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Identification of Antigens of Pathogenic Free-Living Amocbac
by Protein Immunoblotting with Rabbit immune
and Human Scra
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Fremiernt antigen: of polthogc nic sad svapethoegeaic frec-living amorbhac were ideatificd by wsing polyclunal
rabdil humeec wru in immusablet swanys. The inient was 10 determine if promioent epitopes identified with
ralbil knaswec sera comid aive be recegnized by humau sern. Wilh rabbit sera, the development of
Immaasrractive bands nus resiricted 1o molecular masses of prester than 18.5 ADa for \Neegleria. Hetmanndila.
and | shilsmprha anligras. Twe 08 more brusd bands ot bess than 185 ADa were pruminent features in three
diffrrvai 4conhemorks sprcics. Few cross-resctine antibodies muid be detexied between representutive species
of the three diffivrent sebgroups of Leathamorbe. Nacgieria actiges was lihewise servlogically distinet, as were
Hartmenaells 2ad | shBampia sntigens. The reistire lach of cross-reaciiag satibodies between the pathogenic
amaucber suggerisd thal it wouwid be desirabie to use s panel of smocdic antigens to represent the range of
serolagically distisct aaiigens for asscssing reactive aatibudics in humanr sers. In puoled buman secum (10
seTust specimcas pef pool). the appearance of minimally rractive baads ranging from 32.5 to 106 kDa was a
common fesiure of all iir antigentz. A promiacat band of less than 18.5 kDa was identified in the Acanthamoeba
culbertioni antigen Lant in 2 of the 10 human serum specimes poals. Whea the sern from each of the two groups
were tested individually by immunoblotiing. the reactiva wiith the 4. culbertsoni antigen could be assoclated with
one indhvidual. By wsing a pane! of amoebic antigens, this method could prove useful in recognizing

undiagnosed smocbic infections by revealing specific reactive aotibodies.

The gencra Acanthamoeba and Naqgicna mclude specics of
free-living suif and water amocbae that are widespread in the
environment and that hive the potential 10 produce ife-
threatening illness. To date. the pathogenic poientials of
certain specics within these genera have been adepiiy demon-
strated in laboratory animals and ha.ce occasionally heen
obscrved in humans (6, 12,13, 27). In humans, Naegicaa fowleri
amuchic meningoencephalitis i3 associated with intranasal
instillation of amoebae during swimming. The amoebae sub-
sequently penctrate the central nervous system via the olfac-
tory rerves. Acanthumocha species may also produce menin-
geencephalitis, bui the illness in kumans may be more chronic,
with resulting granuloma formation. Although the A-1 strain
of Acanthamoeba culbentsoni invades the central nervous sys-
tems of cxperimental animals by firt penctrating the nasal
mucosa and thea spreading o the brain via the olfactory
nerves. Acanthamaeba species may also spread 1o the lower
respiratory  tract and ather sites  hematogenousiy. Acan-
thamaoeba species ~an also intect the cormea (Acanthamocha
keratitis), and this discase is often assaciated with contact leas
wear (120 15). Studics with immur2 sera from laboratory
rabbits demonatrated that the speies of Acanihamocha share
some common anvigens. bul ey can e subdivided into
distinct serogrougn (5. 16, 24) In addizion. species of the genus
Aaegern share common antigens but alwo have distinet

¢ Cawroypoonbiag avibnn Madding sddscss Department of Pathiology.
ludsanns U mncrntty Sumad of Mesdaine. 4567 Unncisty Hogmtal, $50
Nowth | sncewny Bhe . Yedanagmda I 002-9113 Phase (M7
224 2587

? Prowess mbdica Depasimmst of Badhgy. Muddie Tenncecr Mate
Umnerut). Murficestues, TN 37412

epitopes. as demonstrated by using the Wesiern blot (immu-
nuhiot) methodology (14). Naegleria immane serum does not
cross-react with Acaithamocha antigen (12).

The purpose ot the invesiigation described here was to
identify prominent epitopes of certain pathogenic and non-
pathoge sic free-living amochae by using rabbit immune sera
and the Westert blot methodology. Subsequently, human sera
from patients and apparently healthy individuals  were
screencd by immuneblotting for antibodies reactive with
amocbic antigens. The majority of the human serum specimens
screcned were obtained from Army recruits who suffered from
acute respiratory disease (ARD). Viral agents such as adeno-
virus or influenza virus as well as Mycoplasma preumoniae Fove
previously been identified as occasional causative agents of
ARD in Army rectuits (8, 26). Despite attempts at isolation
and serological surveillance programs, the <tiologic agent in
many caszs of ARD has remained unidentified. A logical
extension of these studies would be attempts 1o associate with
ARD other potentially infectious agents such as amochic.

Amocbac have repeaiedly been culiivated from the upper
respiratory tracts of humans in different surveys. The incidence
of amoebae in upper respiratory tract samples has ranged from
loss than 1% to as high as 24% (1, 4, 11, 25). 1t has not been
clearly determined whether the occurrence of amocbac repre-
sents the outgrowth of transicnt cysts that were inadvertently
trapped i the respiratory tract or if the amochae were in the
active matile trophozoite form in vico. Amocbac have been
obsened e the lung tissaes of labor.tc v animals which have
been experimentally infected intranasolly. The possibility exists
that amochac alo could cause lower respiratory tract discase
in humans.

It war the inteation of our study o determine f the
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profruncnt amoachse cprtopes ideniif:ed by usng rabhitimmune
sefa could he dentibed th human sera by uaing diffeient
amocha antigens of four dificrent gencra, 4 culbermom,
Acanthamntu poliphage . and Acaninanuncha avinmnags were
cach uned as sources of antigen. Bach spedies is a representa:
tnc of a diffesent subgrowp of Aoanthumocha on the bass o
muspholog . rvxcnnme anshyus, and sorology 423 Thie
other gencra were represnted by uanyg antigens ot A fonlen
and the noaputhogeni frec-ining amuwbac Hurtmannella vor-
muforrmus anad V vhlhamyio avurg On the hass of The tavononii
wheme of Page (170 the genus Hurtmann dla and particularly
the genun b ahlhamptia are cuonudared o he chnely sclated to
the guaus Sengdena (17) The serulegr features and antigens
chasactcrniny of these two generd gic less well hnown than are
then of the pencta Sueeglenu and Acunthaniocha

This repott cuicads the available mformauon regarding the
wrohygn relatendhips and promenent epitopes assneated with
the pathogenie frec-Ining amoabac Certam epitopes tepry-
senting difforent amovha species are occassionglhy recognzed
b adult human «crum This documicntation of clectrophaicts
calh sepsrated antigens and seactnve human sera supporis the
concept that humans are exposed 1o antibodsainducing leveis
of antigen from bath pathogenn and nonpathogenic amuchac.
With additional studics, immunoblots with humian seia and
amochic antegens could be useful in recogmang this caposure.
the aswxciated pathologie mandestabons, and both chinical and
subvlinical infuctions with the pathogenic free-living amocbae.

MATLERIALS AND METHODS

Amueba cultivation. Amochace were cuitivated asenwcally in
75 tissue culiure fanks coniai
the optimum growth for cach species. A culbertsoms ATCC
N7 and A. pobyphicga ATCC 30461 were grown in Trypticase
soy broth, Plate count broth (Difeo, Detroit, Mich.) was used
for cultivating A. astrumyxis ATCC 30137, Mcedium HY was
uscd for cultivating V. avara, H. vermiformus, and N fowlen (2)
Cells were incubated at 25°C (except for N fowlen cells, which
were incubated at 35°C) and were harvested after a monolayer
was farmed in approximately 72 h. . vermiformis was hindly
provid=d by Barry Ficlds from the Centers for Discase Control
and Prevention, Atlanta, Ga.; N. fowleri Lec was kindly pro-
vided by Francine Marciano-Cabral of Virginia Common-
wealth University. Richmond.

Astigep and immun¢ serum preparation. Amocbac were
harvested by placing the culture flesks on ice to dislodge
adherent cells. The amocbae were pelleted by centrifugation
(400 x g) and were washed three times in sterile phosphate-
buftcred saline (PBS; pH 7.6). linmunizing antigen was pre-
pared by adjusting the concentration to 2 X 10° cells per mi in
PBS and then freezing-thawing four times with liquid nitrogen.
New Zealand White rabbits (weight, 2 kg) were imniunized
once weekly with 2 ml of the antigen preparation for 4
consecutive weeks. Antigen was deiivered via the marginal car
vein. Oae week after the final immunization, the rabbits were
bled by cardiac puncture. Washed cells Jor elecirophoresis
were prepe.ed fur Pierce BCA protein determination (Pierce.
Rockford, 1) by solubilizing amocba pellets in 100 ul of 1%
sodium dodecy! sulfate (SDS). The suiuble protein was boiled
for S min in a (.1 M dithicthreitol reducing buffer prior to
eiectrophoresis.

Human sera. The human serum samples used in immuno-
blots consisted of five banked infont @nd seven adul* scrum
samples storcd at the Indiana University Medical Center. One
hundred additional buman serum samples drawn from Army
recruits diagnused with ARD were provided by Letterman

o oovandiiione tbaiit one
E 110G IUNTS 1fus p
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Army Medwal Center. San Francisco, Calit. To taailitate the
numbct wested serum sampies from Army recrutts were pooled
into 10 groups of 10 sera. with cach serum present in its
respectne peal at o dilution of 128, Serume pools were
subseguently tested tor then seactons with the electropho
resed amochie antigens.

Electrophoresis and immunoblotting. SDS polvacn lamide
geb clectiophoresis (PAGE ) was performed by csing o Man-
Protem 11 Duat Slab Celiapparatus (Bio-Rad. Hereules,
Calit Fve mcrograms of amochie proteim was loaged into
cath hane of o 1.S.mm 187 acnvlanude gel with a 477 stacking
gol (prewcghed acnlanude -bracntande [37.5:0] nuatare.
Biv-Rad)  Complete clectitaphoress ovcutred i approw
match 35 min at 200N wah the soltage held constart Gels o
bu stncd fer protom were staned with Coomassie blue
Peotains were transterred orto 48 pmeporesize mitonellu
hwe Trans-Biot Transtor Modeun (Bio-Rad) by using a M
Teens Blot Flictrophorctne Franster Cedl with o Bao Jee unit
(Bio-Rad) Compleie transfer ovvurred at 1300V whike the
custent ranged fsom 28 to 38 mA aer ) nun

Follkmung transics. blots were washed mi PRY for 10 nunoin
glass staming dishes on g chimcal rotator (8 isher. Piisburgh,
Pa ) at sbom specd  Thoy wese tiien blocked for 30 min at yoom
temperatare with 17¢ banane s)crum albunun dguted i Pigy
with 0058 ¢ Tween 20 (pH 7 4, PBS Tween) After washing the
bluts twice in PBS - Tween for § mun cach ume. they were
incubuted in the diluted swerum at toom temperature for &
min. Prehnunan studies companing the intensities of staining
ot immunoblots in wang a range of dilutions viclded optimum
dilutions for rabint and human swera From 122 senal diutions
of hypeammmune rabbit sera ranging foom 1100t 1100, o
diduticn of VLN was solocicd, Trom 12 sorial dilutioiis o
human sora ranging from 110 1o LK, o ditution of 1:200
was selected. Blots wese then washed twice an PBS-Tween for
S ann cach time bofore the conjugate was added. The alhahine
phosphatase conugate (Sigma. St Louis, Mo.) of anti-rabbit
immunoglobutin G (IgG, v bale molecule ) was diluted 1:20.000
in PES-Tween, or the alkaline phosphatase conjugate (Sigma)
of anti-human lgG (gamma chain specitic) was dituted 1:2.500
in PBS-Twceen. Immunoblots were incubated in the diluted
conjugates dt room temperature for 30 min. Before adding the
substrate, the immunoblots were washed twice for 5 min in
PBS-Tween and then once for 5 min in PBS. Immuroblots
were then developed in $-bromo-4-chloro- 3-indotviphasphate
toludinium-Nitro Blue Tetrazolium Color Development Solu-
tion (Bio-Rad) for 10 min at room temperature.

Absorption. For absorption studies. 5 x 10 amouvbace (for-
malin fixed and washed in PBS) were incubated in a 1-mi
volume contairing 40 pl of human serum and 960 ui of PBS,
and the incubation mixture was rached at 35°C for 1 h. This
preparation was then centrifuged (400 X g). and the serum
supcrnatant was subsequently diluted ta 1:200 before immu-
noblotting.

Immunofluorescence, For nnmunofluorescence testing, an
indirect fluorescent-antibady procedure described by Sheets et
al. (22) was used. The procedure uses formalin-fixed amocbhae
and incorporates a primary antibody of cither hypetimmung
rabbit serurn or human serum. The sccondury antibody s
afinity-purified goat anti-rabbit or anti-human fluorescein-
conjugated IgG 1Sigma).

RESULTS
Whole amocba lysates subjected w SDS-PAGE wete stained

with Coomassic blue (Fig. 1A). Multiple protein bands were
apparent in each species. Most bands were greater than 18.S
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FIG 1 (A) SDS-PAGE of different amocha species stamed with
Coomasic bluc. The low - and Brgh-muolccular-weight marhers (laaes |
and 2) are shown on the left (in thousands) Lances 24 culbermon, 4.
4 oo, SCH vermufonns. OO N fowlen. 7.4 polplagse. 8.3,
mary AB) Immunoblot pancl sepresenting the toigd number of immu-
notcactine procin bands of amucba antigens treated with pooled
tabit immune scra compuosed of inmunce serum from cach of the siv
amocha species (L LONO final dilution cach) Molecula weight tiark-
ey (hines 1 ond 2) are shown on the Ieht (n thousands) Fanes 3 4
culbertsore, 4. 4 astronvus. S, Hovenngformin,. 6, N fowlen. 7. A
poliplaga: NV avara

kDa. with the exception of @ broad difluse arca with heavy
bands in both 4. pohphiaga and 4. cudbestsont of less than 18.S
kDa. Each of the three Acanthamiocha species had a different
banding profile. In A, avtronyvas, the deeply stining band
between 27.5 and 3.5 KDa was unigue. and the most moner-
ous and densely staining bands were greater than 27.3 kDa. 4.
culberteoni showed its mast intensely staining bands it ess thun
275 kDa. A. polyphaga had prominen: bands that ranged trom
less than 18.5 10 49.5 kDu. V. avara and H. vermiformss shared
a number of minor and major protein bands, with the primary
diffcrences related o the inensity of band staining rather than
10 the presence of dificrent proteins. N fowlen was distingt
from the other genera, but its protein profile was likewise
composed of many bands which were most numerous
greater than 27.8 kDa.

The wotal number of iImmunorcactive protein bands resolved
by immunoblotting with the six pouicd hyperimmune rabbit
serum samples is illustrated in Fig. 1B, The bands represent
the cpitope reactions of ecach amocha speaies with both
honiologous and heterologous immune sera. immunorcactise
bands for Nucglena, ilanmennctla, and Vahthampfia antigens

PROTEIN IMMUNOBLOTUTING OF AMOBFBIC ANTIGENS Ja3

106K — —
sok— &3 : ¥ o
49.5K — G R - -
—.b\? L - ._
R25K— U@ T BEE
275K — 08 -2 .
18.5K— &l - -

100K —-
80K — g m
495K— @GP 99
-
25k — 6D
27.5K— @R

18.5K — SR
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HG 2 (A Immunoblot panel of amocha antigens ticaled with
onby 4 culbermom rabbit immune seram (1 LG difunon) Molecular
veight markers (lanes 1 and 2) are shown on the lett (in thousands)
Lines 304 culbertvony. 404 avinomous: S H venmiformin. 60N fowlon.
T A pobphaga, 3.1 @vara (B lnsnunoblot pancl of amocha antigens
tcated with valy A evrernvus rabbitimmun erum (1 1006 dillution).
Mualccular weoght markers (lanes 1 and 2y we shown on the lett (in
thousands) Lanes 304 cufhenson, 3. A cstomos; 80 H vernufornn,
6N fowlen, 7.4 pohphaga. 8.V av ra

developed at molecular masses of greater than 155 KDa. In
cach dcambhamocha species, tae or more broad bands of less
than 185 Ma ware prominent teatures. By Coomiassie hiue
stainmnig, there were relatively low nminbers of protein bands in
arcas above 328 aDain the A0 cudbertsom bysate, below 185
KD in 4 asr v, and above 495 WDa in A pohphaga.
however, the Western Blot showed several major bands i
thuse aress ndicating that these proteins were highly immu-
nog ‘nic The presence of multiple bands by Western immuno-
blotting wias a commaon feature of cach specivs.

The occureence of cross-reacting antibodies was assessed by
allowing the panel of transferred amocbic antigens 1o react
with individual rabbit imimune serum (Big. 2 10 4). Numeieus
well-detined bands were obsenved only with the homologous
antigen ata rabbit immune scrum dilution ot LK with S pp
of amochic antigen por lone. Few cross-reacting antibodics
were detected buraeen the three Acanthamocha species cho
sen o represent diflerent subgroups of the genus (Fig. 2 and
IAY N fowlerns was sinularly serclogically distinet (Fig. 3B)
Despite the simlaritics in polyacnvlamide gels stiuined with
Coomassic biue, the immunoblots ot J vermuformiiy and |
avdarg were relatively desunct. o vermiformin antiscrum re-
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FIG 3. (A) Immuroblet paacl of amacha an tigens treated with
only 4 pohpitaga rebbit msmure serum (B LO00 ddution). Mokeeulas
weigiht markers (lanes 1 and 2) are shown on the left ¢in thousands)
fanes: 3 4 culbertont, 4, 4 estromvus, S, 1 vermigonmis 60N fowlen,
7.4 pohphuga: K. V. avaru. (B) Immunoblot panel af amochi antigens
treated with onhy A fowlsn rabbnt imnwne serum (11,000 dituton)
Mulecular weight markers {anes 1 and 2) are shown on the left (n
thousands) Lanes 3 A culbertvon: 4. A astronyus . S H vermforran,
6, N fowlen, 7, A pobyphuga. 8, 8 avaru

vealed shared bands between 49.5 and 30 kDa (Fig. 4A). and |}
avary antiscrum revealed several shered bands between 328
and 106 kDa (Fig. 4B). A prominent band between 14 and 21
kDa was always seen in the Hunmagnnella and the Vuhihampfii
lancs. This band was also abserved in control blots consisting
of only the adinity-puriticd immunoglobalin conjugate of goat
anti-human IgG or goat anti-rabbit IgG 5 no rabbit immune o
human scrum was used) and appeared to be attributable o the
affinity of cach conjugate to an umdentificd amocebic protein.
Because of the {ack of promiinent cross-reactive amochic
antigens, a pancl of amachic antigens representing se cologs-
celly distinct ¢pitopes was used 1o screen human serum sam-
ples for amocba-reactive antibodics. In 2 of the 10 pook of
serum from Army recruils, @ prominent band of less than I8
kDa wis located in the A culberone sntigen lane (Fig 5A).
Whea the sera trom cach group were tesiea indwidually Iy
immunoblotting. the reaction with the A culbertsam antigen
could be associated with one individual trom cach group.
Lightly reactive bands of greater than 32.5 kDa were seenan alt
10 serum pools teated (Fig. 5A). Little reactivity was observed
in immunoblots ¢f serum srom seven laboratony penonnel;

Con Dives Lo Iaaeson.
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FIG 4 (A) Immunoblot pancl of amocha snbigens ucated with
only H vermgonni. rabtahimmune scrum (1 L0 dilutson) Moleculs
woetght mahens (lanes 1 and 2) arc shown on the Icft (10 thousands)
Lances 3 A4 cudbertvon, 4, 4 astresnoaas, S H venriformis 0. N fonden,
7.4 pohpliaga KV giane (B) Immunablon pancl of amochacantigens
treated with onhy Boevdrn rabbil unmune sciwmn G LG dilutum)
Molecelar waght makers tanes 1 and 21 are shown on the et (in
thousands) Lanes 3 4 cultherwon, 304 avroenas. 3. M sermaformn.,
6N fonlen, 1. 4 poliphiaga. K.V wvaru

howerver, a pronusent band of approximateh 1hS kDa was
presentin the 4 cndbertenu antigen lane of one indviduoal (Big.
5B). This band was comp rable 1o the one obsened in tao ot
the serum samples from the Army recrun group.

The specificity of auman antibodses reactive (o 4 adlbertson
antigen was assessed by absorption with focd whole cells. A
comparison of absorbed and unabsorbed sera showed that the
A. culbertsoni-reactive antibody was remuned by the absorption
with homologous antigen (data nol shownj Banked infant sera
from infants Joss than 6 months old were also tested by
immunobioctng against the pancl of amochic antigens. No
cvidence of eanweha-reactinge antibodies was present an any of
the hive infaat scsum samples,

lmunoflucreseonee testing showed thas human scrum re-
actne oA culbertsene antigen via immunoblotting also caused
formalin-tised A cudbertsaom o fuorese under UV lighh,
Negative controls made with human serum that was unreactive
W 4 cudberpvone sntigen did nec resudt i the fuorescenes of
the formalin-tined amochac.
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FIG 5. (A} Immunablot pancl of amacha antigens trcated with 10
pooled scrum sumples {som Army recruits with ARD (1200 final
dilution}. Mulecular weight markers (fanes 1 and 2) s1c shown on the
keft (in thousands). Lanes. 3, A culbertsoni, 4. A asronvas, 5. M
vernuforms, 6, N fonden, 7. A polyphaga; 8, 1 avaru. (B) Immunoblst
pancl of amocha antigens treated wath the serum of a laboratory
workei (1:200 dilution). Molcculas weight markess (lsncs 1 snd 2) are
shown on the lelt (in thousands) Lanes. 3, 4 culbwersom, 4, A
astromyase, S, H wmformu, 6, N fowlen, 7, A, pabyphaga: 8,1 aran.

DISCUSSION

Scveral species of Acanthamocha and one species of Naegle-
nig are capable of producing discase in humans (12, 15). The
route of infection, the counce of the disease, and preventive
measures have been detined for certain amaebic discases such
ay amocbic meningocncephabitis causcd by Naegleriu species
and keratitis caused by Acanthamocha specices (9, 12, 13). The
fuctory involved in the spread of pathogenesis of othier forms ot
Acantharmoveba-associated buman illness are less clear. Al
though Acaishamoeba meningocncephalitis has been most
frequently encountered in immunocompromised individuals,
the majority of the population undoubtedly has been exposed
to these amoebac in the environment. Legicnella pneumophila
can usc Naegleria and Acanthamoeba organisms as host celis
for intracellular replication, and Rowbotham (20, 21) nypoth-
esized that amochac could also serve as vecton for the delivery
of Legionella bacteria to humans.

To better understand the eavironmental transmission of
amoebae 1o humans and the epidemiology of discase involving
free-living amucbac, various scrologic methods have been used
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10 assess the presence of amocha-reactive antibody in humans,
The serologic methods used previousdy have included the
indircet fluorescent-antibody assay. complenent fisation. ag-
glutination, indirect hemagglutunation, and Western blot anal-
ysis (3, 7. 10, 14, 19). Rosults of those studies suggest that
humans have naturally occurring amocha-reactive antibodics
represented by IgGoand IgM. At the present time, it is not
known if these antibedies are a reflection of environmeotal
exposure o amochic antigen. the consequence of subelinical
intection, or the result of cross-reacting antibodies from some
other source.

The number and character of Nuegleria epitopes identitied
by using human scrum have been eaxamined by Marciano-
Cabral ct al. (19) by Wertern blot anaivsis. Their resuns
suggested that human 1gGoreacts primarily with inteinal wmog-
bic antigens, and these antigens show extensive cross-reactivity
amaorg species. Conversely, the amocba-agglutinating activity
of normal human serune is a tunction. of IgM reactivity with
surface antigens, These antibudies are species specitic. Ann-
bodies {rom human serum react o both pathogenic and
noupathogenic Naeglena species. and individuals appear to
have been expaosed to diderent anmoebic antigens Ina study by
Dubray ct al. (7)., immunoblot analysis of sclected human
scrum against N fowden or Nacglena levaniensis antigen dem-
onstrated four bands of reactivity. The resuits suggested that
human antibodies recognized identical antigenic sites in both
of these species.

Maost recently. Moura et al. (16) compared the antigenic
characteristics of 13 Acanthamocbu strains by immunoblo
analysis by using homologous and heterelogous rabbnt immune
sera. Most bands were observed between 20 and 1165 kDa.
and the staining intensity was often so great that it was difticult
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b indiidual bunds, T somc instanees, antivadics
cross-reacted extensively ansong the 13 strains. Cenain anti-
gens were more extensively shared within cach of thiee
Acanthamocby morphologic groupings on the basis of immu-
nablot profiles. Bt was also apparent that certuin subgroups of
Acanthamocba were more closely related serologically.

Results from the present siudy demonstrate the complea
protein profiles associated with the free-fiving amachae follow-
ing SDS-PAGE. It is apparent that the majority ol these
protcins are highly immunogenic in lsboratory rabbits. A
notable observation is the relatve lack of cross-reacting anti-
bodics among the selected amoebac by immunoblotting. Even
within the genus Acanihamochy, the sclected type species from
each subgroup were serologically distinet: These difierences
are consistent with tac division of Acastthamaocha species inio
distinct subgroups, in part on the basis of serology. A promi-
nent feature of our study with deanthamoebu specics was the
observation of distinct broadly immunoreactive proteins of less
tan 18.5 kida. These bands were observed only in immunob-
luts ot the three Acanil-amovba species with heomologaus rabbit
immune scram and in the A culberived antigen lanes of
approximately 3% (3 of 112) of the immunoblots developed
with human serum. immunoffuorescence testing confirmed the
reactivity ol one of these three hunan serum samples. The
supply of the other two scrum samples was eshausted daring
immunoblotting and aborption assays,

No distinction has been made bhetween the two reactive
scrum samples from Army recruits and normal adult serum
tahen at Indiana University. Ttis likely that additional stdics
representing other groups of humans will be reeded w deline
the range of naturally occurring amocha-reactive antibodies in
numans. Previously, investigatars have demonstrated by immu-
noblotting that certain individuals have naturally occurring
antibodics that react with protozoa such as Toaoplasma gondu
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{18). The source of the antigenic stimulation was unkinown.
Studics have suggested antigenie similatitics between 70 gondn
and other orzanisms that are not considesed to be pathogens
cnd that rarely occur o humans (18). The specificity of
amocha-reactive antibodies detected with our assay was con-
firmed by abworption studics with 4. culbertsoni antigen. How-
ever, the eaact events assoctated with antigen exposute or
antibody induction in our investigation cannot be determined.
Our observations suppaort the coneept thin previous exposare
to A, culbertseni may be respoasible for the occurrence of
reactive antibodies in thisv small group of individuads. The
ability of the immunoblot to detect human antibodies that
specifically react with A culbertsoni epitopes suggests a likeh-
hood of detecting patient seroconversions to this amocba and
other scrologically distinet species of Acanthiamocha as well.

Human anubodies reactive with N foselenn antigen were
detected in pooled serum fiom Army recruits, In one blot, a
sharp doublet was observed at 49.5 kDa (data not shown).
Other antibodies reactive with N, fowden were detected by ihe
presence of three te four bands between 32.5 and 106 KDa. The
appcarance of these bands did not difier fron the appearance
of similar bands of the same molecular size in the Lanes of the
other five amocebic antigens. These bands were not as promi-
nent or deeply staining as those reported by other investigators
who used immunoblotiing to assess the reacuvity of human
serum with N fowlen antigen (7. 14). This could ke, in part. a
reflection of the test parameters such @ antigen concentration.
serum concentration, or other variables. Other investigators
used o 1S5S0 human serum diluteion, whereas & 1:200 serum
dilution was used in the present study. In our study. we did not
note major differences in blot results when the serum dilution
was reduced from 12200 o 1:50. This lower ditution resulted
vl in increased hack ground staining Our tnvestigation
aizw represents a study poptiation dificrent from that of wher
investigators, and as suggested previousty, difterences in results
with the Naeglenia antigen used in immunobiotting may repre-
sent geographical variation in amoebic antigen exposure (14).

The similarity beween Hoovermuformis and 3. avara in the
Coomassic blue-stained gel was pronovaiced. These two genera
are closely redated morphologicstly, and the simidlaritics in
protein bands would senve to underscore this similarity. Addi-
vonal gel electrophoresis of these two strains was performed
on replicate cultures from the American Type Culture Collec-
tion, and the nearly identical Coomassie blue staining patterns
were ggain apparent. To our knowledge, these two striains ot
amoebae have not previously been compared by SDS-PAGE.
The results of this indtial comparison indicate that additionat
studies are needed w0 dewrmine the significance of  this
sitnilarity and if this is a consistent feature of other striains and
species in these taa genera. These results demonstrate that
these two species trom different geniera are remarkably similar
by SDS-PAGE, ycet they can be distinguished by immunoblot-
ting. The consistent appearance of ncarly identical bands
between 14 and 21 kDa in only the Hartmannells and ) uhl-
kampfia antigen lancs abo merits additional study. The visu-
alization of these bands in the absence of rabhit immunc or
human scrum suggests that the electrophoresed proteins di-
rectly bind some component of the alkaline phosphatase-
immunoglobulin conjugate. The anlity of certain componenis
of microorganisins to bind immunoglobulins in a nonimmune
fushion, as obseeved with protein A, has been well established.
This has not been obsenved previoesly in the pathogenic
frec-living amncebac.

This report documented the major antibody-reactive anti-
gens in six specics of free-living amoeba. Reactions with rabbit
immunc sera demonstrated that cach amoceha was serologically
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distiner, and there was ittle crossacacting antibody. This
instght has important mplications tor jutuic atempts o
diggnose human amoctic mlections serologically. Apparentiy.
it will be nece: any o use a battery of amocbic antigens
representing the serologically distimet species and genena in
order o recognize the presence of smocha reactine antibodies.
Thus study provides bascline information on the presence of
antibodies reactive with frec-hiving amocebac in hunan serum
and suggests the feasibility of usimg mmmunoblotting to detect
scroconversiens inindividuals infected with the pathogenic
free-living amochac.
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