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Summary Statement of Final Comprehensive Report

The technical objectives of the investigation were: (1) the iselation,
characterization and comparison of proteins, somatic, metabolic and
moulting fluld antigens of four stages in the life cyele of Dirofilaria
immitis; (2) the possible isolation of specific antigens of the tour stage:s;
(3) the determination of isolated antigen cross reactivity with othoer
parasites; (4) determination of possible antigens excrveted during the normal
metabolism and mounlting of the larval stages; (5) the possible development
of a move specitic skin test antigen for filarial infoctions.

Adult D, imnmitis were obtained from dogs at necvopsy.  Microfilarviac
were obtained from whole dog blood by a combination ot blood clotting,
erythrocyte lysis, pronase and tryptic digestion. Pertions of isolated
microfilariae served as antigen source. Other isolated microtilariac arc
being vointained by tissue culture in a fortified RCPYC medium,  Adult
cuticular antigens have been obtained by 127 ‘Iriton X-100 and Butanol
extractions folloved by papain digestion of isolated cuticles,

Antibody obtained from naturally infected dogs has been tested by
Soluble Antigen Fluorescent Antibody (SAFA), by heterocytotropic anaphyliatic
activity in rabbits, and by agglutination of protein antipgen codted poly-
acrylawide microbeads (2 4+ 1 micron).

A nunher of adult cuticular, adult buffer soluble and microtilavial
antigens have been isolated by affinity chromatography. Precipitated dog
gamma ylobulin coupled to activated Sepharose has served as the ivomo
absorbent.  Antigen and protein heterogevicity has been monitoircd by
isoclectric focusing clectrophoresis in polyacrylamide pels (1FPPAG)
employing a pl gradient 3-10.  Adult antipgens separatoed by preparative
isoelectiic focusing electrophoresis have been tested by SAFA and hetero
cytotropic anaphylatic activity in rabbits. Four adult protein fractions
having wolecular weiphts of : greater than 300,000, 100,000 to 300,000,
30,000 to 100,000 and 10,000 to 30,000 have been obtained by differeatial
pressure ultrafiltration., Gel filtration oo these fractions folloved by
narrow pll range isoclectric tocusing clectrophoresis has been enploved.
The nature of these protein fractions, molccular weights, types of protein,
antigenicity, ete. are now being investipgated.

The protein-antigen spectra of adult and microtilaria have beou
demonstrated by isoelectric focusing electrophoresis at pH 3=-10, pil 30,
pH 5-8 and pll 7-10. Electrvophoretically separated pels have been sectioned
into 2 mm wafers.  Each wafer has been assayed for total protein {luore-
metrically using fluorescamine, for antigens by soluble antipgen fluorescent
antibody and pH profiles determined.

Adult and microfilarial bufter soluble and buffered 17 Triton X-100
soluble pooled protein homogenates were bound to aminoethyl and succinylated
aminocthyl polyacrylamid wicrobeads (2 + 1) micvron) with a water soluble
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carbodiimide, l-cthyl-3(3dimcthylaminopropyl) carbodiimide hydrochloride
at pl 4.5 for 16 hours. The protein antigen bound microbeads were
incubated with naturally infected dog sera at various dilutions. Of the
dog sera tested, 927 gpave positive agglutination of the acrylamide micro-
beads. 1n some instances serun dilutions of up to 1:10,000 gave positive
results. No agglutination of the microbeads was obscerved in 967 of the
controls. Although the specificity of this agplutination reaction has
not been tested, this microbead agglutination test appears to be an
excellent imaunodiagnostic procedure for testing the presence of D, fumitis
antibodies. Protein—antigen bound microbeads alter storage of 3 ponths
at 4°C show agglutination in the prescnce of sera with little loss in
sensitivity. The case of protein-antigen-microbead coupling and the long
shelf lite of the coupled microbead hold promise as o new seasitive
agglutination test for filarial infections,

Foreword:

In conducting the research described in this report, the investigator
adherced to the "Guide for Laboratory Animol Facilities and Care" as
promulgated by the Committee on the Guide for Laboratory Animal Kesources,
National Academy of Science-National Rescarch Council.
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FINAL COMPREIIERSIVE REPORT ON GRANT DAMDI7-75-C-5009

PURPOSE OF INVESTICATION

The technical objectives of the investigation were: (1) the
isolation, characterization and comparison of proteins, somatic,
metabolic and moulting fluid antigens of four stages in the 1ifc
cycle of Dirofilaria ivmitis; (2) the possible isolation of specific
antigens of the four stages: (3) the determination of isolated anti-
gen cross reactivity with other parasites; (4) determination of
possible antigeus excreted ducing the normal metabolian and nolting
of the larval stages; (5) the possible development of a wore spocidic
skin test antigen for filarial infectious.

PROGRESS REPORT

A. ISOLATION OF D. IMAITIS AND MICROFILARTAL

1. Adults:

Adults were obtained from the pulmonary vessels aud
right auricle of the Leart by nccropsy. Dogs used at the
J. Hillis Miller Health Center, University of Florida were
used as a source for all biological material. TImmediately
upon arrival at the laboratory, the adults were freed of
clotted blood, rinsed five times in phosphate buffcered
saline (PBS) and processed for somatic antigen, Somatic
antigen was stored at -75°C.

2. Microfilariae:

Units of freshly drawn dog blood with high microfila-
remia (above 20,000 microfilariac/ml) were obtained from
the jugular vein. On arrival at the laboratory protamine
sulphate (0.5 gms/urit) was added to the blood. The blood
was poured over two thirds of large petri dishes and left
undisturbed for three hours at room tewmperaturce. The petri
dish was tilted slightly and allowed to stand overright.
Serum containing microfilariac was collected from the
bloodless portion of the petri dish. The collected scrum
was treated with twenty volumes of 0.2% Saponin at 38°C
for 30 minutes to lyse the erythrocytes. Microfilariac,
redblood cell phosts and leucocytes were collected by using
a Szent-Cyorpgyi and Blum continuous ftlow centrifugation
system. The recovered microfilariae were then treated with
pronase, followed by tryptic digestion and washed in caline.
Periodically small clunmps or strands of material were
observed in the final preparation that could not be dispersed
by enzymatic treatment., Isolated microfilariae were stored
at =75°C.




B. ANTIGEN PREPARATION:

1l

C. ANTIBODY PREPARATION:

1.
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Buffer soluble adult antigen

The worms were minced in iced (4°C) 0.05M sodium phos=—
phate buffer, pH 7.4 and homogenized in a Waring blender.
The resulting hermopenate was further homogenized in an iced
TenBroeck tissue honogenizer. The homogenate was oxtracted

overnight at 4°C.  The precipitate was extracted overnight
in 17 Triton X-100 at 4°C. The Triton X-100 e¢xtract was
treated with Bio-beads Sm=2 to remove the Triton. ‘ihe
phosphate buftered and Triton X-100 extracts wvere pooled
and used as adult somatic antigen.

Adult cuticular antigen

The 1% Triton X-100 precipitate was extracted overnight
in 127 Triton X-100 at 4°C. After extraction and centrifu-
gation, the supernate was retained. The 127 Triton X-100
precipitate was extracted for 30 minutes with iced n-butanol.
The homogenate was centrifuged and the aquceous phase rotained,
The butanol extracted homogenate was washed repeatedly to
remove traces of butanol. This precipitate was digested with
enzide papain (papain attached to polvacrylamide) for 30
minutes.  The howogenate was centrifuged and the supernate
retained. Protein was found in the butanol papain extract 1
but not in the 127 Triton X 100 extract.

Microfilariae

Isolated microfilariae in iced PBES were sonicated until
microscopic exemination showed no intact microfilariac.,
Microfilarial somatic antigen was prepared as in the pro-
cedure for buffer soluble adult antigen.

Dog blood debris

Dog blood free of microfilariae was clotted and the saline
washed clot extracted with sapooin, prenasce and trypsin sivilar
to microfilarial isolation. A quantity of ftibrous contaminant
was obtained identical to the contaminant periodically prescoaot
in the micrvofilurial purilication procedure.  This contaminant
was sonicated, extracted overnight, centrifuged and the debris
treated with Triton X=100 as described previonsly.

Dog

Sera from naturally infected dops having hipgh micro-
filaremia was harvested.  The dog sera was precipitated
three times at one-halt ammonia sulphate saturation, pli 6.8,
The final precipitate was exhaustively dialysed against 001 M
N:I“(:(\‘, pH 0.8,
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2. Rabbit

Male New Zcaland rabbits were immunized with D, immitis
adult, miciofilariac and dog bload debris for 5 weeks. ‘The
immunogen containcd 0-10 mg of protein counlsificd with equal
amounts of Freund's complete adjuvant injected intramuscu
larily. Rabbits were bled by cardiac puncture and sera
abtained. Rabbit scra was precipitoted with asmmonia sul-
phate at final concentration of once=third saturation. "The
precipitate was dissolved in saline and exhaustively dialyzed
against 0.1 M NJHCU3, pll 6.8.

D. ANTIGEN=ANTTBODY ASSAY

1. Soluble antigen fluorescent antibody (SAFA)

Dog sera and antigenic homogenates were assayed by the
standard SAFA proccedure. Dilution of antigen or antibody
were 1:1, 1:2, 1:4, 1:8, 1:16.

2. Heterocytotropic Anaphylactic Activity in Rabbits

Sera from dogs were tested on rabbits with 48 to 72
hour latency. Serial dilutations of sera were injected
intradernally. The challengiug parasitic antigen was 0.4
myg protein in 0.5% Evans Blue or potamine sky blue soluiion
per kg of body weight. Blue spots with a diamcter 5mnm or
greater than those of the control were regarded as positive
reactions.

3. Agglutination of protein-antigen coupled polvacrylawmide
microbeads by D. immitis antibody.

Adult and microfilarial antigens (2.8-4.2 mg) were
coupled to aminoethyl Affi-gel 701 and succinyvlated amino
ethyl Affi-gel 702 (BioRad Laboratories) polvacvylamide micro-
beads (2 + 1 micron) using a water soluble carbodiimide IDAC,
l-cthyl-3(3dimethylaminopropyl) carbodiimide hydrochloride.
All solutions used in the coupling procedures were filtered
through 0.45 um millipore filters prior to use. On addition
of the carbodiimide, the pH was maintained at pH 4.8 for lo
hours at 4°C. After coupling the pels were exhaustively
washed in 0.01 M barbital buficr, pH 7.4 to remove uncounpled
protein and EDAC. Dog sera {rom naturally infected dogs were
filtered through 0.45 um willipore filters. Sequential sera
dilutions were made with 0.01 M barbital buffered, ph 7.4,
0.08 M NaCl. An aliquot (0.05 ml) ot the diluted seva was
added to the wells (V shaped) of a plastic dicposable hemag:
glutination tray. Aliquots (0.05 ml) of protein antipen
coupled polyacrylanide microbeads were added, and the tray
contents allowed to incubate at room temperature for 3 to 5
hours. After incubation the tray was vibrated on a rotary
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Preparative isoelectric focusing clectrophoresis

Adult honopenates have been electrophoresed on an LEB
440 preparative sucrose pradient isoclectric focusing
elcecetrophoresis pll 3-10.  Fourteen major protein fractions
scparated through the full pH range have been isolated by
clectrophoresis at 300 volts for three days. These fractions

are now being assayced for antigenicity and {or number ol

proteins present. Microfilarial homogenates are now being
clectrophioresied.  When completed, they will be assayed foi
antigenicity and nunber of proteins, {

Diffevential ultrafiltration

Adult houmogenates have been filtered through Amicron
ultrafiltration membranes UM300, UML00, PM30 and PMIO. 7Th
retentates have been washed with 10 volumes 0.05 M Tris-HCL,
pl 7.4 buffered 0.15 M RaCl. Four protein fractions havin
molecular weights of: greater than 300,000, 1006,000-300,000,
30,000-108,000 and 10,000-30,000 nave been fractionated.
These fracticons are now being assayed by SAFA, heterocyt

tropic anaphylactic activity in rabbits, and by iscelectri

focusing electrophoresis in polyacrylamide gels. Wihen
sufficient quantities of microfilariae are cbtained they
also shall be fractionated.

Cel filtratio:

Adult ultrafiltration retentate retained by filtrati
through Amicron ultrafiltration wmecbrane UM 300 has been
chromatographed on LXB ultragel AcA 22 (acrylamide/agarosc
gel separation range 60,000-1,000,000). 1Two protein peaks
have been separated in the UM 300 retentate. The remaining
retentates are being chromatographed on AcA 34 (separatio
range 20,000-400,000) and AcA 54 (scoparation range 6,000
70,000) . When completed these fractions will be assayed
for antigenicity and protein content. The colunns are
being calibrated with known molecular weight markers to
ascertain the molecular weights of the various isclated
Dirofilaria protecins.

Jsoeleciric focusing in polyacrylamide gels (1ITAG)

Isoelectric tocusing clectrophoresis in polyacrylani
gels (6%/3% acrylamide/bis-acrylamide), pH range 3-10 ha:
been employed to neasure protein howogenicity or hetero
genicity. Gels have been stained with Bromophenol blae,
Coomassie brilliant blue R-250, periodic acid - Schifd
(PAS), Toludien blue and Alcian blue. Electrophoresis of
adult and microfilarial homogenates show protein banding

through the entire pi range with a bewildering nuwber of
proteins. Cuticular extracts of adult show proteins restricted
to the basic pl range during electrophoretic separation. Five
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positive FAS and four positive Alcian bluc bands arc
present in the cuticular extracts indicating glycoprotein,
No staining of cuticular protein was oboerved with Toludien
blue.

Isoelectric focusing electrophoresis of adult and
microfilarial hownogenates have been performed using phi
gradients of pH 3-10, pH 3-6, pl 5-8 and pH 7-10 to
determine the number ol so.@tic antigy
the clectrephoresis cach gel was frozen and sectioned into 2

ns. On cempletion of
mm thin vafers from anodal to cathodal end, The wafers were
eluted with 0.01 If KC1 and the pl deteymined. Awmpholene wa
removed by the addition of a mixed bed resin, AG 501-X8.
Protein deterniinations wvere made on each wafer fluorometri-

1
cally using fluorescaming. Aliquots of eluted protein were
A

assayed by SATA. Twelve antigenic peaks have been demon-

strated on adult homogenates and five antigenic peaks

on
microfilarial homegenateg separated in the pH 3-10 yange.
The wajority of the antigens show isoelectric poinis in the

pli 3-6 rauge.

Conclusions:

A rapid sensitive agglutination test has been developed employing
inert antigen ccupled polyacrylamide microbeads. This assay shows some

pronise as an ii nodiagnostic procedure. This microbead agpivtination

test overcomes the disadvantages of hemagglutination. Hemagplutination

using sheep red blood cells as antigen carriers shows nonspeciiic
agglutination and a drop in antibody titer during storage. The antigen

coated microbeads overcome these disadvantfages, have long shelfl life,

are eesily coupled and are cesily manipulated. Clear end points with
high sensitivity arc obtained in relatively short periods. Affinity
chromatography and isoelectric focusing elceclrophoresis are excellent
separatory techniques for D. immitis antigen isolations. Large quantities
of antigens may be isolated using these techuniques. Of interest scldomly
investigated are the cuticular antigens. One major problem is solubiliza
tion of cuticular proteins. The role of these cuticular antigens in the

host-pavasite response merits further investigation.

Further investigations on improving the polyacrylamide agglutination
test would be beneficial. This test shows promise as a sensitive inmuno-
diagnostic procedure for filarial infections. Although high sensitivity
has been demonstrated, the specificity has not. Filorials cross react with
a number of other helminths, viral and veneral discases when tested with
bentenite flocculation and hemagglutination. Further antigen puritication
prior to microbead coupling would seem warranted to improve specilicity.
Another possible approach would be to absorb out c¢ross reacting antipens
by specific cross reacting sera coupled to allinity chromatography gels.
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