cell wall surfaces. ‘Binding of the agglutinin to the
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fungus was de£ected by incubatiné spores wifh fluorescence-
labeled agglutinin., Although bindiné to the spore would be
a prereqdisite for hemagglutinin opsonic activity, phago-
cytosis experiments were not done, leaving the question of
the function of the hemagglutinin unanswered.

To date, experiments on insect hemagglutinins have not
supported an opsonic role for the lectins. However, no
purified hemagglutinins have beep tested for épsonic
activity. It may:bé that iﬂ‘liEiQ opsonic activity of
agglutinins in insects is maéked when using molécularly'
complex whole hemolymph preparations, ‘Therefore,‘usc of
pgrified insect serum ih phagocytosis studies shﬁuld prove
valuable. In addition, due to the large number of‘insect
;pecies and their morphogenic diversity, opsonization
studies in ohly three species cannot give generally con-
clusive Eésults.' Additionalnstudies on insect hemagglu-
tinins are necessary before generaiizations on.their role iq
defense reactions can bé made. -

Grasshoppers (Melanoplus differentialis and Melanoplus

sanguinipes) contain a hemolymph hemagglhtinin (GHA) which

agglutinates humanasia;o'erythrocytes as-well as weakly
agglutinating several other animalerythrocytes (18,19).
Biochemical characterization has shown that a single hem-
agglutinin accounts forlall observed hemagglutination
activity (46). The hemaggiutinin has been purified by

affinity chromatography and exists as a 600-700 Kd molecular
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welght noncovalent aggregate of 70,000 molecular weight
subunits (46), Hemagglutination of asialo_human'eryth?o-
cytes can be inhibited by é-broad-rénge of'carboh9drates
"including D-galéctosidic and D-giﬁeosidié residues. Grass-
hopper agglutinatioﬁ can élsolﬁe inhibitea by EDTA and shéws
a requirement for calcium'(19,46). :Moﬁo-specific rabbit

polyclonal antibody and a mouse monoclonal antibody directéd

towards purified M. differentialis agglutinin have been
developed. Both antibodies show‘Specifieity towards the

70,000 molecular weight hemagglutinin subunit on Western

blots of M, differentialis and M. sanguinipes whole hemo-
lymph (47).

Deseriptions.of the possible role of grasshopper hemag-
glutiﬁin in the insect's defense System have not been ré;
ported in the literature., I propose to study this role
using an approach similar to that used for the molluscan and
insectan species described'above; The availability of
agglutinin-specific antibodies and purified GHA shouid
provide this study with more definipive probes 1in the
examination of possible roles for gfasshopper hemagglutinin

in insect defense mechanisms.
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RESEARCH OBJECTIVES

The specific objectives of this study are:

1. To localize grasshopper hemaggiutiﬁin in hemocytes

from Melanoplus differentialis and Melanoplﬁs sanguinipes.

This will be achieved by the development .and appiicatiqn of -
appropriate immﬁnochémical labeling pfocedures to detect the
hemagglutinin. |

2. To examine the possible opsonic character of insect
hemagglutinin using the hemolymphatic hemagglutinin isolaﬁed

from M. differentialis. This will be achiéved by Studying

hemocytic adherence or phagocytic response to particles

pretreated with hemolymph or purified hemagglutinin.
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MATERIALS AND METHODS

Purification and Detection

Collection of Hemolymph

Adult M, differentialis and M. sanguinipes were pro-~

vided from permanent colonies at the USDA Rangeland Insect
Laboratory, Bozeman, MT, ﬁemolymph was collected by a
capillary pipette from,individﬁal cold-anaesthetized inseéts
as previously described (18). The hemolymph was pipetted
into an equal volume of céld,Dulbecco's phosphate buffered
sgline (DPBS) (1.5 mM KH,PO,, 8 mM Na,HPOy, 0.9 mM CaCl,,
2.7 mM KC1, 0.5 mM MgCl,, 0.135 M NaCl, pH 7.2) which con-
tained 0.001 M phenylthiourea (PTU) to inhibit melanin
formation and 0.001 M phenylmethylsulfonyl fluoride (éMSF)
to inhibit proteolytic destruction. Hemocytes and coagu-
lated matérial were removed by centrifugation at 3000 x g

and the hemélymph supernatant solution was stored at -20°C.

Hemagglutination Assay

Preparation of Asialo Human Erythrocytes. Human o+

erythrocytes were obtained from Bozeman Deaconess Hospital
(Bozeman, MT). Erythrocytes were washed four times by
centrifugation at 4°C in DPBS. Asialo human erythrocytes

(AHRBC) were prepared by incubgting erythrocytes for 1 hr at
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37°C with 2 mg neuraminidase (type V, Sigma Chemical Co.,
St. Louis, MO) in 10 ml DPBS,.pH 5.7. The asialo érythro-
cytes were washed four times ﬁy centrifugation at.4°C in

DPBS prior to usé.

Hemagglutination Assay. Hemagglutination activity was

'assayed by serial two-fo;d dilution of 25 ul Hemagglutin-
apion sample (whole hemolymph or purified agglutinin) with
25 ul DPBS using plastic V-bottom microtiter dishes
(Dynatech Labs, Inc., Alexandria, VI). and addition of 25
Ql of a 2.5% suspension of'asialo human erythrocytes, Agélu-
tination was viéually determined after 1 hﬁ. The recipro-
cal of the highest dilution causing agglutinafion of

erythrocytes was the hemagglutination titer.

Purification of Grasshopper Hemagglutinin

Affinity Chromatography. The purification method out-

lined below represents a slight modification of a procedure
repbrted elsewhere (46). Grasshopper hemagglutinin was
purified by affinity chromatography on a column of
Sepharose-galactosé. A 0.5 x 2.5 em column (0.5 ﬁl’ of

Sepharose-galactose was prepared and washed with 50 volumes

of DPBS. Approximately 35 ml M. differentialis hemolyﬁph

was passed through the column (6 ml/hr) at 25°C. The column
was then washed with HEPES bﬁffer (0.01 M N-=2-hydroxyethyl~

piperazine-N-Z-ethaﬁeéulfonic acid, 0.15 M NaCl, 0.9 mM
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CaC;Z, pH 7.2) until the 280 nm absorbancy of the effluent
returned to near zero. Bound hemagglutinin was reléased
from the colgmn upoh e{ution with HEPES buffer cdntaining
0,1 M alpha-méthyl-D;galactoside. The elution buffer‘was
added in 1.5 ml aquuots, with the coiumn stopped-bétweén
additions and allowed to incubate for 2 hé&?s at 25°c.
Hemagglutinin activity of thg aliquots was determinéd“by
hemagglutination assay using asialo human Q+»erythrocytes as
described above. | |

In addition to purifying‘hgmagglutinin by this'modified
technique, hemagglutiﬁin was isolated by the previously
reported procedure. -In the original brocedurel all column
washgs were in DPBS, and elution of aggiutinin was perfgrmed

in DPBS containing 0.2 M galactose.

Concentration. Purified hemagglutinin samples obtained
from the above procedure were concentrated to remove the
eluting carbohydrate. The agglutinin wés concentrated ap-
proximately 20 fold in DPBS using a 30,000 molecular'weight
cutoff microconcéntrator (Amicon, Corp., Danvers,'MA). The
concentrate was then returnéd to the original volume with
DPBS and titered to deterﬁine hemaggiutina;ion actiyity.

Production of Agglutinin-specific
Antibodies . S

Monclonal Antibodies. Agglutinin specific monoclonal

antibodies (MAB) were prepared previous to this study (47).

Purified M. differentiali§ hemagglutinin was prepared by
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affinity chromatography and used to immunize mice. Mouse
spleen ceils were then harvested and fuséd with mouse X-63
myeloma cells. Hybrids were selected and cloned according
to the methods of Kohler and Milstein (48). Hybridomas
producing hemagglutinin specific antibody were identified by
detection of hemagglutinin on Wesfern blots. Hybridoma
supernates from these clones were collected and concentratéd
5-fold in an ultrafiltration cell (Amicon Corp., Daﬁvers,
MA). Concentrated supernaﬁant solutions weré storeq at
"-50°cC. Frozen supernates were thawed and dilutedin an
appropriate buffer to.return tﬁem to their original concen-—

tration prior to use,

Rabbit Polyclonal Antibodies. During-the course of
this study, monospecific rabbit‘polyclonal antibodies were
prepared in our laﬁ byla coworker (47). Two female New
Zealand white rabbits were immunized with 1OQ ug purified M.

differentialis hemagglutinin according to the multiple

intradermal injection-method éf Vaitukaitis (49). The
affinity purifigd antigen tagélutinin) was subjected to
sodium dodecyl sulfate (SbS)-polyacrylamide gel electro;
phoresis ‘and eleétro-transfered to nitrocellulose paper,
The agglutinin-bearing nitrocellulose was dissolved in
dimethyl sﬁlfoxide (DMSO0) aécording to the method of Knudsen
(50). The‘solubilized antigen w;s theﬂ emulsified in an
equal volume of complete Freund's adjuvant and injected into

the animals at weekly intervals. For each rabbit, control
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serum was obtained before injection, and antiserum was
harvested 8 weeks after immunization. Specificit& of the
antiserum was confirmed by Western Blots of hemolymph ana

purifed agglutinin.

Detection of Grasshopper Hemagglutinin

Western Blot. Grasshopper hémolymph and purified’
hemagglutinin were sgbjectea to electrophoresis iﬁ SDS-
polyacrylamide gel slabs using phe apparatus and procedures
from Hoefer Scientific (San Francisco, Ca). The stacking
gel was 4%, pH 6.8, and the separating gel was 7.5%, pH 5.8,
according to Laemmli (51).' Electrophoresis was at 15 mA/gel
until the proteins entered the separating gel (approximately
i hr), then amperage was increased to 30 mA/gel fér 3 hr.

Proteins separated b& SDS-electrophoresis were trans-
ferred from. the ﬁolyacrylamide gel onto nitrocellulose
filter paper (Schleicher and Schuell, Keene, NH) using a
Hoefer TE 42-Trapsphor Electrophoresis Cell., For review,
see Gershoni and Palade (52). 'Proteins were blotted in
transfer buffer (25 mM Tris, 192 mM glycine, 20% methanol,
pH 8.3) for 90 minutes at a current.of 0.8 A. Following
transfef, the nit;ocellulose was staihed_either with Amido
Black (0.1% Amido Black 10B inm 25% 2-propanol, 10% acetic
acid, destained with 25% 2-propanol, 10% acetic acid), or by
immunochemical meéns with the agglutinin-specific MAB,
followedvby a horseradish beﬁbxidase (HRP)hlabelled secoﬁa-

ary antibody (Appéhdix h).
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Con A Probing. Purified grasshopper hemagglutinin sub-

jected to eleetrophoresie and blotted to nitrocellulose was
probed with biotinylated-~Concanavalin A (EY Labs, Sao
Mateo, CA) to detect possible{eontaminating glycoproteins.
The nitrocellulose waS'inoubated in-a 5 ug/ml dilution of
Con A in Trisftween buffer (0.05 M Tris, 0.5 M NaCl, 0.05%
Tween-20, pH 7.2) using the Hoeffer PR;200 decaprobe. The
nitrocellulose was then given three 5 minute yashes in Tris-
tween, followed by inoubation'in HRP~conjugated Avidin (EY
Labs) at a concentratlon of 1- ug/ml in Tris- tween. .Simul-
taneous with this incubation, additional nltrooellulose
lanes were 1ncubated in the agglutinin- spe01flc immunochem-

icals, and all lanes were then developed as descrlbed

(Appendix A).

Silver Stain. Hemagglutlnln purlfled by the modified

aff1n1ty chromatography procedure was subgected to SDS—
polyacrylamlde electrophore31s, ‘'with subseguent silver
staining of the gel. The silver stain method_of Morrissey

(53) was employed.

Localization

Hemolymph Probing

To determine p0531b1e in vivo receptors for GHA, hemo-

lymph from M. sangulnlpes was subJected to SDS polyacryl-
amide gel electrophoresis and transferred to nifrooellulose.

Individual sample lanes in the Hoefer decaprobe-ﬁere then
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incubated for-2 hr in either M. sangﬁinipes whole hemolymph

(diluted 1:1 in Tris-tween), or'left.untreatéd. The
nitrocellulose was given three 10 minute washes in Tris-
tween, then all lanés were immunostained with horseradish

peroxidase labeled conjugate as described in Appéndix A,

Formation of Hemocyte Monolayers

Hemocyte moﬁolayers weré prepared in either 24 well
plates (Nunclon, Denmark), or on 20 mm square glass
goverslips placed .inside 35 mm tissue culture dishes (Becton
Dickinson Labware; Lincolﬁ Park, NJ). Adult grasshoppers
were bled by capillary pipefte as p}eviously described. The
hemolymph was pipetﬁed into thé'culturé dishes containing 1
ml cold bPBS to which-had been added 4 ul/ml glycerol (to
increase osmolarity to 400 mOsm), and 0;65 mg/ml glutathione
(to prevent melanization). After 20 minutes at room
temperature the hemocytes héd spread and adheredfto the
bottom of the weils ér glass coverslips. fhe hemocyte
monolayer was then washed,by Pasteur pipette; with DPBE
(adjusted for osmolarity) to remove hemolymph and non-

attached cells.

Lysing Hemocyte Monolayers

Hemocyte monolayers formed in 24 well plates were lysed
for subsequent Western blot analysis. Lysis was'carfied out
by incubating monolayers for 1 hr in 100 ul 2% Nonidet P40

(NP—#O; Bethesda Research Laboratories, ‘Gaithersburg, MD) in
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DPBS. Lysates were stored at -20°C until subjected to

electrophoresis.

Indirect Immunofluorescent Staining (IFA)

Fiked ﬂoﬁolayef Hemoéytes. Genefally, the method Qf
Willingham and Pastan,(54) was followed, and the staining
procedure is outlined in Appendix B. Monoiayer hemocytes
were fixed in 3;7% formalin in DPBS fo; 1. hr, 4°cC.
Monolayers were tﬁen incubated in the conéentrated mono-—.
clonal antibody suéernates, diluted to their original
volume with DPBS. The monolayers were then waSheq} then
incubated in a fluorescein conjugated-goat-anti mouse IgG
(Hyclone Labs, Logan UT)., The cells were again washed and

mounted on glass slides .for observation,

Fixed Hemocyte Suspensions, Hemocyte suspensions were

prepared by bleeding cold-anaesthetized grasshpppers
directly into bolypropylene tubes containihg 1 ml ice-cold
3.7% formalin in DPBS., Fixation continued for 1 hrAat 496.
The hemocytes were then washed three times By gentle centri-
fugation (950 x g) and resuspeﬁdea in DPBS. Susﬁended
hemocytes were'stained'unde} identical conditions as that
outlined for monolayers, with all incubations occurring in

polypropylene tubes on a rocking table.
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the following exceptions. A11 solutions were adjusted to
HOQ mOsm by the addition of glycerol, gnd all incubatiqns
occurred at 4°c. In additidn,'the monoclonal aﬁtibody
solution was heat treated (56°C for 30 minutes) to in-

acti?ate complement.

Horseradish Peroxidase Enzyme
Immunoassay (EIA) Staining

indirect Enzyme Immunoaésay. Staining prbcedure for
the indirect EIA technique was similar to that for immuno-~
fluorescence (Appendix. B). Fixéd monolayer.hémoéytes were
incubated in monoclonal antibody, wasﬁed, £hen incﬁbated in
a horseradish péroxiaaée—conjdgatéd secondary antibody. The
HRP-conjugated goat anti-mouse IgG (BioRad, Richmond, CA)
‘Wwas diluted 1:100 in cémplete Iscove's Modifiéd Dulbécco%
Medium (IMDM) (Gibco Laboratories, Grand Island, New YbrkL
The monolayers were then washed, and incubated in.deyeloper
solution (0.5 mg/ml diaminobenzidine, DAB, 0.01% hydrogen
peroxide, in 0,05 M Tris, - pH 7;2) for 30 minutes, The
hemocytes were washéd for 10 minutes in0.0S‘M Tris, and

mounted under glycerol diluted 1:1 with DPBS.

Avidin-Biotin Complex. Monolayer hemocytes were

stained for agglutinin using the reagents and protoéol pf én
avidin-biotin complex tABC)kit (Vectastain Léboratorigs,
Burlingame, CA). Fixed hémocy@es were first breincubated in
whole goat serum, followéq by two fi?e'minute wéshés in

DPBS. The monplayers were then'inéubated in monoclonal
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antibody for 1 hr, followed by three five minute DPBS
washes. Biotinylated=- goat antl-mouse IgG (1: 100 in complete
IMDM, 0.1 M galactose) was used as the secondary conjugate,
The monolayers were washed in DPBS for 15 m1nutes and incu-
bated in the Vectastain bietin/avidin complex for 30
minutes, according to kit directiops. The cells were agaip
washed for 15 minutes and developed in DAB.substrate for 30
ﬁinutee. After an additional "10 minute'wash in DPB§ the

cells were mounted under glycerol-DPBS.

Immunocytochemical Controls

Contrdls‘for nonspecific ahtibody binding were included
for each immunocypochemical lapeliné experiment., 1In place
of the primary adtibody, control antibodies were either
normal'mouse serum (Cappel Laboratories, Cochranvil}e, PAa)
at 1 ug/ml in complete IMDM, or an irrelevent mouse mono-
clonal antibody supernate prepared by Dr. Mickey McGuire

(USDA Rangeland Insect Laboratory, Bozeman, MT).

Photomicroscopy

All hemocytes were obseryed under either phase ‘contrast
or 490 nm blue 1light (for FITC'fluorescence) using an
Olympus BH-2 microscdpe with a reflected light fluorescence
attachment, Black and white photographs were taken with
Kodak 400 ASA Tri-X pan film, quer.photographs were taken.
with Kodak udO~ASA Ektachrome, Exposure times for

fluorescence varied from 30 to 60 seconds, depending upon
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the intensity of the stain.

Opsonic Characterization

Phagocytosis by Monolayer Hemocytes

Test Particles. Live monolayer hemocytes were

incubated with the following particles: Asialo human

erythrocytes (HRBC) at a concentration of 1000 HRBC: 1

hemocyte; Nosema locustae spores, 20 spores: 1 hemocyte; and

Bacillus thuringiensis bacteria, 100 bacteria: 1 hemocyte.

A11 incubations were performed in moist chambers at room
temperature for 90 miﬁutes. The hemocytes were then wached
to remove nonadhering pgrticlés, and were observéd for
particle adherence or phagocytosis by ﬁicrbscdpic examina-

tion.

Immunostain of Phagocytic Hemocytes. Hemocytes

incubated with Nosema spores were also subjected ¢to

indirect immunofluorescence staining. The hemodytes were
incubated in Nosema for 90 minutes, washed, and fixed in

3.7% formalin in DPBS. The hemocytes were then probed for

the presence of agglutinin as described (Appendix B).

Carbohydrate Inhibition. Dependence of particle.

adherence or phagocytosis on carbohydrates was determined by
incubating the particles on the monolayer in the presence of
various agglutinin-specific carbohydrates (as determined by

Stebbins and Hapner; 46). Hemocytes .were incubated in the
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carbohydrates (0.7 M in DPBS) for 15 minutes, then the
particles were added to the monolayers in the pre;ence of
carbohydrate. Conprols_consisted of mbnolaye;s in which a
non-inhibitory carbohydrate Was usedifor incubatién, and

monolayers in which DPBS was substituted for the carbo-

hydrate solution,

Opsonization. Opsonic properties of hemagglutinin were

studied by overlayering live monolayer hemocytes with

that had or had not been previously incubated in varying
concentrations (1:8, 1;32, and 1:256 in‘DPBS) of whoie
hemolymph or affinity purified agglutinin, Pretreated par-
ticles were incubated in.whoie hémolymph or purified aggliu-
tinin for 30 minutes, then overlaiq on the monolayer while
still in the incubating solupioﬁ.‘ In a second expériment,
particles were pretreated as before, only subjected to.a
wash by centrifugation and resupendéd in DPBS prior to
overlayering the monolayer. Due to the tendency of erythro-
cytes £o clump during some of the hemolymph and aggldtihih
incubations, erytbrooytes were ejected through a é3 gauge
needle prior to éverlaying the monolayers, Control par;

ticles were incubated in DPBS, otherwise treated identically

to the experimental particles.

Hemocytic Agglutinin Receptors. Monolayers of live

hemocytes Were,incubatgd'for 30 minutes in purified
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hemagglutinin (approximately 5 ug/ml in DPBS) prior fo over-
layering with erythrocytes and Nosema spores, |

Live hemocytes incubated with agglutinin were also
subjected to immuﬂofluorescence assay-to detect possible
hemocytic agglutinin binding sites. After incubation in
agglutinin the hemocytes were fixed in 3.7% forme;lin-DPBs
and subjected to the normal-immuﬁofiuoféscence-protocoi

(Appendix B).

Blocking of Phagocytosis with Immunochemicals, Live

monolayef hemocytes were preincubated in monoclonalyantibody
and Nosema spores were then added té the monolayer while
étill in antibody solution. The monolayers were incubated
in a moist chamber for 1 hr. As a negative controi, addi-

tional monolayers were incubated in mouse whole serum (1

ug/ml in complete IMDM) instead of MAB.

Data Analysis’

Six to ten female M. differentialis adults were used to

form the monolayers for each of the above opsonization ex-
periments. The percentage of heﬁocytés with adhering or
phagocytosed particle; and the average number of particles
per hemocyte with one or more particle was determined fof
each monolayer by observing 500 hembcytes in randomly se-
lected microscopic fields, Levels of significance'for dif-
ference of means were determined using the Student-t test.

The level of significance for each experiment was p<0.05.
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RESULTS

Purification and Detection

Purification of Grasshopper Hemagglutinin

Grasshopper hemagglutinin is routinely purified in our
laboratory by affinify-cﬁromatography on Sepharose-
galactose, Previous purifieations have used 0.2 M D-
galactose in DPBS .as the elutioﬁ buffer,‘and on average
isolates approximately 356 ug protein., Typical results have
been published elsewhere (46). _For the purposes of this
study the technique was modified by incorporating 0.1 M
a1pha-methy1-D-galéctoside in 0.1 M HEPES as the elution
buffer. Alpha—methyl;D-galactpside~was‘added.to thé column
in aliquéps,,and incubated for seyerél hours pridr to
elution, as opposed tola cbntinuous elution with galactose,
Hemolymph prior £o application.to the column had a hemagglu-
tination titer of 4096. The titer value of hemolymph
emerging from the column was 32, indicating that approxi-
mately 99% éf the original activity was bound to the affin-
ity matrix. Tybical hémagglutination activity of the
purified agglutinin aliquots was in the range of 4096-8192.
This technique resulted in the isolation of about 700 ug of

hemagglutinin from 35 ml M. differentialis hemolymph

sample, as determined by a modified Lowry protein aséay
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(55), This is double the yiela of the previous purificatidn
method, and is due to the 1ncorporat10n of alpha-methyl D-
galactoside, a more effectlve competltor for the lectln, in
the elution buffer, and the increased time of elution used,

After concentrating and Qashing the purified‘agglutinin
to remove the carbohydrates uSed'fo;-elution,_the titer
dropped to.512-1024, repreéentiné an 8-fold loss 1in
hemagglutination éctivity."This loss 'in activity is
presumably due 'to égglutiﬁin precipitating ‘o.n tﬁg
microconcentrator membrane, ‘ |

Immunochemical Detection of Grasshopper
Hemagglutinin by Western Blot Analysis

Both the agglutlnln-speclflc monoclonal éntibody,and
the rabbit polyclonal antlbody detect hemagglutlnln in
Western blots of whole hemolymph and pur1f1ed agglutlnln
preparations. Staining of hgmagglutlnln is speclf;c, ‘as no
other hemolymph proteins are immunostained. Wgstern
biotting and immunochemical staining of hemégglutinin can
provide an accurate and sehsifiQe'technique for the
detection of agglutinin in gompiex pixtures of proteiqs;

M. differentialis hemagglutinin -is often detected as a

doublet band of approximate molecular weights 59,000 and

53,000 (Fig. 1). lﬂ; sanguinipes hemolymph contains an

.antlgenlcally similar hemagglutlnln that also 1mmunosta1ns
as a double band of molecular welghts 59, OOO and 53 000.
These two bands indicate a slight‘agglutinin hetenqgeneity

/
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Western blot of whole grasshopper hemolymph and
affinity purified agglutinin showing agglutinin-
specific staining by both mouse monoclonal and
rabbit polyclonal antibodies. Lanes 1,2,4 con-
tain hemolymph, Ulanes 3,5 purified hemagglu-
tinin. Lane 1 was stained with Amido Black,
lanes 2,3 with monoclonal antibody, lanes 4,5
with rabbit polyclonal antibody (AGG-agglutinin).
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in grasshoppers. These results are slightly different from
previously published determinations of the grasshopper
hemagglutinin molecular structure. Earlier, Stebbins and
Hapner (46) had reported a single band of molecular weight
70,000 when,purified.hemagglutinin wag examined by
electrophoresis iﬁ SDS polyacrylamide gels "and stained with
Coomassie Blue G-250." In their procedure, electrophoresis
was carried out at'30 mA/gellfor 3 hf, while in the
presently reported procedure electrophoresis was at 15
mA/gel for 1 hr,lthen 30 mA/gel f@r 3 hr., This initial low
amperage allows for.bettef stacking of the protéins at the
stacking~separating gel interface. This would £hen allow
for greater protein separafion and may cause the.increased
disassociation of hemagglutinin from the other hemolymph
components, Thus the molecular weight of SDS-denatured
hemagglutinin may be more accurately fepresénted as 53,QOO

to 59 ’0‘00.

Concanavalin A probing

Seven horseradish peroxidase stained bands were ob-
served,when hemagglutinin purified by the techniqﬁes pre-
viously reported in the literature (46) was subjected to a
modified Western blot-Con A probe (Fig. 2). .One of these
bands may correspond to the immunochemica;ly detected agglu-~
tinin band. ‘These bands fepresent humoral molecgles bound
by Con A. Con A is a plant lectin specific for alpha-D-

mannose and glucose residues. The Con A bands presumably
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Modified Western blot-Con A probe of purified
Lane 1 contalns puri-

grasshopper hemagglutinin.

fied agglutinin incubated in Concanavalin A, lane
2 contains purified hemagglutinin Immunostained
with monoclonal antibody (AGG-agglutinin).
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represent glycoproteins that were copurified with hemagglu-
tidin. ‘A similar érobe of hemagglutinin isolated by the
mo&ified technique reported inlfhis study identified no Con
A binding sites; in&icating nb'detgctéble glycopr&tein
contaminants., Thus, the mbdifigd purﬁfieati&n teéhhiéue.may
represeﬁt a significént-improvement over the‘previously

reported purification method.

Silver Stain

A silver stain of SDS polyacrylamide gels containing

/

the M. differentialis hemagglutinin purified by the modified

_technidue reported in this study -produced one major'pbotein
band of molecular weight 59,000, and a minor band at 56,000
M.W. (Fig. 3), both of_which hgve been shown to be antigenic
on Western blots of GHA (47). At loéds of 5 ug protein per
léne, only one slight contaminant was detected, at 5 molg-
cular weigh£ of 70,000. The modified purific;tion technique

thus provides a convenient method to obtain pure grasshopper

hemagglutinin for subsequent opsonization studies.

Localization

Hemolymph Probing

Potential in vivo binding sites for grasshopper’
hemagglutinin were assayed by a modified Western blot-

hemolymph probing experiment (Fig. ). Electrophoresed M.

sanguinipes hemolymph was blotted to nitrocellulose, then

incubated in additional M, sanguinipes hemolymph. Upon
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Figure 3. SDS-polyacrylamide gel electrophoresis fTollowed
by silver stain of whole grasshopper hemo lymph
and affinity purified hemagglutinin. Lane 1
contains 30 ug of affinity purified hemagglu-
tinin. Lane 2 contains grasshopper hemolymph and
lane 3 contains molecular weight markers (AGG-
agglutinin).



Figure 4.

Modified Western blot and hemolymph probing
experiment. Lane 1 contains whole Memo lymph
stained with Amido Black, Blane 2 contains whole
hemolymph incubated in whole hemolymph prior to
immunostaining, and lane 3 contains whole
hemolymph that was immunostained (AGG-agglutinin)
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immunostaining, six Bands were identified. One of these
bands correspondgd to the hehagglutinin band typicaily seen
in Western blots of whole hemolymph. The additional bands
were sites where hemagélutinin-has bound to other hemolymph
components during the hémoly;ph pr&bing step. These bah&s

may represent possible humoral receptors of hemagglutinin.

Immunochemical Localization of Agglutinin
in Hemocytes .

These results describe localization of hemagglutinin in

M. differentialis hemocytes. Similar studies with M.

sanguinipes hemocytes were performed and yielded virtually

identical results.

Descriptipn of Monolayer Hemocytes

Grasshopper hemocytes strongly adhere to both plastiec
culture dish surféces and glass coverslips. Monola}ers
formed on glass show slightly better definition of the
hemocyte membrane and’meﬁbrane extensions. Monolayéfs.
formed on éléss coversliés were then used for thelfollowing
studies. Generally, two typés of hemocytes are seen in
grasshopper monolayers (Fig. 65). Granular cells (granﬁlo—
cytes) are the most prominent and often constitute approxi<
mately 95% of the monolayer cells., These cells are charac-
teristically granular and often spread in a fibroblast-like
appearance. Granular cells average 10-30 um in diameter.
Granular cells are relatively wunstable, and live

granulocytes will easily burst in the presence of whole
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Figure 5 Phase contrast photomicrograph of monolayer hemo-
cytes from differentialis. G-granulocyte, P-
plasmatocyte (250x).
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hemolymph or antibody solutions. 1In contrast, plasmatocytes
are few in numbér,often numbering 6nlyu-8% ofthe'cellé in
the monolayér. Plasmatocytes are Agranular, ana are more
stable than granular cellé; flasmatocytés can Ee-as large
as 40-50 um in diameper, have a centrally located nﬁcleus,
and offen display a.fuffled.outer‘membrane. This can give

these cells a fried-egg appearance, For a comprehensive

review of insect hemocytes see Gupta (56).

Western Blots of Hemocyte Lysates.

Monolayer hemocyte; wefe lysed in 2% NP-40, which
disrupted and solubilized the cell membrane and cytoplasm,
but left the nucleus intact. This pro;ided a nonviscous
lysate which was amenable to SDS-PAGE. Figure 6 showsAthe
results of a Western biot analysis of individual female M.

differentialis hemocyte lysates. A doublet band of

molecular weights 59,000 aﬁd'53,000 was detected by the
agglutinin—speéific monoclonal antibody. This indicatés
that grasshopper hemocytes do‘coﬁtain heﬁégglutinin whicﬁ is
similar in electrophorétic péttern to the huméral hemagglu-

tinin.

Immunofluorescent Localization

Unsuitablility'gi Rabbit Antisera. Mouse .monoclonal

J
antibody was the antibody used in all the following

- ' J
immunocytochemical localization experiments due to high

background>fluorescence éncouhtered‘with the rabbit
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Western blot of hemocyte lysates. Lanes 1,2,3,6
contain differential is hemocytes lysed with 2%
NP-40. Lanes 4,5 contain whole grasshopper hemo-
lymph. Lanes 5,6 were stained with Amido Black,
lanes 1,2,3,4 were probed with mouse monoclonal
antibody TfTollowed by HRP-conjugated secondary
antibody (AGG-aggl utinin).
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antisera. Fixed monolgyer hemocytes subjected to the
immﬁnofluorescence prgtocoi using fhe rabbit antiséra as the
primary antibody showed no différence in étaining'iﬁtehéitQ
over control hemocytes incubatea in rabbit preimmune serum.
Purified rabbit IgG at‘f'ug/mi was aléo observed to bind
nonspecifically to grasshopper hémocytés;:prbduéing high
background fluorescence. This nohfépecific binding of
rabbit IgG to hemocyteé qoulﬁ not be inhibited by changing
the fixative to methanol, or by the addition of 0.2 M
galactose or 10 mM EDTA“to fhe antibody soluﬁions. Similér‘
non-specific binding wés opserved for 1live hemocytes‘
incubatgd.in rabbit immunoglobulins, Non-spécific bipding
of purified goat'or ﬁouse igG was never shown to be.a
problem, It appeafs that grasshopper hemocytes contain a
receptor specific for rabﬁit gamma globulin, possible
similar to vertebrétg Fe receptors. This ﬁakes raﬁbit
immunoglobulins.ﬁnsuitable for immunocytochemicai staining

techniQues_iﬁ grasshopperé.

Monolayer Hemocytes. Figure 7 shows a series of photo-
micrographs of fixed monolafer hemocytes thaf were squected
to the indirect immuﬁofluorescence staining process.
ﬂemocyteé that éohtain the hemégglutinin'exhibit bright
apple-green fiuoreécence, characteristic of fluorescein.
Fluorescence éppears to be cytopiasmic, with areas of
intense, granular, staining. Fluorescenf labeling of the

‘hemocyte membrane was not observed. Staining was found only




Figure 7.
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«

Phase contrast and fluorescence (45 sec, 400 ASA)
photomicrographs of fixed mono layer hemocytes
from ). diffarential is. subjected to indirect
immunofluorescence stain for grasshopper hema-

gglutinin. A-Hemocytes were incubated 1iIn
agglutinin-specific monoclonal antibody followed
by FlI1C-conjugated secondary antibody. B-

Hemocytes incubated in mouse whole serum followed
by FITC-conjugated secondary antibody as a nega-
tive control (G-granulocyte, P-plasmatocyte;
250x) .
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among granulocytes, where apbroximately 22% of the cells
stain., This percentageais somewhat variable among
individual grasshoppers.’ Plasmatocytes éhowed no
fluorescent staining.. Similar staining patterns were seen
among both female and male adults and fifth instar nymphs.
01d grasshoppers, and those with typical colony diseases

(e.g. Malameba locustae infection) generally show similar

staining patterné, although- the hemocytes often appear

vacuolated,

Suspended Hemocytes. Fixed, suspended hemocytes

exhibited immpnofluorescent staining results similar to
those for monolayer hemocytes.. Approximately 20-25% of the
hemocytes stain for the presence of agglutinin, and staiping
is again confined among the granular cell tyées.
Identification of the stained cells was 1inconclusive,
however, as suspended cells were not as easily identifiable

as spread monolayer hemocytes,

Live Hemocytes. In an attempt to label agglutinin

bound to the hemocyte plasma membrane, live hemocytes were
incubated in the agglutinin-specific MAB, followed by the
fluorescein-conjugated secondary antibody. Live granular
cells are not tolerant of the antibody solutions, and these
cells wefe often observed to burst Quring the labeling
procedure, The remaining intact cells included some gfanu-

locytes and the plasmatocytes. These cells did not exhibit
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any difference in staining patterns as compared to mouse
serum-incubated control hemocytes. As agglutinin was‘nét
detected on live hemoéytes, this may indicate tHatA
agglutihin is absent from hechyte mémpfanes. However,-due
ép the large percentage of iysed heﬁocytés, tﬁis réﬁaiﬁs

inconclusive.

hemagglutinin staining procedures conéisted of Hemocytes
incubated in either mouse whole serum or an irreleven£
monqclonai antibod&lsupernéte sﬁbstitqted for fhe
aggluﬁiniﬁ-sbecifid MAB. This waé then followed by the
fluorescein-conjugated secondary antibody as for experi-
mental monolayers., Control hemocytes exhibited only very
dim fluorescence, indicating a émall amount of non-specifiec
staining. In no‘case were the fluofescent intensity of the

controls comparable to that of experimental monolayers.

Horseradish Peroxidase Enzyme

Immunoassay Localization

Indirect HRP-EIA. Indirect EIA was used as an

additional immqnocytochémical'1abeling approéch to confirnm
the immunofluorescence results describe above. Figﬁre 8
shows the results df'an indirect EIA localization of
hemagglutinin on monola&er hémocytes;‘ Cells éontaining
hemagglutiniﬁ have turne¢ browﬁ, resulting fram the reac£ion
of horseradish peroxidasé with the éubstréte DAB. Only £be

granular cells appear brown under the ;ight microscope,
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Figure 8. Phase contrast photomicrographs of fixed monolay-
er hemocytes from differentialis subjected to
indirect EIA stain for grasshopper hemagglutinin.
A-Hemocytes 1incubated in agglutinin-specific MAB,
B-hemocytes incubated in mouse whole serum fol-
lowed by HRP-conjugated secondary antibody and
developed in hydrogen peroxide-DAB (250x).
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plasmatocytes do not appear to stain. Approximately 31% of
the granulécytes stain for the breéence of agglutinin using
this immunocytochemical tedhﬁique; Ihis is ~a slightly
greater percentage of StainedAhemocytgs as cdmpared to the
indirect immunofiuorescence sﬁéiniﬁg procedure, indicating
that agglutinin iocalizatio; by EIA may be slightly more
sensitive than indirect immunofluoreScénce_(Fig. 9).
Control monolayers in&ubated in mouse whole serunm as the
primary antibody do‘not'stain, indicating'very lpw,_gr
nopexistent, non-specific"staining. The HRP-EIA procedure
therefore provides results closely éonsistent-with the

immunofluorescence method.

Avidin-Biotin Complex. Fixed monolayer hemocytes
stained with the Vectastain ABC kit showed results similar
to the HRP=-EIA procedure.A Oﬁly ;he granular cells showed
the bro@n DAB precipifate. 'Plasmatocytes did not stain,
‘This is éonsistent with the HRP-EIA and immunofluorescent
staining results,. 'However, the ABC technique did‘ﬁot'séem‘
to pe as sensitive as the HﬁP-EIA or immunofluorescent
.methods, as a much lower percentage of.hemocytes were
stained. Control monoléyers,'ineubatea in mouse whole serum
in complete IMDM as é substitute for MAB, exhibited high
background staining, .indicating non-specific labeling. This
may be due to endogenous hemocytic biotin that could bind
the avidin-biotin combiex.- Due té these pfoblems, this

technique was. discontinued.
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IFA EIA

Figure 9. Comparison of indirect immunofluorescence (IFA)
and enzyme immunoassay (EIA) methods for detec-
ting grasshopper hemagglutinin in monolayer hemo-
cytes. Mean values + |1 S.E.
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Opsonic Characterization

Particle Interactions with Hemocytes

Erythrocyte Rosgtting. Hemocytes incubated in.asialo
hﬁman erythrocytes'bound the erythrocytés at the plasma
membrane. The percentage of hemocytes that bound AHRBC was
variable, and was observed‘to be from 10-30% of‘the
hemocytes in the monolayer. Both plasmatocytes and
gfaqulocytes were observed to have adhering‘AHRBé. 'ff
erythrocyte concentration was sufficient (1000 erythfocytes:
1 hemocyte) the erythrocytes offeﬁ surrounded the he@ocyte
membrane, forming a roset@e. Grasshobper hemocytes did not
appear to phagocytize @ﬁe erythrocyteé. .No internalizeq
AHRBC were observed, és ju@ged by the refractivity of the
erythrocytes. 1In additionf‘fixing the hemocytes in 3.7%
‘formalin resulted in the loss of all adhering erythrocytes.

This indicates that the hemocytes did not phagocytize AHRBC.

Nosema Phagocytosis. Grasshopper hemocytes will

avidily phagocytize Noséma spores, Approximatelj 5-10% of
the hemocytes engulf spores, and these are exclusively the
plasmatoc&tes. At conéentrations of 20 Nosema per heﬁdcyte,
phagocytic hemocyﬂes (plasmétocytes) were obserQed tb engu}f
0-20 Nosema spores each, Under these conditions, granular

cells did not bind or phagocytize Nosema spores in litrb.-

Bacillus thuringiensis Adherence. Approximately 65-75%

of live monolayer hemocytes incubated in B, thuringiensis
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were observéd to bind the bacteria. Bacteria adhered to
both granulocytes and plasmatdeytes, as did AHRBC. While
granulocytes did not appear to phagocytize béeteria,
phagoeytosis of fhe_bacpe?ia Sy plasmatocytes was
occasionally observed. Af'qoncentrations of 100 bacteria
per hemocyte, hemocytes that bound bacteria bound on average

3 bacteria each.

IFA Staining of Phagocytic Hemocytes

Live monolayers ineubatea in Nosema spores were fixed
and subjected to ﬁhe ind;reet immunofluorescence staining
procedure, Hemocytés staiped as normal, with the éranular
cells exhibiting- intense cytoplasmic >staining.
Plasmatocytés did not stain for agglutinin, inelud;ng those
plasmatocytes that had engulfed Nosema spores. The Nosema
spores tended to pick up a small amount of non-speéific
fluorescence in both the monoe;ohal iﬁeubated monolayers and
the mouse IgG iﬁeubated conérols; however in all cases this
was discernable from true agélutinin label. |

The results of thiS'experiment indicate that phagocytic

hemocytes do not. contéin'agglutiniﬁ. As plasmatocytes also

are capable of binding AHRBd and B. thuringiensis baetéria,
cellular heﬁagglutinin may not be required for particle
adherence of phaéoeytosis by plasmatocytes.‘However, this
conclusion must be tempered by the fact that hemocytes may

contain membrane-bound agglutinin that was not detected.




47

Carbohydrate Inhibition

Hemocyte monolaférs overlaid with an erythrocyte solu-
tion containing 0.1 M D-galactose showed that approximately
4,5% of the hemocytes had;adhering AHRBC.' Similarly, mono-
layers-containing 0;1.M'a1pha-methyl D-galactoside showed
approximately 6% of theihemocytes with adhering AHRBC.
These represent a s1gn1ficant reduction (p<0 05) in the
percent hemocytes with adhering erythrocytes as compared to
DPBS incubated controls, -which averaged 11% hemocytes with
adhering AHRBC (Fig. ‘10). Slight decreases in the mean
number of erythrocytee per nemocyte were aiso~observed upon
carbohydrate incubation. DPBS incubated control hemocytes
that have adhering AHRBC have'on'average 10 AHRBC per hemo-

yte, while Dagalactose and alpha—methyl—D-galactose incu-

bated monolayers have approximately 8 ‘and 7 adhering AHRBC,
respectively (Fig. 11). This decrease was not statistically
significant.

A wide variety of carbohydrates which innibit the
agglutination of asialo human erythrocytes 1in hemf
agglutination assays (46) were tested for inhibition of
erythrocyte rosetting. Among the galactosidic carbonydrates
melibiose, D—fucose,.raffinose,'2-deoxy-D—ga1actose, alpha-
methyl-D-galactose, and D-galactose.(all 0.1 M), only aipha-
methyl—D—galactose and.DAgalactose'were inhibitory; Gluco;
sidic carbohydrates teeted ano found to have.no effect on

erythrocyte rosetting were palatinose,~maltotriose,




Ftgure 10.

Figure 11.

AMG GLC-

Effect of carbohydrates on the percent hemocytes
with associated AHRBC. GAL-D-galactose, AMG-
alpha-methyl-D-galactose, GLCNAC-N-acetyl glucos-
amine (all 0.1 M), C-control. Mean values +1 S.E.

GAL AMG GLC-
NAC

Effect of carbohydrates on the mean number of
AHRBC associated with hemocytes. GAL-D-galactose,
AMG-alpha-methyl-D-galactose,GLCNAC-N-acety Iglu-

cosamine (0.1 M), C-control. Mean values +l1 S.E.
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melezitose, alpha-methyl-D-glucose, and D-glucose. The
gddition of N-acetyiglucose amine, a non-inhibitor of hem-
agglutination, has no significant. effect on erythrocyte
rosetting as compared to DPBS incubated control hemocytes.

Of the above glucosidic and galactosidic carbohydrates,
none were found to have any significant effect on the phago-
cytosis of Nosema spores of the adherence of B.

thuringiensis bacteria, Under the conditions of this

experiment, the binding of these,twd particles to hemocytes
does not appear to be dependent on carbohydrates, indicating
that membrane-bound hemaggluinin may not be mediating the

hemocyte~-particle interaction,

Particles Incubated in Hemolymph

Asialo Human Erythrocytes, Control AHRBC incubated ip
DPBS prior to ové}iayefing monolayers adhered to approxi-
mately 22% of the monolayer hemocytes. Erythrocytes incu-
bated in grasshopper serum at Qerum concentrations of 1:8,
1:32, and 1:256, then directly overlaid on‘monolayers wiﬁh—
out washing £he AHRBC to remove hemolymph, adhered to ap-
proximately 8, 18, and 21%, respectively, of the hemocytes
(Fig; 12). This decrease in hemocytic adhérence is signifi-
cant (p<0.05) for the higher concentrations of hemolymph,
1:8 and 1:32. Figuré 13 shows thét a8 significant increase
in the mean number of AHRBC_adhering to hemocytes occurred
for AHRBC pretreated with 1:8 serum (5 AHRBC per hemocyte)

as compared to DPBS incubated control erythrocytes (3 AHRBC
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1:8 1:32 1 256 C
SERUM THLUTrON

Figure 12. Percent hemocytes with associated serum-
pretreated, unwashed AHRBC. C-DPBS control.

Mean values + 1 S.E.

Ic

1:8 132 1:256 C
SERUM DILUTION

Figure 13. Mean number of serum-pretreated, unwashed, AHRBC
associated with hemocytes. C-DPBS control. Mean

values + 1 S.E.
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per hemocyte). The 1:32 and 1:256 dilutions of hemolymph
used for pretreating erythrocytes showed no signifiéant
effect on adherence to hémocytes as compared to cdntrols.

Monolayers inéubated in sérum—pretreated and washed
AHRBC also showed a significant decrease in AHRBC adherence
at the 1:8 hemolymph dilution (11% of the hemocytes) as
compared to DPBS-incubated hemocytes (18% of the hemocytes).
No significant difference in the percent hemocytes with
adhering AHBBC was observed for the 1:32 and‘1:256 serum
dilutions (Fig 14),. The meah number of'erythrocy£es
adhering éo hempcyfes showed a'élight increase ovef control
values for the 1:8 serum incubated concentration (3.6 versus
3.0 adhering AHRBC), however this was not é significat
difference., The higher dilutions of serum, 1:32 and 1:256
alsoshowed no significant difference in the mean number of
AHRBC per hemocyté with adhering erythrocytes as compared to
DPBS-incubated coﬁtrol AHRBC (Fig. 15).

In general, serum—pretregted AHRBC adhered to fewer
numbers of monolgyer hemoéytes. This decrease in percént

hemocytes with adhering AHRBC may be due to erythrocyte

clumping. Red blood cells incubated in M, differentialis
serum at the 1:8 dilutions showed significant clumping priof
to.overlaying the monolayers. To disrupt clﬁmps,'all
erythrocyte solutions were‘then ejected'through a 23 gauge
syringe needle prior to adding to the moﬁolayer. However,

agglutination was still observed on the monolayers at the
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1:8 1:32 1:256
SERUM DILUTION

Figure 14. Percent hemocytes with associated serum-
pretreated, washed, AHRBC. C-DPBS control. Mean
values + 1 S.E.

8o wnaniIis

1:8 1:32 1:256

SERUM DILUTION

Figure 15. Mean number of serum-pretreated, washed AHRBC
associated with hemocytes. C-DPBS control. Mean
values + |1 S.E.
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1:8 dilutions. Erythrocyte clumping 1is also the probable
reason fof the increased mean number of adhering KHRBC'per

hemocyte seen at the 1:8 serum incubations,

" Nosema locustae spores.‘Gfasshepper hemocytes overlaid

with Nosema spores prelncubated soley in DPBS exhibited

approximately 6.5% Qf the hemocytes with engulfed spores,

Spores preincubated in M. differentialis serum, then added

to monolayers unwashed, showed no significant difference in
the percent cells tﬁat phagocytized ene or more spores at
any of the hemolymph concentrations (Fig 16).. However, the
mean number of ﬂggegé engulfed per phagocyﬂic cell
(plasmatocyte) was affeeted by hemolymph pretreatﬁent.
Plasmatocytes overlaid with 1:8, 1:32, and 1:256 serum-
pretreated, unwashed, sbores pﬁegocytized approxihately 9.5,
5, and 6 spores, respecfively. This is compared to contfol,
DPBS-incubated spores which were phagocytized on average of
15;5 eporee per plasmatocyte (Fig. 17). This deereese is
significent only for the 1:32 and 13256 preincubafed spores.,

Nosema incubated in grasshopper serum dilutions ‘and
washed prior to overlaying monolayers showed a general
increase in the percent hemocyees that'had.adhering or
phagocytized epores. Figure Jé ehows that 1:8 and 1:32
sefum pretreated and washed spores are associated with 14.5

and 13.5% of the hemdcytee, respectively. This is a

51gn1flcant increase over control DPBS-pretreated washed,
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132 1:256 C
SERUM DILUTION

Figure 16. Percent hemocytes with associated serum-
pretreated, unwashed, Nosema locustae spores. C-
DPBS contol. Mean values + 1 S.E.

1 8 132 1:256
SERUM DILUTION

Figure 17. Mean number of serum-pretreated, unwashed, Nosema
locustae spores associated with hemocytes. C-DPBS
contol. Mean values + 1 S.E.
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cells. No significant difference in hemocyte associated
spofes was Seen for the 1:256 serum dilution of pretreéted
spores (8%) as compafed‘té the controls. Hemocytes overlaid
with serqm-pretréaped,_Qasheq; spores had on average.3.5-5
spores each (Fig; 19);‘ fhis:represents no signiffcént
difference from the DPBS~incubated and washed controls,

| Hemolymph pretreatment of Nosema spores led to a gen-
erai increase in Sporé stickiness. Hemolymph pretreated
spores were observed to adhere to the monola&er culture
dish, as weli a;'tdnplasmatéqytes and granﬁldcyfés. In
clusiQely with plasmatocytes. This increase in adherence
was especially noticeable for hemocytes overlaid with serum-
pretreated and washed sbores (Fig. 18). In.addition, sbéres
incubated 1in grasshoppér serum were.observed to Q1ump
slightly. These clumps genefally invo;véd few spores,. and
were difficult to avoid. Clumping of hemolymph incubated
Nosema has been previously repo%ted by Jurenka and coworkers
(16). | |

| Of the two particles tested, AHRBC and Nosema spores,
grasshopber hemoiymph causéa an ingreaéed particle

association with hemocytes ohly for sérum-pretreated,

washed, Nosema. Incubating AHRBC in grasshopper serum

resulted in a general decrease .in the percent hemocytes with
adhering erythrocytes. However, the éefum-pretreated and

washed Nosema showed a significant increase in the percent
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1:8 1:32 1:258
SERUM DILUTION

Figure 18. Percent hemocytes with associated serum-
pretreated, washed, Nosema locustae spores. C-
DPBS control. Mean values + 1 S.E.

anI=s

goo

W g

1:32 1256 C
SERUM DILUTION
Figure 19. Mean number of serum-pretreated, washed, Nosema

locustae spores associated with hemocytes. C-
DPBS control. Mean values + 1 S.E.
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hemocytes with adhering or phagocytized spores. This
.increase in hemocyte-Nosema interaction may be the result of
a hemolyﬁph opsoﬁin. Whether.this possible opsohin is
hemagglutinin muép be tesééq byfingubating paﬁ£ic1es in

purified hemagglutinin.

Particles Incubated in Purified Agglutinin

Similar to the whole heﬁolymph'sfudies, asialo human

erythrocytes, Nosema spores, and B. thuringiensis bacteria

were incubated in purified hemagglutinin at dilutions of
1:8, 1:32, and 1:256 in DPBS. This repreéents approximate
agglutininﬁconcentrations of 20, 5, and 0.5 ug/ml, respec-

tively.

Erythrocyte Rosetting. Monolayers overlaid with

agglutinin-pretreated and unwaéhed erythrocytes showed a
general decrease in the percedt hemocytes that had adhering
RBCs. Erythrocytes pretreated with 20, 5, and b.S ug/ml
agglutinin adhered to 4.5, 14.5, and 31% of the hequytés,
réspeétively. Control AHRBC, preincubated séléy in DEBS
adhered to approximately 26.5% of the'monolayer hemocyées
(Fig. 20). These differences froé the control values are
significant for erythrocyte§ incubated in 20 and 5 ug/ml
concentrations of agglutinin. The slight increase in the
percent hemocytes with gdheriné AﬁRBC seen for the 1:?56

agglutinin-incubated erythrocytes was found not to be

significant. The mean number of HRBC adhering to hemocytes
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showed a significant increase for the 20 ug/ml agglutinip
dilution (6.5 AHRBC per ﬁempcyte), while no siénificant
difference was observed for the 5 and 0.5 ug/@l agglutinih
pretreated AHRBC as compgred to control monolayers, which
had on average 3 AHﬁBC.per hémocyﬁe. (Fig'21).

Tﬁe percent adﬁereﬂce of AHRBC té hemocytes overlaid
with agglutinin pretreatéd and wéshgd'érythrocytes éiso
showed a significéﬁt.decre;se for the 20.and'5 ug)ﬁl
dilutions of agglufinin‘(7 and i9%), aé comparéd to'contrél
hemocytes (34%) (Fig. 22).- No significant difference was
observed in the mean,numbef of HRBC adheringvto hemocytes
amoné all the agglutinin concentrations as coméared tﬁ
controls (Fig. 23).

In general, agglﬁtinin pretreatment of asialo human
erythrocytes resulted ;h their decreased agherence éé
hemocytes. The erythrocyteé were seen to clump at fhe
higher concentrations of agglutinin, 20 and 5 ug/ml. This
is probably the reason for the lower percehtage adherehce
seen at these concentratiﬁns, and for £he increased mean
number of AHRBC per hemocyte withladhering e;ythrocytes

observed at the 20 ug/ml agglutinin'dilution.

Nosema spores. Hemocytes overlaid. with DPBS-incubated

spores have on average 6% of the hémocytes with associated
spores. Almost exclusively this represents piashatocytes
that have phagocytized Nosema. No significant differences

were observed in the percent phagocytosis by hemocytes
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AGGLUTININ CONCENTRATION (ug/ml)

Figure 20. Percent hemocytes with associated agglutinin-
pretreated, unwashed AHRBC. C-DPBS control.

Mean values + 1 S.E.
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AGGLUTININ CONCENTRATION (ug/ml)

Figure 21. Mean number of agglutinin-pretreated, unwashed
AHRBC associated with hemocytes. C-DPBS control.

Mean values + 1 S.E.
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AGGLUTININ CONCENTRATION (ug/ml)

Figure 22. Percent hemocytes with associated agglutinin-
pretreated , washed AHRBC. C-DPBS control. Mean
values + I S.E.

AGGLUTININ CONCENTRATION (ug/ml)

Figure 23. Mean number of agglutinin-pretreated, washed,
AHRBC associated with hemocytes. C-DPBS control.
Mean values + 1 S.E.
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‘compared to control, (DPBS-incﬁﬁated)l spores fFig 24ﬂ
Also, no significant difference was seen in.the mean'numbgn
of‘agglutinin-pretreatgq, unwashed, Noséma phagopytized by
the plasmatocytes as compared to contrqls (Fig 25).

Monolayers overlaid with agglutiniq-pretreated ana
‘washed spores also showed no ‘significant differenée in tﬁe
percent cells that had,phagocytiéed'épores at all agélutinin
concentrations és combared to the control value:of 6%
phagocytosis (Fig 26). Comparable to the aggufininf
pretreated and dnﬁasﬁed sporés, washed sporeé.alsé.showed no
significant differen%e iﬁ the‘mean ﬁumber 6f spores engulfed
per phagocytic cell (appfoximately 3-5 spﬁres pe}

plasmatocyte) (Fig. 27).

B. thuringiensis. Figure 28 shows the results of

incubating B. thuringiensis bacteria in pufe aggluiinin,
followed Sy adding the unwashed bacteria to hemocytes, fn
general, a decrease in bacterial adherence to hemécytes is
observgd. On average, DPBS~incubated bacteria adhere to 75%
of the monolayer hembcyfeé. Pretreated unwaéhed bacteria ét
agglutinin concentra£i§nslof'26, 5, and Q.S'mg/ml adhere to
55, 62, aﬁd 68% of the hemocytes,'respectively. Thfs
dgcréase in adhe}ence with ingreasing agglutinin
concentration is significant for agglutinin concentratioqs
of 20 and 5 ug/ml incubated bacteria. Similarly, the

-agglutinin-pretreated bacteria adhere'to'hemocytes in 1less
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AGGLUTININ CONCENTRATION (ug/ml)

Figure 24 . Percent hemocytes with associated agglutinin-
pretreated, unwashed, Nosema locustae spores. C-
DPBS contol. Mean values + 1 S.E.

AGGLUTININ CONCENTRATION (ug/ml)

Figure 25. Mean number of agglutinin-pretreated, unwashed,
Nosema locustae spores associated with hemocytes.

C-DPBS control. Mean values + 1 S.E.
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AGGLUTININ CONCENTRATION (ug/ml)

Figure 26. Percent hemocytes with associated agglutinin
pretreated, washed, No”ema !ocus”™ae spores. C
DPBS control. Mean values + 1 S.E.

AGGLUTININ CONCENTRATION (ug/ml)

Figure 27. Mean number of agglutinin-pretreated, washed
Nosema locustae spores associated with hemocytes
C-DPBS control. Mean values + 1 S.E.
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numbers. The mean numbér of adhering.bacteria per hemocyté
with one or more'bacteria déc;éases’from the confroL value
of 3.2 to 2.8, 2.4, and 2.3'f‘or.‘t'he 0.5, 5, and 20 Qg/ml
agglutinin pretrgated.bécteria. This decreasé is
significant for'sacteria incubated in the highest
concentration of agglutinin, 20 ug/ml as compared to pontro;
. (DPBS-incubated) bacteria (Fig. 29).

When the aggiutinin—prefreated bacteria were washed
after incubation,‘ to 'remové nonadhering heﬁol&mph
components, thé percent hemocytes £hat have adhering.
bagteria also showed a deerease withlincreasihg agglut;qin
concentration. Control, DPBS;inéubated bacteria adhére to
approximately 62% of the.hemocytes, while the 0.5, 5, and 20
ug/ml'agglutinin-incubated bécteria adhered to 51 50, aﬁd
38% of the hemocytes, respéctively (Fig. 30). This decrease
is significant only‘ for 'the 20 ug/ml agglutinin-
pretreatment. Control heaocytes which had adhefing béctéria
had on average 2.8 bacteria per ce11. ‘No §igﬁif;cant
difference in the mean number of bacteria adhering tp
hemocytes. was found for agglutinin-incﬁbated and washed
bacteria (Fig. 31).

Bacteria incubated in hemagglutinin were not obserQed
to agglutinéte. Tﬁus the decfeaseé in the percentagé adher;
ence to hemocytes of agglutipinqbretreated‘bacteria cannot
be attributed to clumping. Aéglutinin—pretreatment of bac-

teria caused the bacteria to be less adherent to hemocytes.
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AGGLUTININ CONCENTRATION (ug/ml)
Figure 28. Percent hemocytes with associated agglutinin-

pretreated, unwashed Bacillus thuringiensis bac-
teria. C-DPBS control. Mean values + 1 S.E.
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AGGLUTININ CONCENTRATION (ug/ml)

Figure 29. Mean number of agglutinin-pretreated, unwashed,
Bacillus thuringiensis bacteria associated with

hemocytes. C-control. Mean values + 1 S.E.
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AGGLUTININ CONCENTRATION (ug/ml)

Figure 30. Percent hemocytes with associated agglutinin-
pretreat ed, washed Bacillus thuringiensis bac-
teria. C-DPBS control. Mean values + 1 S.E.
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AGGLUTININ CONCENTRATION (ug/ml)

Figure 31. Mean number of agglutinin-pretreated, washed,
Bacillus thuringiensis bacteria associated with

hemocytes. C-control. Mean values + | S.E.
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This 1is mést apparent at the highest concentrations: of
agglutinin (éo ug/ml) uséd for pretreatipg bacterié.:
No increase in adherence or phagqcytosis was observed

thuringiensis bacteria were preincubated in purified hemag-

glutinin prior to overlayering monolayer hemocytes. This
indicates that purified hemagglutinin in vitro does not

exhibit opsonic activity.

Hemocytes Incubated in Purified Hemagglutinin

Adherence/Phagocytosis. Monolayer hemocytes incubated

in purified hemaéglutinin (approximately 5.ug/m1), and‘over-
laid with asialo human erythrécyfes have approximately T7.5%
hemocytes with édhering AHRBC.. This perceﬁtage is not
statistically different from contfol hemocytes incubg@ed iﬁ
DPBS pfior to AHRBC overlayering (Fig. 32). Agglutinin
pretfeated monolayers show an average of 9 AHRBC per hemo-
cyte with adhering erythrocytes. This was identicélitp
DPBS-incubated control monolayers (Fig. 33).'

Hemocytes ihcubated.in purified hemagglutinin prior to
percentages of hemocytes with engulfed spbres (4,5%) (Fig.
34)., The mean number.of spores engulfed by plasmatocytes
does not significantly differ between the agglutininf
incubated monolayers (10‘spores) and the DPBSqinéubated

controls (10.5 spores) (Fig. 35).
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Figure 32. Effect of incubating mono layers 1in agglutinin
(AGG) on percent hemocytes with associated AHRBC.
C-DPBS control. Mean values + 1 S.E.

Figure 33. Effect of incubating monolayers in agglutinin
(AGG) on the mean number of AHRBC associated with
hemocytes. C-control. Mean values + | S.E.
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Figure 34. Effect of incubating monolayers in agglutinin on
percent hemocytes with associated Nosema locustae
spores. C-DPBS control. Mean values + 1 S.E.
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Figure 35. Effect of incubating mono layers in agglutinin on
mean number of Nosema locustae spores associated

with hemocytes. C-control. Mean values + 1 S.E.
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Immunostain. Live monolayered hemocytes incubated in

purified agglutinin prior to fixing did not show aﬁy'in-
crease fluorescence over control cel}s incubated soley in
_DPBS and immunostained. This again indicatee that agglu;
tinin does not bind to hemocytic receptors in vitro.

The results of agglutinin- prelncubated ‘hemocyte
experlments demonstrate that agglutinin did not bind to
hemocytes, as assayed by 1ncreased particle aeherence or
1ncreased 1mmunof1uorescent stalnlng.‘ This may 1nd1cate
that agglutlnln does not blnd to hemocytle receptors and

then b1nd or crossllnk foreign particles, in vitro.

Blocking of Phagocytosis with Antibody.

Hemecytes incubated in'ﬁhe agglutinin-specifie
monoclonal antibody do not show a decrease in the peréen?
cells that phagocytize Nosema spores. In fact, a
significant increase is observed in the percentage hemocytes
that phagocytize spores (17%) as compared to.ﬁﬁe nafve mouse
serum incubated control cells (12%) (Fié 36). The mean
significantly differ be;ween ahtibody incubated. (5.5 spores
per phagocyte) and cehtrol monolayers (7.5 spores ber
phagocyte) (Fig;x37); | -

A 51gn1flcant 1ys1ng of the non=phagocytic granulocytes
was observed when 1live hemocytes were 1neubated ;n the

monoelonal antibody. This’was not seen with the control,

mouse serum incubated, cells. This lysis contibuted to the
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MAB

Figure 36. Effect of MAB on percent monolayer hemocytes
with associated Nosema locustae spores. MWS-mouse

whole serum. Mean values + 1 S.E.
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MWS MAB

Figure 37. Effect of MAB on the mean number of Jo”emja
locustae spores associated with hemocytes. MWS-
mouse whole serum. Mean values + 1 S.E.
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higher percentage phagocytosis seen in the MAB-incubated
moﬁolayers, as more phagocytic cells were counted per total
number of monolayered hemocytes.
The MAB was unable to block phagocytos1s of Nosema,

indicating that in !1333 phagocytosis of Nosema is not
agglut1n1n dependent. This correlates with the previous-
immunostain results that suggested the phagocytic cells
lacked agglutinln,‘and the opsonizatlon experiments that

ind1cated a non- opsonic role for purified hemagglutlnln

towards Nosema spores, or any other partlcle tested
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DISCUSSION

Previous work in‘this laboratory has described phe
hemagglutinating activity preseﬁt in the hemoly@ph of
several grasshopper species, -and has demopstrated that a
single bemagglutiniﬁ protein éccounts fof all thé

hemagglutination activity found in Melanoplus differentialis

and M. sanguinipes hemolymph (18,19,46). Tﬁe data presented

in this work -establishes the preéencé of grasshopper

hemagglutinin in addlt hemocytes of M. differentialis and

M. sanguinipes;. The non-opsonic character of phrified

hemagglutinin is described. and compared to similar results

.

in other insect specieSf

~Purification

This work eﬁployed a mbdification of the previously
reported method to isolate grasshopper Hemaéglutinin"by
affinity chromatography on galactose~-Sepharose (46), This
modification incorporated a more extensive coiumn wash usiné
HEPES buffer, and column elution with alpha-methyi;D-
galactoside, rather than D—galactosé; Alpha-methyl¥pf
galactoside has been shéwn to be a mofé effective inhibitor
of erythrocyte ﬁemaéglﬁtinapion than is D-galactose (46),
therefore it was thought to'be é better.qompetitor for

.
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hemagglutinin binding sites. This would then result in
higher yieid prqtein élution from the éepharose-galactosg
column, The usgvof the élycosidicAderivative-(a nbn-
reducing carbohydrate) also reduces‘risk of spontaneous
glycosylation of the protein. In combination with ﬁore
extensive column washeé,with-HEPES buffer, and increased
time of incubation in the competing sugar, fhese modifica-
tions resulted'in.higﬁer protein yields. The preﬁious
method typically resulted in épproximately 350 ug purified
protein (46).whiie in the neQAprocedune 600~700 ug of
protein is isolated from comparable amounts of hemolymph°
Some reservations in this protein determinétion exist how-
ever, as some agglutinin prepafétiohé believed to contain
protein, based on the modified Lowry assay, could not be
shown to contain detectable agglutinin on silver stained
gels., It is possible that this protein determination may be
artificially high. |

A modified Western blot-Con A probe (Fig. 2) showed
that agglﬁtinin purified by the éreviously reported teph-
nique may contain up to six conpaminating glycoproteins that
éopurify with hemagglutinin, while agglqtiniﬂ>isolated by
this modified technique,éhowed no Con A sensitive bands;‘
indicating the absence éf ﬁhese contaminating glycoproteins,
These contaﬁinants likeiy represent major hemolymph proteins

that were incompletely washed from the column.
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In addition to the Con A probe described above, the
purity of the 1solated hemagglutinin was analyzed by SDS3S-
polyacrylamide gel electrophore51s followed by silver staln
.of the gel One major proteln band was detected in the
gels, establlshlng the hlgh purlty of the hemagglutlnln
preparation (Fig. 3). Thus, the modifications in the affin-
ity purification of hemagglutinin resulted in both higher
protein yields'ahd.substantialiy»greater phrity.

Highly pure hemaéglutinin; prepared as described above,
has used for subsequent opeonizatipn experiments, and rep-
resents a technical improvement‘over published repohts where
whole hemolymph rather theh purified agglutinin haq been
used in opsonization experiments (43,44,45), |

Purified insect agglutinins have been prepared by
affinity chromatoéraphy in other insect species, including
the flesh=fly SarcoRhaga (21) and the beet armyworm

Spodoptera (29) Komano and coworkers' (21) isolated a

purified flesh fly hemagglutlnln whlch was shown to contain
only a few minor protein contaminants when analyzed by SDS-
PAGE followed by Coomassie blue staining of the gel.
Pendland and Boucias's (29) affinity purified pheparation of
armyworm hemaggiutinin appeafed to be free from
contaminating proteins when ahal&zed by SDS-PAGE followed by
Coomassie blue gei'stain. The purificahion of grasshopper
hemaéglutinin-presented hefe is comparable to the above

studies, as grasshopper hemagglutinin has been shown by SDS-
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PAGE followed by silver staining to be free from protein
contaminants. However, silver stains are considered to be
100~-fold more sehsitiQe for detectiﬁg trace amounts of
proteins than are Coomassie Blue\stain§ (53). Thus a more
rigorous ‘deﬁoﬁstration of ‘éhg‘ purity~ of the iso}ated

grasshopper hgmagglutihin has been acéomplished.

Localization

Monolayers used for the localization experiments con-
sisted of hemocytes bled froﬁ aduit or fiftﬁ ihstér nymphg.
These grésshobpers were genérally hea;th&; and.résulféd in
intact, morphélogically distinct, hemocytes. -In comparison,
use of old or diseased grasshoppers §ften resulted in mons-
layered hemocffes that eaSily Burst or were extensively
vacuolated. Use of these insects was avoided.

In general, the grasshbpper monolayer hemocytes used
for localization and opsonization studies are comparable fo
monolayer hemocytes use in other inseétan stﬁdies (27,37,44,
§5), However, direct comparisons between inseét hemoéytés
are difficult, as insect hemocyte typgé vary great;y among
species, and continuing controversy exists over the origin
and classification of insectan hemocytes, For example,
Amirante (37) identified four monoléyer hemocyte types in
the cockroach: plasmatécytes; granular.cells, spherule
cells, and_coagulocytes; anq.Yeaton (27) identified six

monolayer hemoc&te types in the silkmoth: prohemocytes,
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plasmatocytes, granulocytes, spherule cells, oenocytes, and
adipohemocytes. These clasgificaﬁions are based on hemoc&te
morphology'and ultrastructure (see Cupta, 56). In contrést;
grasshoppers exhibited pnly pwp types of hehocyteé
recognizable on monblayers: granulocytes and plasmatocytes.
Granulocytes constituted approximately 95% of the monolayer
ceiis, while piasmatocytes consisted of 4-8% of the total
monolayer population.. Hokevér, an ultrastructural study of
grasshopper hemocytes was not attempted, therefore a
conclusive characterization has not been established. |

Grasshoppef'hemagglﬁtinin has been localized to
hemocytes using thrge different immunochemical techniques.
Western blotting of hémocxte l&sates, indirect\immuno-
fluorescence, and indirecé enzyﬁe immunoa&say have all
detected the presence of'agglutinin in honolayer hemocytes.
Aithough Western blotting wés useful as cqnfirmation of the
presence of agglutinin in hemoéytes, it could not providg
any information cpﬁcerning the types of'hemocytés that
contain agglutinin, as could the immunocytochemi&al
techniques. It is important.tb note that Western blots,
using monoclonal antibody, of hemocy@e lysates did show that
the hemagglutinin present in hemocytes has the same
electrophoretic pattern as the hemagglutinin found in
grasshopper serum, suggesting that they are identical or

closely similar molecules.
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The presence of hemagglutinin in grasshopper hemocytes
was confirmed by immunqcytOChémistry. Indirect immuno;
fluorescence on both fixed monolayer and suspended celis,
and indirect EIA. all demonstrated ﬁemocyté associated
hemagélutinin; Indirecf EIA stainiﬂg'did appear to be
slightly more sensitive'than.was immﬁhofluoresceh@e (Fig.
9).  This can bé attributed to the enzymatic reaction that
leads to tissue staining. The'}éactioq betweén hofseradish
peroxidase and its sﬁbstrate hydrogen peroxide and fhg
electron dono} DAB results in-the fprmation of large opag;é;A
insoluble DAB polymers (57). These polymers turn the
labeled cells dark brown, while baékground staining remains
minimal, Brown hemocytes are difficult to photograph in
black and white, however, and due to the caréindgeﬁic nature
of DAB, indirect immunofluorescgnée remains the method of
éhoice for lécalizing hemagglutinin in-our lab. |

Both immunofluoreécence and EIA revealed that not all
hemocyte t?pes stain for thé presence of aggluéinin. In all
cases, only the granular cells exhibited the'agglﬁtinin
1abe@, while plasmatocyte did not stain above ba?kground
levels. In additiqn,'pnlyrabout 22=-30% of total
'gfanulocytes specifically stained for the agglutiﬁin. Some
granular cellé stained veff intensely, otber‘cells stained
lightly; and others not at a}l._ This suggests a variability

in hemagglutinin content among granular cells, Wﬁether or




79
not this may relate to subpopulatiqns of granular cells fs
presently unknown, h ‘

Granular cells that stained for agglutinin by immuno-
fluorescence and EIA techniques a1wéys exhibited cytoplasmic
labeling. Label at or around tﬂe hemocyte plasma membrane
was not observed. This ﬁay indicate that hemagglutinin is
not membrane-~bound. Hoyever, a more definitlve test of
membrane-bound antigen is to immuné-label live cells.. Livé,
intact cells, kept at 4°C to prevent 1nternallzat10n,.are
impermeable to the antlbody solut1ons, thus any fluorescent
labeling observed could be'attributed to oufer membrane-
bound agglutinin. When‘llVe monolayer hemocytes were sub-
jected to an immunofluorescence pro£ocol, no definitive
results were obtained., For reaéons not under§tood; a large
number of granular ce11$ were lysed by the MAB’supernatént
solution. This may in fagt be due to the binding of anti-
bodies to the hemocyte membranes, resulting in instability
and a selective loss of_hemagglutiﬁin-containing cells.
Since the antibody solutions‘wére heat tfeated, éohplé@énf
activity is probably not resbonslble for the lysing. It is
also possible that the lack}of definitive immuno-staining
was due to the gxtreme”specifiCity of the MAB. As mono-
.clonals are directed against é single antiggnié determiﬁant,
.the agglutinin, if preseﬁt in the plésma membrané, may have

had the epitope unavailable for recognition by the .antibody.




80

It was hoped that the use of rabbit polyclonal

antibodies would address the .possible problem of MAB over-

specificity.’ Thé rabb;t antibodies, while speéific for
grasshopper hemagglutinin, bresumébly recoéhize several
different agglutinin epiiopes.' However, rabbit antibodies
proved unsuitable for lébelling grasshopper hemocytes due to
hiéh nonspecific binding. It appears that grasshopper

hemocytes may have membrane proteins that bind rabbit

immunoglobulins. In.théifuture, the question of membrane

bound agglqtinin‘may best be addressed by immunochemical
localization at the electron miproécope'level.
‘Although hemagglutinin was not found to be associated

with the hemocyte plasma membrane by immunocytofluorescence,

it was thought that hemagglutinin receptors may exist on-

hemocytes, which function~iﬂ lilg to bind agglutinin, Livé
monoléyer hemocytes were incubated in purified hemagglutinin
in an experiment designed to te;t for the presence of thése
hemoecytic agglutinin receptofs. Subséduent to égglutinin
treatment, the monolayers were fixed'énd subjéctédvto the
immunocytofluoresceﬁce procedu}es. N6 increase iﬁ fluores-
9ent‘staining over DPBS;incﬁbéted bqntrol monoiayers yas

observed. In addition, agglutinin-treéted moholayers did

different from the control hemocytes. Thus‘hemoqytic agglu-~

tinin receptors were not detected, indicating that at least

in vitro agglutinin does not bind to hemocytes.
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Localization of hemagglutinin in grasshopper hemocytes
can be comparea fo earlier Qork done on other insect
séeeies. Amirante (37), 'ﬁtfliiing immunofluoreséence
t;chniques, localized gockroach aggiufinin in the
granuloeytés ;nd sphefule eelis from‘Leueoghaea,- Based én
thé staining patterﬁs of fixed cells (staining of 1ivé éells
was noﬁ rgporﬁed), ﬁe'dgtérmined agglutinin to be poth
cytoplasmic and membrane-bound.’ Ih his study, plasmatocytes
did not 1label for'thé'agglutinin. In a similar immuho-
fluorescence study on the silkmoth Hyalophora, Yeaton (27)
concluded that bofh plasmatobytgs and granulocytes contaiﬂed
agglutinip, although‘granular cells were more intensely
stained. Yeaton also concluded that aggiutinin was both
cytoplasmic and mehbrane-bodnd. Both of these studie;
utilized the immunofluorescence results to support addi-
tional research which coneludéd that hemagglutiﬁin.was
synthesized by hemocytes, a{question fhat wasﬂnot addressed
in this research, hoﬁeyer ofhér work in this laboratory
suggests that it is not'(47). |

Both Amiranﬁe.(37)'and Yeaton (27) localized
hemagglutinin using anti-agglutinin antiséra preﬁared by
.injeeting rabbits with hémqumph—agglﬁtinated and washed
rabbit erythrocytes. fn_h;r study of Periplaneta
hemagglutinin, Lackie.(3§)'utilized anpibody pfepared
against.purifiéd hemagglutiniq.éo demonsfrate‘the presence

of cockroach hemagglutinin in all hemocyte types. This
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represents an improvement over Amirante's and Yeaton's work
as producing antibody against purified hemagglutlnin should
eliminate most hemolymph contaminants that,might elicit
antibody production.' The work presented in this research
differs significantly in thls point as the antlbodles used
here were mouse monoclonals that have been demonstrated to
be specific for grasshopper hemagglutinin. This technical
improvement represents a much‘cleaner procedure for pro-
ducing agglutinln specific antibodies, and‘eliminates any
possible antigenlc contamlnants that could lead to false
positive staining. | |

In contrast to the lack of hemagglutinin receptors
found in grasshopper hemocytes; Komano. and coworkers (39)
concluded that the flesh-fly §arcophaga does contain ‘hemo -~
cytie receptors for aggldtinin{‘These receptor were demonf
strated on the flesh-fly hemocyte outer membrane by their
ability to bind radioiodinated flesh-fly lectin in vitro.
Use of a radioiodinated aéglutinin molecule represents a
direct assay of hemagglutinin:bindingp whereas\the methods
employed in localizing grasshopper agglutinin receptors
(indirect IFA and AHRBC or Nosema adherence) are indlrect-
assays of hemagglutinin binding. These indirect methods may
have been unsuited for detecting hemagglutinin receptors.
It is possible that receptor-bound grasshopper hemagglutinin
is no longer avallable for MAB recogn1t10n or in v1tro

particle b1nd1ng.' It is equally likely that hemagglutlnin




83

that has bound to hemocytic receptors may then be dislodged
by the additionalumanipulafions involved in immunofluores-
cence or partiele incuﬁat;ons. Although grasshopper
hemocytic-agglutinin recgptors haye not been demonstfated in
this study, more:conclusivé eyidence of their presenée or
absence would involve use.of directly labeled (either
radioactive or fluore;cenﬁ) agglutinin molecules.

To date, insect hemagglutinins have been\dehonstrated
to be associated with the h;mocytés of Orthopterans
(cockroéches),a Lepidopteran (silkmoth), and a Dipteran
(flesh—fiy). The research presentéd'here has extended
hemocyte-associated hemagglutinin to one more Ortﬁopteraﬁ,
the grasshopper.  Based on tﬁese studies it seems'likely
that hemocyte associated égglutininé will be found in more
insect species, however the celi types that contain agélu;
tinin may vary among species. Whether or not the bresence
of-aggiutinin may signify a funétional subpopulaiién of
hemocytes is an important but unanswered question, |

In addition to being présent.in the hemocytes,
hemolymph glycoconjugates. In the hemolymph brdbing
experimehts described in this wo}k, electrophoresed anq
blotted grassshoppéf hemolyﬁph was inéubated in additional
grasshopper hemolymph to identify.possible'hemélyméh
recéptors for hemagglutinin.'The results of this modifieh

Western blot indicated.that at least five possible
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hemagglutinin binding sites exist in grasshopper hemolymph
. (Fig. u). These binding sites are breshmably.giycoprbteins
which bound to tpe agglutinin via cafbohydrate-lectip
interactions. A rigorous control to test this poss{ple
qarbohydrate-lectin interéc£ion would-be to inhibit
hemagglutinin binding with thg addition of alpﬁa-methyl-D-
galactoside 'to thé'hemoiymph probe:- However, this was not
performed. Therefore-the agglufihinLSpecific nature of
these bands is tenuous. However, if shown to be agglutinin-
specific binding sites, they may repré;ent glycoproteins

molecules may be giycoproteins that are transported by hem-

agglutinin in vivo, of may be proteins that serve to modify
hemagglutinin activity iﬂ_iil&v aé_previoﬁsly suggested by
Stebbins and Hapner (46). Further work in this area will
hélp to eluéidate the-functign and identity of thése hémo-

lymphatic receptors.

Opsotiic Characterization

Grasshopper hemocytes are capable of binding or

phagocytizing a variety of test particles in vitro. While

thése particles may bind to both granulocytes and

plasmatocytes, only plasmatocytes appear to be phagocytic In

vitro. However, in vivo, granulocytes may have some

phagocytic capacity. It is not uncommon to obtain a

grasshopper that has a slight Malameba locustae infection,
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Malameba cysts are seen in the fresh-bled hémélymph of these
insects, énd'occassionally 59th gfanﬁlocype; and plasmapo-
cytéé will have phagocytized one of more gysts.' AS evi-
dgncéd by the-washed monoléyer hemoqyﬁes{ phagocytosis-and
adherence can oécur'withouf tﬁe.presence éf énj‘serum
factors. Thus, humoral agglutinin_is not a prerequisite for

hemocyte activity.

Membrane-~bound Hemagglutinin.

The ability of.ins§Et hemocytes to form rosettes of
vertebrate ery@hrocytes has often been takgn as evidence of
membrane-bound agglutinin on the hemocytes. Since hemagglu-
tinins can"égglutinate erythrocytes in vitro, it was
inferred that‘erythrocyfe rosetting was also'a function of

agglutinins. Grasshopper hemocytes are also observed to

bind asialo human,efythrocytes in'litro. Thus, grasshopper

hemocytes may have membrane-bound agglutinin that functions

in the adherence of AHRBC.

As a test for'-the presence of membrane-bound

agglutinin; carbohydrates were added to ihe moholaygrs to
inhisit rosette formétion. }Thése cgrbohyarateé were éhosen
from known erythrocyte hemagglqtination inhjbitors (46)., 1If
membrane-bound agglutinin was responsible forerythropyte
rosetting, these carbohydrates should compete for the lectih
binding sites and inhibit rosetéing. Several glucdsidic aﬁa
ga;actosidic inhibitors of hemagglutination were tested.

Among these only D-galactose and alpha-methyl-D-galactoside
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inhibited erythrocyte rosetting, and this inhibition was not
completé (Flg. 10). The fact that the other carbohydrate
inhibitors of hemagglutination,did hot inhibit erythrocyte
binding to hemocytes can‘be vieqeq as cohsistent with the
immunochemical heﬁagglutinin iocalization results. As of
yet, membrane-bound grasshopper_hemagglutinin has mnot been
detected on monolayer hemocytes by immunoeytochemistry.
Thus the binding of erythrocytes to grasshopper hemocytes
may not be dependent‘on'outer membrane-bound agglutinin,

Similar carbohydrate inhibition experimehts here
performed on hemocytes overlald with Nosema spores or E;

thuringiensis bacteriam' In both of these experlments no

:carbohydrates were' found which had ahy significant effect ‘on
adherence or phagocytosis: This provides another piece of
evidence to 1nd1cate that membrane- bound agglutinin, if
indeed present on hemocytes! is not responsible for the
adherence of these two test particles.

In an.additional experimeht deaigned to test for the
participation-of outer membrane-bouhd agglutinin in

hemocytic defense activ1t1es, blockage of 1 litro'hemocyte

phagocytosis was attempted by 1ncubat1ng live hemocytes w1th
Nosema in the presence of MAB. Phagocyt051s was not blocked
by the MAB, offering yet another piece of evidence that
membrane-bound aggiutinin does not mediate phagocytosis of

Nosema., In fact, a significant increase in the percent

hemocytes that phagocytlzed Nosema was detected for
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monolayers incubated in MAB (Fig. 36), but this was due to
the grandlar cell lysing fhat qccurred'in the présence of
the MAB. | |

The results of this atpeqpt to inhibit phagocytosis
with MAB are COnsisteﬁt with: th; inability ¢to detect
plasmatocyte—associated hemagglutinin in ;mmunofluorescence
staining of monolay;r hemocytes with MAB, and with the
inability to inhibit.pﬁagocyosis with aéglutinin-specific
carbohydrates. As the phagocytlc cells do not stain for the
presence of agglqtlnln, it would be expected that
agglutinin-specific antibodies would,not.block phagocytcsis.

Thus, membréne-bound,agglutinin does not appear to be in-

blnding of rabbit 1mmunoglobu11ns as reported for immuno-
fluorescence work, and'consequgnt uncertainty in experi-

mental interpretation.

Agglutinin as a Humoral Opsonin

As 4 test for the role of grasshopper hemagglutinin as

a potential opsonin, various test particles (AHRBC, Nosema

spores, B. thuringiensis bacteria)‘wére incubéted in either
grasshopper serum or pufified hemagglutinin, and then over-
laid on moﬁolayér hemoéytes. In sohe of these experiments
the serum-preincubated particles-were washed prior to over-

layering monolayers. This was  intended to remove all non-
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adhering ser@m molecules, 1leaving only particlé-bouna
proteins, or popentialropsonins. |

Under the conditions of this study, no opsonic capacity
against human asialo erythrocytés was fgund for either
grasshopper serum'or purified hemaglutinin in vitro. 1In
general, serum pretreatment 6f asialo human erythrocytes
decreased. the peréent hemocyteé with adhering AHRBC. This
is most notibeable yith serum treated, unwashéd,‘AHRBC, bqt
is sigqificant for monolayers oyerlaid with béth washed and
unwéshed preireated erythrogytes kFigs. 12=15). Similarly,
aéglutinin-pretreatéd AHRBC showed a general decreaced
adherence to hemocytes as compared to DPBS-treated cont}ol
AHRBC (Figs. 20-23). This decline in percent hemocytes with
adhering serum- or agglgtinin-pretreated AHRBC 1is probably
due to erythrocyte agglﬁgination, which is visually
observéble for AHRBC,incgbated in the highef‘hemolymph con-
centrations (1:8 and 1:32); Erythrécyte agglutinatiqn
resulted in fewer numbers of individual erythrocytes, bgt
larger sized~erythrocyte'clumps; AHRBC'agglutination also
appears to have contributed -to the inqreased mean number éf
erythrocytes thaf Bound to hemocytes; as the large AHRBC .
clumps tended to stick to hemocytes. The results of these
experiments indicate that égélutinin does not exhibit op-
sonic activity towards AHRBb in !igig; In fact, no opsonic

activity in litro'was detected for grasshopper serum.
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"In contrast to serum-pretreated AHRBC, a potential
serum opsonin was found for Nosema spéres. Nosema that were
pretreated with serum, then overlayered on.the monoiayers
after washing to rempve'nonadhering hemolymph componentsy
did show an increase in the pércent hemoc&tes with
associéted spores (Fig. 18). Thiéhingreasé in‘hemocyte-
associated spores was not due-fo an increase in phagocy-
tosis,_rathe} a general increase in the adherence (sticki-
ness) of the spores to poth granulocytes, piésma£ocytes, and
the culture dish was observed. In'additiﬁn, thése sﬁores
were observed to clump slightly. Noﬁtreatéd, or bPBS—
incubated spores normally are.seeﬁ'associated‘with plasmato=-
cytes exclusively; théy do not-adhere to granular cells.or
the culture dish, aﬁd they doAnot clump. This increase in
hemocyte-associated spores wés not observed wﬁen serpm;
DPBS wash (Fig. 16). In-this'case, ;he percent hemocytgs
witb associated spores did not differ significantly from
controls. This was probably due to gggggé agglutination, .
which may have been gfeatgr wheﬁ the serum was not removed
from the spores. This would result in large Nosema clumps
which were then washed off thé msnolayér.
obseérved for monolayers incubated in serumjpretregted and
washed spores suggests. the presence'of a serum opsonin that

is responsible for coating spores, making them more easily
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bound to hemocytes. Due to fhe complex molecular nature of
grasshoppér serum, the identity of this possibie opsonin
cannot be determinéd based on these experiments aione.

experiments, this botential molecule is not likely to be

hemagglutinin, Nosema spores, prgtreated with purified
grésshoppérahemagglutiﬁin, were found associated with hého—
cytes equally well as nontreatedAc6nthd1 spores (Figs. 2H;
27). Both agglutinin-pretreated washed and unwashed spores
are found associated ﬁith hemééytes equally well as D?BS—
treated control séores. In contraSt to:serum-treated spores,
Agglutinin-pretreated spores were foqnd associéted sole&
with plasmatoqytés, spores did not adhere to granulqcyyes or
to the culture dish., 1In éddition, agglutinin-treated sporeé
did not clump. Thu§ it can be concluded that the sérum
component that caused- an increase in the adherence of Nosema
spores to hemocytes was probabiy not agglutinin, and Nosema
does not bear GHA-specific récgptars.

As a third biotic particle used to test for a possible

opsonic role of grasshopper hemagglutinin, a bacterium, B.

thuringiensis was incubated in burified agglutinin and

overlaid on monolayer hemocytes.. Consistent with the

monolayers overlaid with agglutinin;pretreated' B.

thuringiensis did not show an increase in hemocyte-
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associated bacteria. As in the case of AHRBC pretreated

with purified hemagglutinn, pretreatment of B. thuringiensis
with purified grasshopper heﬁagglutinin actualiy Qecreaéed
the percent hemocytés with adﬁering pﬁrticlés (Figs. 28—31L
This decrease in adhefencé was observed whethef or not the
bécteria were washéd‘prior to overlayéring hemoc&teé; B.

thuringiensis was not observed to clump upon agglutinin

incﬁbation. Thus the decrease ;n aéherehce-of the bacteria
to hemocytes cannot be attribqted to agglutination. fhis
suggests that agglutinin pretreated bacteria are actually
less adhereht tp ﬁembcytes. I; such a casé égglutinin may
be coating the bacteria making it less recognizable for
binding by the hembcytes. However, attempts to detect
hemagglutinin by immunofluorecence ;abeling of the
agglutinin-incubated bacterié were unsucbe;sful. This
leaves open the question of why bacterigl adherence_actually.
decreased upon agglutinin;pretréétment.

A non-opsonic role for insect héﬁolymph has been
demonstrated in previous studieé with other insects.
Anderson (43), incubéted bacteria (Staphylococcus straing)
in cockroach (Elaberqs) serum, then added to the'monolayers
either washed‘to remove serum components or unwashed (still
in serum), In all céées pﬁagocytosis of the of the bacteria
was not increased‘bver‘control, untreated, bacteria. Scott
(44); similarly pretreated chicken and sheep. erythrocytes

with cockroach (Periplaneta) serum prior to overlayering
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.cogkroach hemocytes. No inCréase in erythrocyte adherence
of‘bhagocytosis was observed, ratﬁef,the t}end being téwards
a reduction in erythrocyte adherence with serum
pretreatment. This observation was qonfirmed by Rowley and
Ratcliffe (45), who aiso found no increase in phagocytosis
by‘cockroach hemocytes when sheep erythroc&tes were

pretreated with Periplaneta serum. In éddition, Rowley and

Ratcliffe (U45) also found similér results in.a study of the

stick insect Clitumnus. The percent Clitumnus hemocytes

with associated erythrocytes decreased when the sheep
erythrocytes were pretreated with stick insect_serum. This
was attributed to erythrocyte aggluﬁination. Thus, to date
no insect.hemagglutinins-or-serum components have Been
described to show opgénic activity.

The results of the grasshopper serum-pretreated‘AHRBC
expériments preéented in ﬁhis‘work are consistent with the
above published‘reports for a nqn-opsonic activity of insect

hemagglutinins., However, a botential serum opsonin that

this study, which has not been previously reported in the
literature. ~The identity of this molecule is unknown, but
it is nof likely to be hemagglutinin, The results of the
purified hemagglutinin-pretreatment experiments suggest that
.grasshopper hemagglutinin dobsﬁnot act as an opéonin. The
use of purified grasshopper hemagglutiniﬁ répresents a sig-

nificant improvement over the previously published papers,
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as to date, no purified insectan hemagglqtinins have been
reported to be used in opsonizetion'studies, all‘studies
having used insect serum for pretreating tesp particles.
Thus, a more detailed test of the non-opsonic nature of
insect hemagglutinins hes been carried.opt by_tﬁis research.
However, further insectan sbuoies will be needed oefore
generalizations on the non-opsonic character of inseet
hemagglutioins can be ﬁade. |

Aithough hemagglutinin has been detected in a percen-
tage of the hemocytes in the grasshopper, it does not appear:
to have a role in v1tro in the recognltlon of forelgn pdar-
tieles by hemocytes. However, it cannot be conclgded thet
grasshopper hemagglutinih plays no role in:the insect's
defense response, In vivo, grasshopper hemagglutinin may
have some opsonic abilities. This will have to be tested by
cles, followed by bleeding the grasshopper to examine the
fate of the<particles.' Also, grasshopper ﬁemagglotinin may
serve a role in the defense response not specifically tested
here. It is pos31b1e that hemagglutinin may functlon to
bind foreign particles to the hemocytes responsible for
encapsulation and nodule formatlon, or hemagglutlnln may be
1nvolved in the degranulatlon response of granulocytes.
trallzlng or destroying potentlal pathogens before hemocytlc

responses are fully functioning. In addition, the hemolymph
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probing'experiments performed in this work may indicate a
non-defense role for agglutinin in transport of glyco-

conjugates.
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CONCLUSIONS

This research has addressed the localization of
grasshopper hemagglutinin in hemocytes,-and some of'the
possible roles of hemaggiutihin in thé insect's défenge
system. In pﬁis regard, major conclusions to be drawn from
the work are as follows: - |

1. Grasshopper hemagglutinin ig present on the adu;t

hemocytes of both Melanoplus diffentialis and M.

sanguinipes. Indirect immunofluoresceﬁce and inﬂi}ect
enzyﬁe immunoassay labelling tephniqués have demonstratgd
ﬁemagglutinin in the eytopiasm of approximately 25% of thg
granular heﬁocytes. The phagocytieAhemoeyﬁes'(plamatoéyteé)
did not stain for the preéence of agglutinin. Membraﬁe-
bound agglutinin was not 'detected iﬁ either grgnular éells
or plasmatoeytes.‘ '

2. Hemocytic membrane-bound aéglutinin does not appear
to be involved in the in vitro adherence or phagécytosis of
asialo human erythrocytes, Nosema spores, or B.

thuringiensis bacteria.

3. Grasshopper hémaggiutinin-does not exhibit opsonic

activity towards asialo humap’érythrocytes, Nosema spores,

and B. thuringiensis bacteria iﬂ'!itfo. _Although a possible

serum opsonin against ﬂbsema spores was ideptified,'this.was
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not attribeted to_hemégglutinin. -In no case was affinity
purified grasshopper hemagglutinin shown to cause an
increase in the hemocytic adherence or phagocytosis of
pretreated test particLes.ani |

4, The immunochemical localization of hemagglutinin in
grasshopper hemocytes and the demonetration of the non-
opsonic nature of grasshopper hemagglutinin in Xi&zg‘are
consistent with relevent pubiished repofts involving

hemagglutinins from other insectan species.
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APPENDIX A

Western blot horseradish peroxidase ‘immunostain procedure:

1.

Nitrocellulose containing elec¢trophoresed, electro-
transfered grasshopper hemagglutinin is incubated
in Tris-tween buffer (0.05 M Tris, 0.5 M NaCl,
0.05% Tween-20, pH 7.2) for 2 hr, room temperature,

_or overnight .at 4°9c,

Incubate nitrocellulose in primary antibody on
rocking table (i.e. monoclonal antibody concentrate
that has been diluted 1t5 in Tris-tween) for 2 hr,
37%, or overnight at room temperature

Wash nitrocellulose on rocking table, three tiues,
10 minutes each, with Tris-tween. ‘ -

Incubate nitrocellulose in horseradish-conjugated
secondary antibody (i.e. HRP~conjugated goat-anti
mouse IgG, diluted 1:1000 in Tris-tween) for 2 hr,
room temperature.

Wash nitrocellulose: three times, 10 minutes each,
in Tris-tween, . :

Wash nitrocellulose briefly in Tris buffer {no
tween).

Incubate nitrocellulose in developer solution:
-25 ml Tris buffer
-5 ml of a 3 mg/ml Y4-~chloro-~t-napthol in
methanol solution
-12.5 ul 30% hydrogen peroxide (0 015%)
Incubate 1 hr, room temperature.,

Rinse nitrocellulose with distilled water and dry
between paper towels.
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APPENDIX B

Indirect immunofluorescence pﬁbtoédi for monolayer
hemocytes: , S P ) .

1.

2.,

Fix monolayer hemocytes in 3 7% formalin in DPBS
for 1 hr, 4%c.

Wash monolayers three times, one minute each, to
remove fixative.

Incubate monolayers in primary antibody on rocking
table for 1 hr, room temperature.. Primary antibody
is the mouse. monoclonal supernate, diluted from
concentrate to original strength with DPBS
containing 0.1 M galactose. Control monolayers are
incubated in mouse whole serum (1 ug/ml) in
complete IMDM containing 0.1 M galactose.

Wash three times, five minutes each, in DPBS
containing 0.1 M galactose,

Incubate in secondary antibody for 1 hr, room
temperature, with rocking. Secondary antibody is
an FITC-conjugated goat-anti mouse IgG diluted
1:100 in complete IMDM containing 0.1 M galactose.

Wash three times, five minutes each, in DPBS
containing 0.1 M galactose,

Mount under anti-~fade glycerol-PBS (Citifluor
Limited, London) and observe, .
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