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Identification of Antigens of Pathogenic Free-Living Amoebae
by Protein Immunoblotting with Rabbit Immune

and Hurnan Sera
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rabbi Iiiuivirw. is hmuableasa The iftent ak% to defri ime If promineft epitupeb Identifiwid afth
raiMl wmim ta cool sibs be rwmpad kbs amau ,erF. %ilkt rabbit sem the 4m eirpasrfl of

sadiuA.is ainMpus Two ar aore himd basi at lets than W4. LDa uae promninnt fraturrt in three
dillit 4*adisino sprc*el le crosi-rcl.'e antibodies cmWl he detected betucen rrpirrseatathir specie%
of1 (brithe dbimlen seiprup of 4caa~usa&*. .%ekorr satiltrauns% lkirise scrulogicalit disinact, as. "er
11maamwils sad I shilietpo slutigrau. The Myatine laci of cirosi-re-stim saibudies hulseren the pathuocni.
attita wegrued (wha I muld be de%4rabe to use a per of amoebk anllgi'fl to represent the tange of
seru~giik-Ab dittuct aeias. for atiesalt irractitt antibodli In huwman sera. In pooled human ieeus 410
serumt bpmommi peir poolp, (be appearance of mimimali~ nractire band% ranging from 32-5 to 106 LI). urns a

omimes lemaure of all it anigeu. 4 praminaut haud of' less thbs. 5 kDa was Identified ins the Acaathamueba
ruffilaiii astieu Lose In2 of the 14 Luma. strum specimes pools. Whn the sera from eachi of the two gruups
isme ted hlad lb~ b) membltlg the reactioin viab oke.. cruitni antigen could be associated %ith
one Individual. 8% using a pael of amoebic atigent,. this. method could prosei useful in recognizing
unadiallowed amoebic lmfetions b) retraling bpedhic reactise matibodies.

The generdAct4 (aurnui , and Nauicriw include ,pcies of epiiopc!s. a% demronstrated b% using the Western blot (imm u-
frue-using soil and %Later amoebae that arc ~ktcspread in the ntibiot) nivilhodology (14). Nur'rgha immune serum does not
criviroflficrt and that hase;. the potentkal ito produic life- cross-react with Actu/rarnocha antigen (1?).
threatening ilns.To datc, the pathogenic ptenrtials of The purpoxse ol the investigation described here was to
certain specics within these genera have been adepiiy demion- identify prominent epitopes. of certain pathogenic and non-
strated in laborator) animals and haxec occasionally beeni pathoge iic free-living amouebae by using rabbit immune sera
observed in humans (h. 12. 13. 27). In humanm, N'glenafiniled and the WCste '111lot methodology. Suhsequentiy, human sera
amioebic rueningoeneephalilis i.- a.cwiated with intranasal from patients and apparently healthy, individual.- were
Instillation of amoebae daring swimming. T'hc amoebae %ub- scrcenc.J bv immunotilotting for antibodies reactive with
sequently penetrate the central nervous systcni via the olfac- amoebic antigen, . The2 majority of the human serum specimens
tory rcervc~s. ACandtidW,?L- species may also produce mc-nin- screened were obtained from Army recruits who suffered fromt
goenccphialitis. but the illness in humans may be more chronic. acute respiratory disease (ARD). Viral agents such as adeno
with resulting granuloma formation. Although the A-I strain virus or influenza virus as well as Ai-fcopllasmapnewntpooicw e
of Acantlzaroa t ullkflson invades the central nervous sys- previously been identified as occasional cajusative agents of
tems of experimoenrtal animals by firmi penetrating the nasal ARD in Army recruits (8. 20). Despite attempts at isolation
mucosa and then spireading to the brain via the olfactory and serological surveillance programs, the :~tiologic agenit in
nerves. AtantawoeM spcies may also spread to the lower man, cases ot AiRD has remained unidentified- A logical
respiratory tract and tithcr site% hematogenousiy. Acan- esiino hs tde ol eatmt oascaewr
thaintwlsa species -aa also intect the corntea (licanthramueba etnin(tteesuiswudh tepst soit t

keratitis), and this discaw e ifteni assoeiated Wth contact lens ART) other potentially infectious agents such as arnoehac.
hear(12 15~ Stdieswit in~ur~ ser frm laoraory Amoebae have repeatedly been cutrivated fromt the upper

%cblrt (12.mon.Stue ttw ime seiera fArilaorato shre respiratory tracts of human:; in differenit survessN. The incidence
some common antigens. but lhts cind be. subdivided into of amoebae in upper respiratory tract samples has ranged horn
ditinct icritgroulv% (5. 16. 24)_ In afddi tin, specics of the; genus less than I ', to ats high a,. 24C4 (1, 4. 1t. 25). It has not been
haervw thare votiin anti~cri. Zu aIMIi hase distinc't clearly determined whether the: occurrence of amoebae repre-

s-nts the outgrowth of transient cysts that were inadvertenitly
trapped in the respiratory tract or if the amoebae were in the

ow'r4%,a auwiaE Itjhrw adthr lkaimnit o4,5 l)IW active Motile trophozoite form in vi.:0. Amoebae have been
Ism k ini.*rar %L~ -4 MI4kuww. 4Wt Firnlemtl% flattO.)L;. obsersed In the lung tissjs of labortt v animals which have
NXI I norrwm We. Iedsap4Ku I" rb.us31 ti (31-1r been espei icritall} infected intranasl s. The possibility exists
27 1 that amoebae also) could cause loweri resiriatory tract disease

t rMW Diritiar"~ W~ 1 W Miiwk Icre- %AJdk in humans.
LiftittvU. Mugcm.s tst 1 751 It 'Ad% the Iintniloniof our %tuJ) ito determine it the
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prolrtanent amicetik pIstuopc. adcni.ikccJ bN inii rabbit inimunie ArmI1 Nitdic;.l ('enter. San Ilranciscot. Calif. 'Ilt facilitaite the
%riA could 11L decnihcd tin human %eia ti using diflicit numillctitcotd serumi samrples irn Arm% recruits %cre oo01led
11n"ItChk antici of tour dificrent genes... .4 ( Ilsniu lif, iwto 10) group% ot it0 scra- it h each ,erumn resent in its
A, atrharnmmlia fit Ipuoxv. and Ac. .utinuit-1it awtitDi ut 7L rc rcspe:ctise pi-sil ;it a dlilution i t 1 .2MN. :1crumi poools isic
caib uscd a,, %,u,,:, 4d nta.Jn. I.Acl %pccxU% i' a represent.l %uhseqiucink tcsic.d tot Own ai ections %fiill the eleetropho
itsc q4 a d.iccn subgr..;p tit ta a,,gja:,aI.iii on the ba.sis o; res&-d auiittcttic dittigetis
nvitwhitipg. rus.irArric an64% and sctolof., 12.1) ihice: Eidphoresis and immuasoblotting. SD)5 plt~acrsli.mil
ti4fthe, grla acre rcpi4eintEd tIn using aileti.1 of .% I...hct gel vlvtrotphotrci ( PA( l ) %as lit.rittflkd b% using aI Mini-
and ihe th't .Athy~na free-lIsting am.'et'ac I1arftarIi1w114' Il- Protein 11 lDua Silb ( C1 aliplatatus (liii' Rad. H ercules.
IMWu/.n; and I .dul~aitqa~ki "Il.e Ona ( 11 bitt-asis, ol [t:e taleiil, (a1.3 . I I%%. initfogS .tin ti anitOni. pfotilln AIt. lo..uicd Into
scaicn tit I'airc (1 71. the gcnus flantia.,,. Va and parti.u1.ulit C~aI 1.11tit of 1 5-n1ir) 15', aCts 11cItan lisfl a4fsakn
ihc pcnu% I ohiA~anrn arc Lumukied it, be dtewl% related its gel (presttcghcd dcnlamidc-hisa..rslanndc 117.5.11 mriturt.
t Wenu.. %.arna 1171 Ibc scrol..gic features asid aligcnk I 10iold ttinplii ceirollhturcsis ooiutrcd it. apprOItx

cltsiiltcrs%i. these tuoi gcnersaicr less itell knoin than arc matchl 35 miii at -~ Iti~ l tla. el ifs~h e't
ItHYa 44 thc fiorrA .%a.-44-.'w and 4Ailitiocts1-i be %sained tot prteiin isce %tlamtd isih ( tionitassic bluc

III& frpot cxtcnds. the asidabkt mialirmatisn rcearding thu. Ptotein, Acrc triistett.d .iao ft '.45 -sp -si niirtkielu
scirthii l.fItla.mhipsAnd psorlmri epitop... asi.itatd st los%,c 1 ran%-Hiolta e NIII 6,J-1,111 (flt- R.d3 hs uslig a ititi
lh.- paikhogen... freIni-hng amotk-htie ( .. tarn epatopes repre7- 1 en% Wllt I 1lA.ttt..h~wi,,ti I ransfet (i-Il 5.. h .Il. [lieIt unit
sensting ditFfernt anioeb., tfciks, arc ,.ceisiohidall teettgtircd (IlitRAd) (.niceC tr ii-.Ic txvuried at IU 3tt itil thie
tv% Adult hurnun %cium Tis doeiunirtititios it:Oc elitirhoii curient tanged litm !Sr1 ito 3.511 mA t'er t- mitt
c1l1% separtetd antigecns and reaiser hunman %cfa suppts% lt:e I olltssing itart'lt. blots steic %ash.d i I'lls filt 101 min ii.
conwcpt tha.t huMdtis arcexpowid it) antibitid '.-inducing lceseis glass% %tdiflifg dishes onf a clinic:al rotiator f I ishci. Pittsbuigh.
tit Antiticn from bioth paitgenit and ntinpazthogcnic amoeibe. Pa ) A %14M speed Ih-71 isete then b'llei filt AO niln al Ilillni
%ith additoral studies. immunotblot% %%fih humian %era and tempeiratlte ith I ', holsinc sesun Albumin. dilutcd itt Il'N
amoebae antgen% Lould bec useful in reectgnizing thiN cllpisurc. tb 0.05'v 1,Aes-n 2in (ph 7 4. 111t1St Iipcn Alter vlashinig thec
the Assoc-iated patholttgic manift%ations, and ltsth hitid and blots ticc in MI145-steii filr 5 mmr ca.h timec. thes ietc
suix-linical In(LCtion1 %kith the pathogenic free-uising amochbae inc'jbsijte in the diluted ser at itionm temperature lor (Al

min Pvchlinars studi.. eimpiraig the inteiitics tit stining

MATRIAS AD Nit0 iminiunolotgshi using a tange tit dilutions isieldc-d opt imun
dilutions lot !abIAt and human %era 1-rom 1:2 eital diautlits

Amoeba cultliation. Amocbae wsere cultilaled axenicalls in of i-perimmune rabbit soera ranging fioni 1: 1111 to 1: ttt.IXXJ. aI

the optimum growth (or cacti species. A. cultlerfen ATCC( himan Scra ranging front 1:14) to l:1 OX). ;I dilution ti 1 :2(141
YH)71 andA. pntj;hL;Iua ATUC.31461 %vic gioun in irypticasc %ta% selected. !Blots stere then viashedct lit ict: in P135-ivteet flt
so) broth. Plati: count broth (Dijf.:o, Dctroit, Mich.) %A%. used C' nun cacti time Kftire thV COnFjugateC %%d% added. 1The alkaline
for cultivating A. atrvnyXis ATCC 30137. Medium 114 %%its phosphitas Loiajugatc (Sigmad. St. Lois. hill.) of anti-rabbit
used for cultivating VK avara, HI. i-c-nniformts. and A'. jinvien (2) immunoglobulin Gi (lgO. ith-Ov miolecule)%ia. diluted 1:24.NR.
Cells were incubated at 25'C (exccpt for A' f.'wln cells Ashich in PIIS-11%een. or thre alkaline phosphata-w conjugate: (Sigmia)
were incubated at 35'C) and were harv-ested after a monolayer o! anti-humnan lg(i (gamma chain specific) v-a, diluted 1:2.5t,
was fornmed in approximately 72 h. It. i-rniffionnin -Aas kindI) in PIIS-Titeen lmmrunohlots %%erc incubated in the dilted
provid-2d by Barry Fields fiom the Centers for Di~scast. Control con'jugateS al roomn tempcrature for 3(0 min. Before adding thfe
and Prevention. Atlanta, Ga.; N. fowled Lee was kindly pro- substrate, the inimunoblots stere %%ashed tvice for 5 mitt in
vided by Francine Marciano-Cabral of Virginia Common- PBS-Tweni and then once for 5 ntin in PBtS. Imniunoblots
wealth University. Richmond. wcre then dese lopewd in brn'--ho--nolphshe

Antigen and immunc serum preparation. Amoebae were isiludinium-Nitro Blue Tetrazoliun Co!or Dvelopment Solu-
harvested vy placing the culture flasks on ice to dislodge lion (Bio-Rad) for 10) min at rlom temperature.
adherent cells. The amoebae were pelleted by centrifugation Absorption. For absorption studies. 5 X 10" amnoebae (for-
1,400 X g) and wci-e washed three times in sterile phosphate- maIm fixed and %sashed in PBS) were incubated ir a ]-nil
buffered saline (PBS: p1-t 7.6). Immunizing antigen was pre- volairne containing 4(0 p of human serum and 9W) #Al of PBS,
pared by adjusting the concentration to 2 X 10' cells pe-r nil in and the incubation mixture was rocked at 3SfC for I h- 1 his
PBS atid then freezing-thawing four timeis with liquid nitrogen, preparation was then centrifuled (4tX) X g). and the serumn
New Zealand White rabbits (weight. 2 kg) were immunized supernatant was subsequently diluted to 1 :2(K) before imru-
otnce weekly with 2 nil of the antigen preparation for 4 noblotting.
consecutive weeks. Antigen was delivered via the marginal ear limrnuntifluorescenec. For iinmunofluorcscence testing, an
vein. Osic week after the final immunization, the rabbits were indirect fluoresc nt-antibody procedure described by Sheects c;
bled by cardiac puncture. Washed cells for elczrophoresis al. (22) was used. The procedure uses fornialin-tixed it-ioebac
were pre~pz.ed for Pierce BCA protein determination (Pierce. and incorporates a primary anibd ofeteIvpr ui
Rockford, 1ll.) by solubilizing amoebia pellets in 100 l.l of I Ci rabbit serumn or human serum. IThe secondatv antibody is
sodiumi dodecyl sulfate (SIJS). The soiluble protein was boiled aflinity-purifled goat anti-rabbit or anti humant fluoresein-
for 5 min in a 0.1 M dithiethreitol reducing buffer prior to conjugated lgG (Sigma).
eectraphoresis.

Huan sera. The human serum samples used in imimuno- RESULI S
blots consisted of five banked inf.-nt 'r~d seven adull serum
samples stored at the Indiana University Medical Center. One Whole amoeba lysates subjected it) 51)-PAGE wete szaaned
hundre:d additional human serum ramples drawn fromn Army witl- Coontasa blue (Fig. IA). Multiple protein bands wsere
recruits diagnosed with ARk) were provided by L-ettermait apparent in each species. Most bands were greater (hall 18.
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1:1 1( (A) SI S. lA( Ii- of differe:ni ajm. 5 ha..pcie %tsaiied vtithi 11 2' (As 1nnm, i.'tt panelcl it ap.'tdl eift i.ed ut ih

(oonla'sie blue ThI. Io% - and h-gh-mo eeulai -ucight ni..iurs (lane I
and -);ire sla ts aon t he left (in I lou.ind.. Ian". 1A cuNM41,4 on I, 4I~ i Ob, rt,, rahhi t imiunt ciii. e- (1 1.1tI9) dilunot NaioM iccul.If
4 attnfn mt.1. 5. It tenionomat h. A f. .wIi-n- 7. A Npohla.. 1 . Ve i1 ht ma.rkc: r ( l.tlc. I tlul 2 air..s,ov ion th,- It (ii thIousaitdx
t' am- (11) I nnmobl.)t pan.:t represeinng ithe totaii number of insults~ Lite'. 3A1tI~i i: .. 't it.i * 5- if m irnwrin, .% /,m-Ih n.

not:j~1%epnnin and vIan,.b aiiign% reaed i, I-~jc 7_4 Itylui. h. I wa. am. (B In itninilo t pane li ofniocti.antigc:n,
flogsa.I.' pr 'wn had' f .rnt a atigns rate v.ith tud ti eatc %il. h onIA- a.: ti i, r..hlit in mun, Crurn (I I I IX R dii Ult in

rabit i mnmune Sega coniposd of immune se.rum from each ofti. li M.IeI, sahimres(ie .n 'i.s.x.no h i
antil. %pciet 0t. I.ixxt Iinatl dilution each) I i culai %c ight mu-lk K hi u.id %,ig I akr ans .. 4* i, Im 4.O .4*-j it: 5.' in the left 'mit

cr- i's Ilniie I o.nd 2) arc rsb.iv.n oin the left (in toi .'s.nJs) L an., 3. 41
c i, %l,tii. 41. -4 .vnii itA. 5, II. 1ii onih. t. N /,)it tin. 7. .4 , J I c-n. 7.4 .1 ph.I t'iu i. N. a' i

p ..'t7'1h . . . a-a

decit iped at nmtotecul a r nuases ill grecater t hani IK k1(5 l)i. I
kDa. with the exceptiontito a broad difluse arca with heat) each Acarnhamficsi speccies. ttu' Ior mire broad bands tit less
hands in both .4. poh-phlaga andA.. cuffll'trutoi of les'. than- 18.5 thtan 18.5 ki~i %%ei piotninicnt leaturc%. Byv ',iont-twsc biuc
kDa. Lach of the three At atirlitim(Oi species had it diffe:rent staining, there %%cre rd-atiel% Io%% nuninbe rs ti pci 'ti balnds in
banding profile. In A. avt:.'vs, the dccpl% staining hand atreas abo-c 32.5 ^Da in the .4. imewlls.-n Itatc. lihtcmt 18.5
between 27.5 and 31.5 kDa was unique, and the tost tuittttr- L~a lin A. asF vivt,. and abose 49.5 kl~a in .4 jrn'Iyphaxam:
ous and densely slamning hands were greater than 27.5 kI~a.A.. lhouvever. th.. Wcsterti blot. shin-ted seseral major hand, it;
ciijlhey'Aonti stiovkcd it% must intenselY %tai..... hands at less than thse are:- indicating that these% proteins. suer highl% anni-
27.5 kDa. A. pmdy~phaga had promincin: hand% that ranged fronm noy nit I he presence: of multiple: hand% b% Wtk%ern imimunto-
less than I8.5 it) 44.5 kI),t V atua and HI. t,-ernafiorj.t shared 11lnttii~g %tis a comminon feature of tachsicis
a number oif minor and major protein hands. with the primary The occuriltec of cro%%-reaettng antibh)dic%,sAiv asessed h%
diffe~re~ncs related to thle inten:.ity of band staining rather than mlltwing the pan'i l t ransferred amnoebic antigens to rect
ito the pirescel of difieret-c rotein%. N. fmtulen was distinct with indisidual ralthit inimaneC serunt ( 1-ig 2 to 4). Nutit us
from the other genera. but its protein profile wats likestisc %tell-delincd band% stere ohscrsel onIN 'A iii (hi. boritttogiou,
ctpised of mnanNs band-, which we.re most nume:rous alt antigen atat rabbit ittinunn serutin dilution ti I IM stith 5 jug
greater than 27.5 ki~a. of antureic antigeti per line. I:est cros- reacting antibidis

The total number of immunoreactive: protein bands resolvd Acre detct:ed b.. ysten the !hre.: Ac~rhc:,pna spccies cho-
by immunoblottin8 with the six poolcd hvpevrirnrnunc rabbit cen to, rercsent dileren, suh,:rtup% of the genus (UI-g. 2 and
serunr sample% is illustrated in Fig. I It The band% represent 3A) N /ot-I,.r, %%t% siiarly --crelugieally- distlinct (Fig. 314)
the eptiope reactions of each amoeba spc..ics with bO IDespitc the suittlaritic, lin polyicrvlainidc gels stained vtith
horitologous and hecterologou% immunec scr~i. immunoreacti' e (oonassic blue, the uinurtobIois 1 v tnmi:J(mrnit anid I'

hands for Noegleiha, ilarnpndnla and I iliarnpJila antigens% iari %scrt: relativels disinct. HI t.'rinfJnn attlisrum re-
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%%egh mak lnsIad2 arenPP~mnon te l ftdtio!t 'cuiii, 1il 2 3 t4 9 6 7 6

Ihwes n_41 uN-n%,jm.A Ihnin.4 4,~nn t.S 1 tc,,uf~ nti. 1. . 4 . (A) .Imuti. o parc (B Inn r'I. o.nioen o t ict -A11... t,, i lt

treated Aih d anA'fts ra it i mmune and ti I~ Ia -ij 1.001 d,-il vI sh m cN(ie m )r tintnteU ttto
Mot' uar atsr m naed Oeal I ad )re %im h n theef(n 2.5_ i~-rPj4Aatei -A lw a/7%f.
tand ( Lam% ( 3i.4HA prli-ominent hanm.51 vew e rjf~rm 7_4 andphga 2 hS. F mat prt)nlinent hand t p~i nc..L im Oma al)i; 11,t
kA. o was 7ly A.e in t4hega lfN. waad aV tht un t~Iaijp reat kin th mil I ianwm rAnbt inic lan m I 1n 1.1ndiu(Iii.

of ~ ~ ~ ~ ~ ~ ~ MCL11 %%n!>i theiCF (lane-triie Imuolo~i conjgat 2f goat the~t onun sampk fromt th(rrttcut ru
antihumn lgi o got ani-rbbi lgG no abbt im uneor huane spuI-mt> 1_4 clunntwit. e wrnim. .1 t' A (Llomm1% .

hu man shared h a e)andb t e n 4 .apeared kto b I att 4Ah a nd t I thA ant i n . 7 s. se b>I ! Ajh a S t. o wIt % w ol c ll .

affty o each-m eonjugetle to ea unidntifed hamobic pcrte32.5 cmaio fas~e n nbobd~so~dta h
can .10 f th (Fig. 4B. prominent hand -eaei 14 ankhi 21 .htoI~'ti:r vat . rennmc ad fa iosud th~ the kah. %ato

kates, alwy pa n o n amoebi nantiell n d peti e lili. prwa i h .o 4u nie (aa'o hwi]llncJifn e~
la. 'lly isnct waiops als uscr~d oien humtr n bosecri m - rmin f )Th-an %s chmn aic itnth o we1re als tetd oo

of or tmheat-rtie imntioges.In ojgt (if ga the Idru %jnls offruomtt.gagis the:Am raeorau~i antigns. N
seri-um a frm A on r rgorut atrbbint band nof lebb s thmune I. I csiec opt~fict tit mha-r antibod ries ii% to.- prset in an> o

kDurna lcate n %as . n calwarcdn 1ntij aniute it 5). h the an i nfjam s bru samps l %it!%; %toccls
Whfint ohf ea fonuet o an gru were tliio irnaidai roein Ionpatiun fiu hOre n antinasoiw th,,r huni4"Ac setitil re

cd of thseiack W. pominentdua fro eachaiwi grup lor ti-isnd ractnlt:nik to% fio - und% thca%' liht
Lnigtly racts p and of rae atigen% re.5 resentirg Seell in al N ti o antro n ma d a tith hu %trmi thatke w a nt n rea

Ills fr arrilm t ed(i. A.litereactivc ni~ c.I ityth 10s o sre 4 tit i uslokr'i, agnt e id c n trui anothi anuorigen%- No

in nnlthoo seru m ahromp ee lahoralr persoel: In fa-,irmaln-tisedoC amoebae. c ha hnancun c
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106r(- tor assess the pr cscoix k it anmocli - re act he anti ibrrdv rr liumai ns.
80 3 lic serologic inthods uscd previouNh- bas 11,uC 11CUd IL

49.5K - .glut inahion, indirect lcnrlttnrst.and Wesicurn Noit anal -
vsi (3. 7. 10, 14. 1 9). Resul ts it irs rsc studies suggesNt dhat

32.6K- 0humans have nattr-allv ocrnrring anioch. r-rcactisc an 1kidics

27.5K- __ reprjcscntcd Iby I&G ;ind 1gM. At thre piesciii finic. it is no t
known if' these antillv dies ire a reflectioen :it c nsirsrnn oretal
Cescrs it, arusiciic antigcni. tlic ccnseqluchicc of suliclinical

18.5K - 111111 intccin. or the result tit crsiss-reactin it r nt ihoic% fromr sonlic
sillir ssiurr- e.

Thre numiber arid chiaracter sit Nuachra epitopes, idenrtifie'd
by using humnan serum have been examnined liv MarJiariri-
6Cahral et al. (14) by) Wocien Nlor analvsis. Their resris

A suggcsted thrat iurnran 11:6 react s primari Is witl It nter n]a iii r -
bic antigels. and thtese unligcns shrim cxtcnsisc cross-reactivity1 2 3 4 5 6 7 8antorg species. ('sniscly flie: arnocba-agglutiriatng act sitN
(if nornial hurnan sersint is a tunctimr sit 1gM rcactis ity ssith

106K- - - surfae antigens. These~ antibidies arc species specific. Aln-
90K- -bodies trom human -scrurn react to bsoth pathk-genic and

49.5K- -norrpati~ogenic Naeghna specie%. and rrrdividuals appear it)r
have been cxprsed tor diticient arnoebic antigens lIi a study lby

32.5K - eMDba t al. (7). inimunoblsri analysis o! selcted humnan
27.5K - srmagarinst N. invr-kr sir Narcidcna ksonicrsio antigirt1 dern-

onstrated four band,, of teacfi,6iiy. The results suggested that
____ _____hunman antibtodies rccosgni2-cd identical antigenic sites in boKth

15.5K-' of these spccies.
Most re.cently. Moura ct al. (UI.) coripared the antigcnic

characteristics of 13 Acuarthamncrha strains bs ininiunoblirt
analysi% b) using honmolorgous and heterlrgow. ralitrit ininiune
sera. Most hands were obsterved between 201 and I lfi.5 k~a.
and the stainiog interity was ofteni so great that it was difficult

S-.i-:...i.IL~. *......... ..... .......

croms-reacted extensively among the 13 strains. ('erlairi unti-
11 2 3 4 5 6 7 8 gens were more extensively shared within each (it three

FIG 5. (A) lmmio panel cif arnss'b aintiftns treated ~ath It Acanthratn-h morrpholsogic groupings on the basis of imnru-
Skkilcd scrumn rample. tiri Arm% recruit, %ith ARI) (i.2tm) final nsrblot profiles. It was also apparent tha~t erlJini smubgrorups oft
dilutioin). MoIclajr %ceight mdrlers (laneS I anid 2) rue: sho~n oin thc .4canthanres' were more closely related serologieally.
kfr (in ttLousarrdl Laine% 3. A re1i,. 4. A uacrrrntIA.. 5. 1/ Results from the prescnt study demornstrate te complex
'wrfaimus.h i. 1c/c,. 7.A Atgi/.ij,ie S. I .alra (H) Iminiunoilst protein profiles associated with the free-living amoebae: follow-
panel tit amsrctis anrigenrs Itatcd ath rhc %erum ti a Iauraton- igSSPG.I sapen httemjrt ftet
-orker (1 :21(k) dilution) Molecular %ecight markers (lanes I anid 2) tarc n ISPGi ti paetta h aoiyo hs
shown sin ilic left (in thousand 1 Lank:%. 3. A (-ufti-r,!l,; 4. A protein~s are highly iniunogtnic in laboratory rabbits. A

5,rryn .It irmuifrpnr. 6, A' fimit-n. 7, A. ,kJ.riqa. 8, 1 : atur. notable obseLrvatior is the relative lack Of cross-reacting anti-
bodres% among the selected amnoebae by iniunsiblolring. [sen
w'thir the genus .4cunultamocha. the selcted type species fromt

DISCUSSION each subgroup were sC1rologically distinct These dificrenec-
are consistent with w~e diin of Ac-a',ibatwwwIs spece., in~o

Several species. st Actirghamorschu and one species sit Natw!r'. distinct subgroups, in part on the basis orf serology. A prsrnui-
rru are capable (if producing di-wa~r in human-% (12. 15) The nent feature of Our study %ith A.4-aminea specices was the
route of infection, the course of tht: diseasc, and preventive observation of distin~ct broadl% imiu noreactise proteins, of less
mce-ures have been defincd fo- certain amoecbic diseases su;.h tian 18(.5 kI~a. These bands were )bser-ved only in inmmrnoh-

3% amouebic menirgocipcephauhitis c~ij.Au-d by Nat'glitria species lots o' the three Acanrg/ainohsg species with hsontiologsrsrs rabbit
and keratiti% caused by A-anrhairich-ha species (9. 12, 13). The immune scrami and in the A. enu/hens'-ri antigen lanes citrcnhrub-wvadhmnile. r leclear. Al- with hum..n serum. imnunofluorescencc testing continued the

thuhAcaaiuanueba meningocrneephalitis has been insst reactivity of one of these three huniun serin samiples. '.hC
frqe~yencountered in immutiocompromised individuals, supply of the other two serum samples was exhausted c!srinig

themajrit ofthe population undoubtedly has txe exposed immnmnsrhlstting and abs-orplicin assays.
toteeamoebae in the cnvironmeril. Legumrella pnumophdiria NO disinetioir ha%. been mde !between the two reactive

can use Naeglena and Acanrlhintmba organisms as horst cells serum samples frorni Arm) recruits and nornial adult %crsrn
for intracellular replication, and Rsiwbothamn (20,. 21) nvpsrth- taken at Indiana University. It is likely that additional studies
csitLed that amoctbae could alsoT serve as sctors for the delivery representing other group% of humans will tie reeded itr define
of Legionedla bacteria to humnans. thi; range sif naturally iccumring amoeba-reactive antiboitres in

To better undlerstand the environimcntal transmissioin of ntrmarns. Previously. investligaruirs have demnsnstrated buy rnumu-
amoebae to herman.s and the epidemiolgy of disease invsi!ving nsrblsutting that certain inidis-iduals have naturally Oiceurring
free-living hmoebac, various %serologic methois have been used antibiodies that react with protozoa such as Tiu~cq'asnu gc'riu

ki~.~ ~ ~ . ~i.7UWfW.. f-tis
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(18). The source o th ie atilgciic StiiiULtiiOtt w~aS unknaisn. distinici. and titete %s.is little Ctoss l.tcctittg aittiblotiv. 'I Ili,,
Studics ttavc suggested antigcttic sintilatitics ttctssccii 7. g' ',,dt itisiglt ht, iiplot tLIM 11I)Itpliixttiit It I I it Lit Lat Icinpils It,
an td oiither oq~ n isnis tha a nt contiicc it) tic pat iogeiNs dfitgtio.NC Itlii aitotic toted is .c icls Appai eils
cid that rnirc!s- occur inl huniati (IS). 1I.c sliccilicity oft it will tic liccc. alNito use it blitte\ %,I anichc antll ci

arnoeba-i cactivc antt ibod ie c etccted with ont ;ssav was C:oll- rcp s h tig t ltc c gica Ihlk ditinct specics ; .11dt gc ica ti n
lirrocd by ab:.orption sItidies ss i~ i . c u/ht.oni aot igc 0. Ias- ot dcr to rccogtt t/c ! ttc pI c sc lice of ;- mi ic ha t ci c at ti bics.
ever, (tic exact csi'nts associated wkith anrtigecn exposott (1ir 11nit sit.1 idPt ositics base it itt oiati,iii oil lthc p c sc ncc ti
a itihod\ intduct ion itt our ins cst ie_:t ion can not tic dct crat 1intc d altli dit-s rtcact 1st- wit i I rcc - is Iing anictha.: it tin i i sctii il
Out oibserivatijolts suppiut t tic concept that previous c\postirc at ii sugge st' fil t 

t C',sb it I of tvitIF iliitinnoblot till,! to dvcc
ito A. cufhcrisovii may tic r-csporhIsbc tor tttc occutrcncc: oft ,croconvcersiorns fin individuals ilttcctct.1 \%titl file pathtop-nic
rcitct is alttitl idics iii t1il, smnall gr op it iatdisiduAts. 11w fi cc-I iitg a tiocht xc.
ability of thc immut-nob-lot ito tctect humran anitibodics that
specifically react with 41. ( ullert-sori epitopes suggests a tiketi-
hood of detecti ng patietnt seroconscrsions ito this aniocka and A( tKNOML3EDG)(;NINS
otler scrologicatly distinct sliccics of Acandtloucho ais wel.

I lurilan antibodies rcact ''c witth N 10it-cr antigent \crc We 1ti.i1nk KsI t'i1nksii to[i it:c Ctc anlit I iit t. iot 11
detected in poolcd serum ftlout Arm\, ecruits In one Nlot, niuscript miid Rhtird loeg i\tt lidtilt thicli' 'ii inid .id'icc
sharp doublet was otbsmred at 49.5 Wita (data not slosst).
Other avitibo(dieS TcaCtiV(. %ith N. lo1w/i0 wrcC detected by [theRLLLN
presene of three ito four hands bei'Aeen 32.5 .stid 11th kI~a. Thc
appearance of these hands did not differ front the appearance I. Badtflocl. P. k.. T. K. (;rinitiind. J. Cadsig'nn S. L. I~vistin.

of similar bands of the sarne molecular size tol tc lans oif thc M. S. Essen. and B. 1). [fill. NNS~ Nasal riiagc tit iec- is g
aniochiac - Nii t. ct cttitisit:'-other five amioebic antigens. lInesc hand-, we-re not ;is promni- 2. Bn.N. crb and l W. itata th Di,4 110:74,1-751 s cini s

who uised im ntoblot ting to assess t he reactivilt. of humian 3. (triM. L. P),;') Ai .ihamodk. i idbtawyr"t a nd NVcir. lw i ut..rn
serum with N Jot/rn antigen (7. 14). This could 17.c. in part, a 0kCUttC1ice Of intiidiv, tin nian i J lf I h ti ni. I NMicroitoil
reflection oif the test parameters such as% antigen concentration. Inirnunol 3PN$ ti03.
serum concentration, or other vrals Othei ins-etigator% 4. (mna. L.. V'. Scrlius. and Vi Skwl. IL)73. Isoljtioti t liax
used at L50 hunman serum d itl io. w~he rea% ;. 1: 2W se runt ai cht: titilt tte iuk ttt ti t mii Vltia Plar isiot lha ) 211.
dilution %a% used in ithe present study. lit our stmidN. %%c did not 0- 103
note nijor differences in blot results when the setutit dilutioin i. Culbertsoni. C_ (C. 19N~i Arnctn: mcnicitioicuphits, Anli'to

was reduced from :2181 to 1:5t. This lower dilution rsultd (hecntot 30:2K-53.I
. in ~ik in inerttaisl~ hAclrei,iiinnl msi in in, O,i r inv-,sr iti .. j ulbrilson. C. G., J. U. Smith, If. k. Cohern. and J. R. Ntinner.
. 1 1 .. I .5 -S.i~ii micali itci hil 0! nice : aid nitinkLcss 11% .-tilialso repriesents. a study population diftererir front that of other (1,,,-th X11t j Pl'hot 35: tN', l'7.

investigators, and a% suggested pie% iousl4. difference% in results 7. Dubra). B. L. M. I- iilln~. and B. k. Jennlns. t140. Sc r.tig,
with the Ntaegi4i antigen usecd in immunoblotting rna1% repre. of a4Xf.'jcI.-'i antdiy'.,jih- /..iantiv%,, lii hosptal stirs es .
sent geogratphical varlatin in anioxic antigcii exlxiSute ( 14). t'roi'oot U422-327.

ilte simuilarity htecct 1. tcrniufitnrua and V. aiara in the h. Diaddil. H. A., F-. IH. Tup. Jr.. P. L. Miter, F. L. Buescher. 1'. ItL
Cooniasiv blue-stained gel wias protnountced. ihese tvo gencrat L~aia, and A. ttthoitiL. 197. Acuti rep-,aior discais in
are closely related ntorphologicall). and tilt simlilariite in miltiti) [ltite, Ami J Lpdeniiot 97:157-1%.
protein hand-, -Aouid sere ito utiderseore this sintilarits. Addi- 'V* Ferranic, A 1~ 1 reelii" a~e~cpth'eii tdiii

tt F'.rasiic I niniuntot 13; -147.tional gel cleetrophoresis of these t%%%) strains '%as pierformed 110 keinv-s. MI. IIJ71 1 hticr tcKoinivr comiplement tiii testir
on replicate eultures frm the Amecrican Type Culture Collc,- rotionc serening hir soill nit-ha iticctiort I teitih I ah- Sci 8:s I It
tion, and the nearly idetntical (~xaumasiv blue staining patterns I I Latoanc, H. 1'.. S. N. Abraham. 1. Jutin. and 11- J. Later. 1101).
were again apparctt. To our kto%%Icldge. these twio strains tit iRc..e of ,Ill annu-01ias toni 1tC na'as.it pas..t %-I ctiidicii
amoebae htave riot pres iously beent compared Ii> St )-I'A(4: during &h dust) ltlnrniatiian p..ritKI ti 7ara An. J Clin Pt'.itol

The tesults of this initial compariso indicate that additional 71:201 20t3.
studies ate needed ito determine the significance of this 12. kMa. P.. G. S. Vlsiristan A. J. NMarttin, L. It. iThedarv. P. M
sitnilarit) and if this is a consitent fevature of tither %trains atid Ihaett. and .1. L. Sawir. I'NO t-K-nc, and .4,othattus-h

specics in these t,&tp gettera. 'These result% dcnionstruite thatt inftwit'ns. rvsicss Re% Ititec it t2:4'Jtt-51t3
these two species from different gerivrra arc remarkabhly similar 13. falteiCbs. I' ys5. flioilog% of Naql-n,, spp Nicr,.bitil

Re% 52:114 IW3.by SIDS-PAGE. yet they can be distinguished by immunoblot- 14. MkarclatinCab-al. V. .k1..L Cline, and S. I . Bradlev. 1905.
ting. 'the con..isitnt apisearate of necarly identical bands %p~dottcl) tit tittidies friint tiltt scr.a for %Lcin~a sj'ecc. j
betwieen 14 and 21 kDa in only the Ilannmannlla and I Wi!- ('tilt Mic-rohiol 2:02t'7
Ikamplia antigen lanes alsto mitsl additional study. If he vi5u- 15. Marlitnct A. J.. und C. S. Vieisara. 199t tLatatorm diaigti%
alization of these batnd% in the absenice of rabbit inmount or iii pathogcnik ftec-lisiV ;iniic:hai NlugleInai. A .ian,iiiidsi. and
human serunm suggests that the electrophoresed proteins di- Ieipve (ii [At'. Mcd. I tlrt1472.
reetly hind some coniponent of the alkaline phosphltasc- Ili Mourn H., S. 'Aallas-r. and G. S. Vissi~ara. 199-2 .4(,jmihjw-1
immutioglohulirt conjugate. iThe anility of certain components heal it N. Sp and the i..wni3 me and i-viitmlot tof 1 ir tiic t
of micitoorganisins ito bitid immiunoglohulit-is in a noninimut 4 ntiunc AUfimt-ha sppi. gniups% I and 3. J. il'titis. 3W-57.15,N3.
fashion, as observed - ith pi o~eit A. has bei. n well established. 17. Page. F. C. 1 08N. Pottentiatl I.llihigciis p 7. In A nc's kvs to

This has, not bee-n observed presiot-sly in- the pathogenic fresh%%.ate r and %oil & riiianiicbaie. I- resN.. .ikr Btioloigicali As'.Cn

free-livintg ainoebaei. :itiit. The leti H ouse. (uiibia, Lnglatud
I .Potasmuan. L.. 111. G. Arauj'ij, and J. S. Reminpton.v. loxo-

This, report doconientiecd the major a'itibody-reactive anti- plasma antigens. iccogniicd t,% naiarailt) oiccurring hiuniar, mnils'U-
gens in six species of free-living amoieba. Reaction.i, %kith rabbit ic%. J Clin Microi'i 24:lt)SQ-t1t54
itmmunc sera demnonstrated that each amoeba wias sertiltgically 19 RetlI). NM., t. Nferctano-Cabrit. 1). W. Bradle%. and S. C. Bradle%.
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lI %. AgglraltnI.tlit i Nard.I'a ,1s.l1 and Nacgc'ua grof-in b) Inco. IDis I3(NujpI ',):S3(,') S31
atillalh'tits in litian %ci tar. J. ('lilt N hicaI'al 17;5"/t, 581. 24. Nisivslara,(;. N.,anal W% . linatth. 11'175.

t 
P.ili laisoi

201. Rowbolhana. 1'. J. I1')SO. PI'ltanoaaix icp, io ilt pa IlItgcaui I) of Riltil Itlk loig adi ;x.IIkogCIliic iIcl'J.cIt- Wili spcI-Ii rkIici cai
I C 14[(iilh Ijn IeoI 1111 t I 1( iil~ia ;I k Iau soIV l ild%1il awAocrI li (to1 *'l, urwithom Ir. J. Pa sic,,' 22:245 25r
Intiit'I. 33: 11 79 11 h3. 25. W~ang. S. S., aieda II. A. Irldowin. I ko.I 'aho if 'illwinaw, U-lt

21 Roawbotat, 1I. J. l'8Xn. Cumm ii % sirm on w ik cItion~liii lx spccws I,,Ii ';,mauiidrii tus N. I oigi J. Nicki. 277;:l1 4 117*)
ixi tt a noon at,. criorac at'.nd mi.ii. Is: J. - Nct Sct. 22:r,"8 461). 2(1. Wea.zcl. R. V'., 1). 1'. Nidaits aick I. 1 '. Smith. miad WI. L.> Baana. J t.

22Shets. P. I.. A. L. Nettainat and S. 1). Allen. 14 ccw f IY71.A IICTCj' t1 11 I% I a92 I Ilicto It 1971 At Iai T csj'I 111to Its~ic IIaia Itit cpc Ii g Ikit %%tstI

hulaialla stritiat :alik),aics atii e si ttiiiii t t!.giI tti't itiuuiti) Iiadiitts. NI1). Miii. I36:N'7. $81)

use of aiiMUC tttclUhuicit attiil'.t (11 A) tt't, pail 1). siil,tc 27. Mn~tfg. NI. RI., S. U.. Kate. anl N%. 11. Ilalanatitl. 11)75 I1' aoil

lioti N. 1)-%.j I1N. A J. J iLtc :and A. I1 Soldo (cd. 1. hoo,iols at1 Iinfectiii'. o " il th Iigclii:4c c-ix tugj oiciutii Itisttoi p0[,-. I

l1rt0tozttiiu1N AiltatI'i css. liii> I a" [tact. Kans mtunc hts. 1. I1i) A siiudx tnt it uep:Itil1ixI to . ,suniywcl'.
23. Visstus ra, C. S. 19i91. ( tssi fin of 4(tarithiamoctjtim Rts . ailb,' ci' tia. J. PI'.;I~Ij 'sll.(aI -41901.
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