AMVEBI ASI S SUBUNI T VACCINE Claimof Priority This patent application clains
benefit to U S. Application Serial No. 5 60/581,248 filed on June 18, 2004,
and U.S. Application Serial No. 60/581,577 filed on June 21, 2004 These
applications are hereby incorporated by reference herein. State

Regar di ng YP@aWeA99¥¢2 Sponsor ed Research Or Devel opnent f@TﬂiS@“ﬁBFRO

supported by NIH grants PO -A i/g ]Spﬁglqﬂlwl Al35840 from NI Al D. The
government may have certain r"&b‘ﬁ? $I8 AVeMt$BYE BACKGROUND  15Anebi asi s
is a disease or infection caused by an enteric protozoan Ent anoeba

hi stolytica. E. histolytica are rrenbeﬁs, of &_I arge genus of naked rhizopod
protozoans. E. histolytica is a parasi 0 of humans that can cause

br eakdown of body tlmypﬁexﬂwphaglohmfamtbbﬁmuoﬁj Sm;ﬁﬂx@iﬁ&l%ﬁall}ﬁ) extrenely
common. Worl dwi dem c area sucé{gs India, Africa, Asia, Mexico, and

20Sout h Anefi ca%gféﬁl %436@?9%"011”“‘? He 2 d’ﬂ’PP%at‘P‘h?g@ﬂ@B WLRBA.5YEar . OF those

with infecti ons,ﬁleqrbhyu@tmuzoolo%&l@y@hl@aﬁoﬁsyam iRdEdrAR HQbfefch® or |iver
abscess. The | ow incidence of synptons is thought to be due to a bal ance

bet ween host i mi¥fR® surveillance, parasite strain variation, and |ocal
factors such as diet or bacterial flora. The "pathogenic for m' of anebic
intestinal infection refers to E. 25h| stol yti ca which nay be invasive and
result in synptontatemenidegandingdios Spensered Researeh Qr Bovelopsent | nmune

regi ne. " Nogpat hogenfis $/H s 9 p@{‘i@biy@ﬁH%Tarn%fP@]sM@%ﬁ[maﬁQm di spar. E.
di spar is norphol ogi cal | %/\gAdentl cal E.” histolytica but is genetically a

di stinct speci ed3 (?f!ﬁm %r%@ﬂerﬁ?ﬁﬁl@bh‘ﬁ'ﬁcwln yelbyindka ri ers of the
i nfection. Subjggtsiopho eventual |y exhi bit 30synptons harbor E. histolytica,
which was first established on the basis of their distinctive hexoki nase and
phosphogl uconut ase i soenzyrnes, and later on the basis of antigen
specificity in ELISA or by genetic g I«f@k@ by PCR It is known that E.
hi stolytica infection is nediated part by the "Gal/Gal NAc"
adher ence |%ctin. Th@mpmzwsrls@élsepaémrumfewy@ms\mm@nﬂqawowzmn- 35r educed
mol ecul ar wei ghtg, of,,260;;d1550N £ SPGs Hia: Iﬁe@l%gtolfgqh nakedBr capt oet hanol
yi el ded two subuﬁl tng al\l/l ng lcm) ecuogr mfsses of lé@k%a gﬁ;gvy subunit) and
35 kDa (|ight scizappd B’rOtOAPﬂnF bb diisadytigi iscqaragitie @n@qbeoﬁ_m@nan@mmnumt wer e
capabl e of bl oc brasdab @6 6¢ S kiR dfStionS LRel I %9@9) Ther ef or e,
the 170 IcDa sull:é)%dgn?téi“(; ﬁ ?I evgﬁ 9511611 %§n ttKfnrr%lr gﬁ"&{’?o‘? tsg)r(lt(r:e I'n S5medi ati ng
adhesi on, and i sommon.j Weddwidd, erwnédth@reassupkh@ 11d1@ Adiea, Adiachlexico, BMA nol ecul es
encodi ng bath t I (o] The heavy and
gnt sabunlt's. Srul AReeR N0 dodeek fodeh G R ERR fuy T PRtoscllfy 123
subuni ts have diifféctipmnonipabondl 6 ddhelop symggons soctsasa;nhltlsl‘wtllecrmbsca*s sequences.
- 10SUMVARY OF T v RV
Ent anpeba hi sto:ilg? gocb:\!;/%ng\% fsgmgtoggm@g}gﬁ(gg%ﬁ'{ L gg‘iflgmg va(e:%nlh(r%g vvherel n the
LC3 subunit pepimmend ssrvpillese)dardsite amnezhﬁamn,!amélc&mlrfamd)rs twhiandiooe nucosal
anti-lectin | gAba erlapﬁ)cg'x Equ&ﬁé Q1 f# 8t e'bmq}xtgst&xgl'igfectio% er%r@cp k agai nst
Ent anbeba hi stol'y A7 ca or E° dispar. Tn Cettain

25 hzstolytzca which may be invasive and result in symptoms in infected subjects

and elicits a systemic immune regime. “Nonpathogenic form” of amebiasis
refers to Entamoeba dispar. E. dispar is morphologically identical to E.
histolytica but is genetically a distinct species, which is harbored
asymptomatically by carriers of the infection. Subjects who eventually exhibit
30 symptoms harbor E. histolytica, which was first established on the basis of their
distinctive hexokinase and phosphoglucomutase isoenzymes, and later on the
basis of antigen specificity in ELISA or by genetic differences by PCR. It is
known that E. histolytica infection is mediated at least in part by the
“Gal/GalNAc” adherence lectin. The purified lectin was shown to have a non-
35 reduced molecular weight of 260 kDa on SDS-PAGE; reduction with -
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15enbodi ments, the LC3-based subunit peptides that are used in the vaccine

i nclude portions of epitope 3 or epitope 7 of E. histolytica LC3 reconbi nant
protein, which is a cysteine-rich protein of the |ectin heavy subunit (am no
aci ds 758-1134h nunberi ng schenme consistent with Tannich, 1991). For

exanpl e, t H& BP0 ytica LC3 subunit peptide vacci neP¢EUSHOBREW by LC3
am no acids 20nunbered 891-903 or 918-936, which are subunits of epitope 3
and by anino acireRcapsibercdyiclded iopsybgnity havingranlacuomassby f 78kBa subuni t s of
epitope 7. The v@a&G) E\%uﬁ%m@%klﬂa&igﬁ@hmh}%}lﬁ%&i%cﬁr ctedtothe 170kDa

physi ol ogi cal | y--accept abl’e, non-toXic vehicle an aglj uvant. In certain
enbodi nents, t heubund verirapitle gfblacking syrfeesdbesiande thstaebiiPatmi, 2%1930l at ed DNA
sequence encodi feffe e 75 YBH QibuniPRREESE to! ' i.ments, the DNA
encodes an LC3 sn%ﬁyn_i t L{)ept ?{ge _colrlllg ai n:jngd (%)Etol fgﬁ'ﬁoﬁ%ﬂ“mpgﬁ%géﬁfd resi dues
from about rsesi duesliagog aghesierhend is pidined mfergdo asthoHi0derdhesins NN 918 t o about
resi due 936, fr ShRUL I 14 £S] f rom about
resi due 1128 toqg%out%yr_rgélgig%g&ﬁa%é %Ftﬁg%gér}'?%{%bﬁﬁlg%g%%ﬁ%%@%d't @ 30LC3
subuni t pept i de heavyang &gt apttunits arggricaded pp disti€8 mEMNAs{Manpdpeli)ckadi n t hat t he
variant LC3 subypi [ ' ifd Lon: . more amno acid
resi dues. The rrgg‘lis% ?@gﬁséﬁ%n‘g@%e ggﬂgfgl%%ﬁé#&gg%aans%tseg nltngi'lt)i on at one or
nore am no aci d segsnasies (e.g., a conserved substitution). The vacci ne may
further contain an effective anount of an inmunol ogi cal adjuvant or other
imune stinulating agent. In certain enbodinents, at |east one subunit
peptide i s ®onjugated or |inkKEVMARY OETHEINVENEION e. For exanpl e, one,
two, three, four, fiygs pr@enShvenBGRrbHES aff BRaRNGBLInRKETick Befin-bREL | €r nol ecul e.
These peptides can all _%ree?he Islams typeaof aepeti.de,?fglrc_ cgﬁn Ee different
pepti des. For i AéB3znbuait peptide gaccimeswiisinin the b@gwb@l@épmm ipraseny inea®i no aci d

resi dues 918- 936780/ LbER tSHRID e RERLI A8 s b Jl ' cid residues
1128- 1150 may al F.g(geePIPn e(fsito a p%l yl ysli nen%%%g%%grﬁ%ldﬁmaoﬁg% er exanple, at
| east one of al |prifngigr(e-gos Bunkang against frdempepa hisiohkeadbrifodishae. begertpiar nol ecul e.
The carri er, .nol , B : : i .a. pol ysacchari de.
toThe prese1ﬁ;’t i%\%h‘ﬁngﬁxé?efs%ﬁ?p%w E@ntﬁ@éd?%@gg%%%g&f g“ﬁg%ﬁ"%fgea susceptible a
primate (e.g., andudemaitiongefiepitape B or ¢ritopeol §fth. dégrobricEl. CHiesprabinand| oni zati on or
infection by adm.ni.starl the. pri f i a vaccine
contai ni ng an E:ﬁrgélﬁl’o‘gggﬂ%?é}?geﬁ%ﬁ icg%}O@&gg@ﬁﬁ{nth%%yﬁﬁﬁgg%é? ‘glgsn the LC3
subuni t pepti de 758-1pHeswmtteringischemefoneistent weth Jamninty 1%90). i Fod exanplaythesal

anti-lectin 15l Jd I Lnt. i n rein the LC3
subuni t pept i A e ﬁ‘%ﬁ’ﬂg‘%’t‘u&pﬁ&%heﬁg§“§?%ﬁd§gﬁ?3@ffg’a‘%@gpt abl e,
non-t oxi ¢ vahi clnembérad 8Hr308ion9 BrI86 dwinreindre subuhiés of epitope @ andsbyeaminmi st er ed by
subcut aneous or _intramuscul ar..i,pj ect,i | n. pt her. e i nen t he vacci ne
is adm ni stered aﬁlias %‘frrér?ereféﬂégé%lizg]ﬁr f(;lrbk-ﬁﬁor gﬁlg}ggrlelwbun%‘%%glt%oreesrerﬁf i nvention
further provi devaaineinsaylbatirechmebircitipuwitlf a gy siblogiasityedseeptabst ndnytokica LC3 subuni t
pepti de, wherei netihle rlracé’)d svurll)[uni t peptide induces nucosa! anti-lectin IgA
ant i body pI’OdUCtVI 13>(r2|e|‘an ajlbfll imat e agai nst Ent anzoeba histolytica or E

di spar. In certain ehmwdiimenbsiiméng the lCARutunjp eqttide & ekpredsed fromaba hi st ol yti ca

epitope 3 (am nq i 68- 944) or. epi e.7 (am.no 25aci.ds 1114 to 1134).
For exanpl € théSOZﬁ(ﬁ??ﬂ%’gse&S%‘i"F $0 lggg'ﬁi‘ggéﬁbugépﬁf’ e'algﬁc ’ia"éci ds nunber ed
891-903, 918- 93@mbaditéntd, 1RTINAncbd&&n LL3 Gubuiit eeppitle serdiningscatipuoon al so
provi des an isolated and.purifie ol ynugl.eotide contalning.a nucleotide
sequence encodi r‘i‘@“’&’rﬁcg.re ‘F‘?f %?rﬁ}flgodl reﬁléfb@dg%?hof“ rf)sé‘&eigggﬂc‘ﬂﬁ%brogﬁ n the LC3
subuni t pepti de residlis 9eStorbon salduasis, fromabiunresidiagilatntdbbadysiquedtizict i on in a
2{ ![ g: eD?gi'l Zts t @Fﬁﬁ%k%gu? lre}gltdlug ?123 I:co zli':E)'outdrlesslCRJ%rl150-.|-tfr(1a ceet%lnyerﬁilf)%ldi(ran%ggs,qﬁe may be

30 LC3 subunit peptide is a variant of wild-type LC3 subunit peptide in that the

variant LC3 subunit peptide has a modification at one or more amino acid
residues. The modification may, for example, be a substitution at one or more
amino acid residues (e.g., a conserved substitution). The vaccine may further

contain an effective amount of an immunological adjuvant or other immune
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The present invention also provides a purified antibody that specifically
recogni zes an LC3 subunit pepticie that conprises contiguous am no acid
resi dues from about residue 891 o about residue 903, from about residue 918
t o 35about r(fgi due 936, from about residue 1114 to about residue 1128, or
from about V¢ E%Y1821128 to about residue 1150. The ant PEHHH200H92158

nonocl onal , pol %/ﬁllvgnal and/ or huymani zed. In_further aspects, of the present
i nvention, the PURAEFHNEagen-sngpratrrabpdimenisort fpast pes sbrnibpsPHIKIS i nmrunol ogi cal

reagents that caonjipete®bOEHIEER a dArriét R¥ledle. RS pEOMRY Mvd thrdeR8E Pepti des.
These reagents are specific 5 for each of the nucleic acids that encode the

peptides, as wefYe S&5f prptidesRrpbeinked wagpmiennelade. sThesedientides pas adl

ol i gonucl eot i depPhohew t%@aﬁipzﬂtﬁe,f&ea@&wmtpéptiaéa.essr ihQhtlceARRL | des may be
identified by one of ordinary skill in the art, using conventional nucleic

aci d probe #esi vt peptidesicarainiyg apinageid resigues %3 8-93hendiivae sdyiénces for these

peptides. ioAl Sﬁ’epﬂﬁ&\ébﬂﬁ%lgﬁmﬁl_o%ﬁih&ﬂiu@,@lﬂZg-mﬁ‘é@ﬁa@iaﬂ%,e"I’in}?é('l%ECt agai nst
Ent at noeba histolytica or E. dispar infection by adm nistering to the

subj ect an ef f epqlylysnehesihene. dn apothescxaniite, aideageans of gbunpssible Vacci nat i on
W th the vacci N Wiidslis Efkgdolthd G plofEoMB eecﬁlaﬁp@ﬁlesd?@&aﬁg&cks the

car bohydrat e-bi hding activity of the anoeba, I's needed for both
col oni zat i on anekappket becanalypritidejong polygquhieridsr esent i nventi on al so provi des

met hods of ,j denti fyi Lt Reptd : ' i ques
descri bed iN}l t he Eig?rlglpfeegg ntlg&%%%ﬁ’}f%}é%rlg%%&g@ B@WE&Q%S%%?@QS

Reconbi nant pr ot piimaté teaggradnimen)meaidsl debisbtrm or Esdisac colomizasionpe di gesti on of
LC3 DNA. Restri fﬁﬁée%‘n @%)ﬁﬁ?ﬁﬁerﬁfg&@&e iffath AL RR R Ao Jra RS are

represented by their no acli d sequence numnbers. Seven reconbi nant LC3
protei n fragnencostaintng dnrmrgreely higlelyécad(Gdulusit peptide, wheRigthed. C3. ELI SA OD
results for ser [ Fi . i kes.(Figure 2B)
using purified ﬁ@ﬂ%hl%eeqﬁp%%eﬁtaﬁgh?ﬁé ?giiﬁaeoéﬂﬁglrhg% @%ﬁ%ﬁ%%ﬁsﬂ? St udy groups
i ncl ude sen®negh antgbadmipredectior dh the ptimae,spd Fbasiy thetldiPesubunit pptdeposi ti ve

subjects with current E_ histol yticadnf on as determ fecal PCR,
subj ects recent nyC O%‘Elrn %tl H&I{hﬂpiygv@l? %gazlilﬁg cc\%ﬁahlg’untog?%gce%et fcgg N rl%geyrg%cR) , and ALA
subj ects free oémbadingnts] the vipgine isl atlmirdstared Gyesubautanemms yemtrarafiscelar cure. There

were substantially.higher |IgA and | ant.i body .levels in,recently cured ALA
sub ect s w th oPiPhanensrbelEns R Aekos i p R By kSRR
asynpt omati c i ninesdasatigl i nfection, conpared to controls and ALA subjects

cured one gar ago ( gO.COStfnor tpagJ%ér rovides F} ?lutreg 1§d R%%(ggni tion of LC3
epi t opes by human ant't PIEES PgAUSA FrivgEratides AL Hrae aKPYdnt i - LC3 mui t he
| gA nonocl onal BatmbddiheslynByLahalbysii geptide, shereimtled A 3asbuditgieptadet | body
recognition of Lg:-} gr ot eiln tf.iag r/%?} .bc\}ﬁe f (aund .that 1gA antibodies fromALA
subj ects (i nf eclPEYFHIUMH AP Igfg HPqY BIRTUHIOR FLARTRRIEASIM] ect s wi t h
asynptomati ¢ E. Ektusbddh Yilsiobaich 6f B elispa Iiaddrtaihembodimzitsl tesubaiigsptiieand 7
(shaded oval). O'}J anti-LC3 1gG antibaodies, r i zed epLtope six (open
oval ) which was' 8&"064?1 hisigs é“’%gléqpeéﬁ‘%mo ?ﬁbqségggg 4 BA?pIERH??Ka“gE‘Cg nurine | gA
monocl onal 2ant i ipdiles to @ CRGNFaredansé, tiRpabunk peptide &, enfode@BP1.63 bhijno
acids numbered 891-903, 918-936, 1114-1128, or 1128-1150.
The present invention also provides an isolated and purified
polynucleotide containing a nucleotide sequence encoding an E. histolytica LC3
subunit peptide, wherein the LC3 subunit peptide induces mucosal anti-lectin
30 IgA antibody production in a primate against . histolytica or E. dispar. The
polynucleotide may be either DN« or RNA.
The present invention also provides a purified antibody that specifically
recognizes an LC3 subunit peptiue that comprises contiguous amino acid
residues from about residue 891 <o about residue 903, from about residue 918 to

35 about residue 936, from about residue 1114 to about residue 1128, or from about
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and not epitopes 2 or 7. Figure 4. Recognition by pool ed human
intestinal and serumanti-LC3 I gA anti bodies of synthetic peptides based on
the am no acid sequences of LC3 epitope 3 and 7. Ten overl appi ng pepti des
wer e synt hesi zed based on the 10sequence of epitope 3 and two pepti des based
on epit opeWP.209o e i nal (triangl es) and serum (circl eHCVERBARIBDdi es were
obtai ned from subjects cured of ALAwith current infection (black);
seropositive, agyhPedidt oebmersidug 11$tbThecntbqdymay pe medodtenabnegati ve PCR (-)
control subject eeTel N j . recogni zed
by intestinal aﬁ)giygggﬂr%ﬁing an%?%dggﬁgdgqgﬁgl%ﬁcglgfth%érseaﬁﬁ?glg%ﬁl,ow@féﬁpar ed to the
cut of f poi nt estintshiighiedir¢pjedsebatimrusiid acisl apd mmuriodogidebreagedsshapeande and 11
wer e recogni zed . I j . i .ecal and
serum | gA anti b&g(?dgg‘%glyg}r%h’g’gﬁ@aﬁ%%& ogﬁ}e%ée)e@@g%%#g%ggeﬁsi aves%g{iﬁ‘f ects.

Fi gure 5. Asgr agbr denuitbt mmieicnagids et ameaa the-pe@Bles, gGwalhtd thadRNAesponse 20i n
baboons on days {

. foll i four intranasal vacci nati ons on
days 1, 7, 14, e{’n(geléérovc\lng%% %E%f%?’g’ &%ﬁ?ﬁ%&e@ gf)e}fr?ge)sf’peggi%gc\’/raaﬁ?méﬁ %ﬁe (bl ack
bar), LC3-based timpfidudpepiidesonayee (dentiffed bgonds o8BiarP 3l inthBarhAking 1114- 1138,

1128- 1150 |inked rando . SI X | ecul es. 1.0 _a,polylysine_.hackbone; 200gQ)
(1 )ghtl bar 2i5 nhnfg‘é‘iegfofj“;&jfggcgg ("‘E?&ﬁd’i‘l“f}‘%i’ E%O‘Ef%%‘:%?rf&io_ﬁg‘fﬂi%} ot fai n (200
jig) plus c holsequandes fir ptidgy. (shaded bar). Bo e intranasa
r econbi nant 0LCB vacckse aond %ipse synt.het.i c Ee ti detp.v?cci. ne itndu%%d serum | gG
anti bodi es % the refORBINAS La(%éﬁfﬂd PrdiuLIEng &SRRt ReadPsHEy e
Figure 6. A graplsi@huions dgavinteanidn bylad@inistering €6 tAdfubjeochn effegpenses i n
baboons on days 7, ‘3}4 21, . and 28.f§I I ovviﬂg four i.nt{’anas.al )ﬁacci nati ons on
days 301, 7, 14,2"H% %53 viiens avtrstibedatoski Yepagione i thewceiaril al one (bl ack
bar), LC3- basedefiptimimniac sispoasd thstiboksane chsboBPdkatdBmhdin® b v@36f the114- 1138,
1128- 1150 |inked rando , Si ecul es. to a pol yl ysine backbone; 200 jig)
(1ight bar in m2Qf }Vmﬁglsﬁﬁ?‘féf‘?%%o@fc"P@Eﬁ‘(’ﬂ hostas i it protein (200 jig)
pl us chol erg toxin (2R pre@ht ifehtsiedsopasvides mehodstdAidehtfying @lirthet he r econbi nant
LC3 protein and 35t he syntheti ept.i de vagcine i npduced serum | gG anti bodi es
t hat recogni zed S“Wtipﬁ%t}/dﬁ%lufl%ﬁ?‘m%@?q‘%f flsserioed i the E’fﬁ"@feélbﬁlf’?”ca t r ophozoi t es,
which is present on the surface of the parasite. Figure 7. A graph
iZOWiZQg se(rjuranaPt: l—pepti dfe Ig% j : oin bfglgoonsI on7da3l/f1 7, ;
: , an ol | owi ng four asar—vaccrrrattons on 5days |, 7, , an
21 with chol era toxi RiguROl.nRecombidgntip@tein fadgorests plodecel floarrstridticB- based pepti de
vaccine (am no acids 891-90 -93@ 1114-1138,.1128- '1]t5<P | i nked
random y, six RN SR Lf): ‘AS/S|dﬁtél° cé{lcel%ydﬂeé;snﬁ(?ﬁeglfd'f??ght bar in
m ddl e), orzopur iffagmentbare kdpresédi&l byelodminiimedasid spqehe mmb2@0Seveq) pl us chol era
toxin (20 My) (shaded bar).. |y the syntheti epti des, vacci ne induced
serum 10!l gG ant ir5°8m%8§“tﬁ<§3tm@?‘§fa$m y (é‘tqf’r\‘?%gtt@p"?e&?%r(? Y64 L3 epitopes, as
determ ned by ELI SA Rigube DUELIEA©D fesits fofl e8urh aimi-DO3 dgA @Fsgu8A)0d3, 918- 939,
1144-1138, and 1128-1150),..The reconbi nan C3.vacci ne, i,nduces |19gG
ant i bodi 65 to i HEGRIOhehFRReE TH0E PHERRLEF FEi PR breaRe FERGETE o) Sbut not to
the four putati wetiyonpil ireCStidyerdups ineldd epnsgatied unefectdaycormgingi Ng W t h human

Ir g?pgztsgbodéses. a%?rfpgtgrhjgt%, s%}opésig\;easﬁlt}ecstsh\%\% crllgrertlt% hl.ss'z%Eylfligc]z 1% c;[c{ic;nLa(s:B ' gA anti body

determined by fecal PCR, subjects recently cured of ALA with and without

infection (by PCR), and ALA subjects free of infection by culture criteria one

year after cure. There were substantially higher IgA and IgG antibody levels in

recently cured ALA subjects with or without infection and seropositive subjects
30 with asymptomatic intestinal infection, compared to controls and ALA subjects

cured one year ago (p<0.05 for each).

Figure 3. Recognition of LC3 epitopes by human anti-LC3 IgA and IgG
antibodies and by anti-LC3 mus ine IgA monoclonal antibodies. By analysis of

serum IgA and IgG antibody recognition of LC3 protein fragments, we found
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i n baboons on days 7, 14, 21, and 28 follow ng four intranasal vaccinations
on days 1, 7, 14, and 21 with cholera toxin (20 pig), adjuvant al one (bl ack
bar), LC3-based peptide vaccine (am no acids 891-903, 918-936, 1114-1138,
1128- 1150 | inked randomy, six nolecules to a polylysine backbone; 200ng)
(1'i ght bar YOFHYA8H e) or purified 52 kDa LC3 reconbi RERMUSpOSIEFIT (200 My)
pl us chol era toxin &shaded bar) the reconbi nant LC3 protein
vacci ne i nducedthatlg raﬂ‘h'? 56 ro@ééAﬂwe%tﬁfmf%ﬂf//orme@&@w%andﬁ@ﬁe was observed

wi th the syntheldrgoRigiRd dulifecl %Gt alenptdilaBt EShiSolyhtadh f eg€r um
anti-lectin IgA glptol body jr%((a:sponé}geyﬁ}pﬁ 2aS abc;o%Js)Agn @&Bn% q)é,(\!'oQ{E’ZZl and 28

foll owi ng four PRitoPE9EI7 (thaded aval).i Gely a’éihL@%SEé} alltleFlleSI%JOg%lF-W 21 with cholera
toxin (20 jig), eAbeMRRipeRbRMEVHit 28 KosDa aBasALLMEN iadg. vacci ne
(anino aci ds 89eﬁé’g e g ek A o Y eyt pEBARRCAADL bl vl L

nmol ecul es t& a pbB wuylmRém@klbm%entlbmwggog(um@mtmwaﬂ 2.4, fiaodi6 €),

purified 52 kDa, 'Jgd%Asﬁﬁﬁ dJiant protein (200 pig) plus cholera 30tOX| n (20
pi g) (shaded bar Figure 8, the reconbinant LC3 vaccine, but not the
synt hetic pepti de vigimed, Reeapnitiet| b prolechhamei infestirtal amdlsgmmaantuﬂﬁ‘ddy response.
Figure 10. A gr nse in
baboons on days niggy%%sﬁl%cfﬂ%&m s[b%s\%ﬁhh%?aﬁm%a@ %gg%l? ®Vacci nati ons on
35days 1, 7, 14¢p1‘@pd32deTeh o&h@bmnapdpod(ﬂsrwe(emnthw)zedhdgedumathb al one (bl ack
1328 1150 Ti nkSaTTRh bR Cind ot PRLER o) B o0l T BreoiPtdiibane: 2000)
(l'ight bar in nudides)n (cipclep lgA dntlbotilﬁzveka:c[b@me@%mmbjnm oaed oftklct ei n (200 jiQ)
PLuS ol o 06kl ol GRATEA A SRRRPATCULD e TSl L5 of LG
LC3 protein vac(gray&ar(d%legme@sv@@ha) @ntrolisabjentd (opdni sgmbols)erﬂapudegA %nt i bodi es

t hat recogni ze e r _peptide t he tlc ept |.de vacci ne

elicited a Weakigg?‘{]%‘ﬁ?‘f f-cﬁgﬁefigg "%eﬁ,bpaz?ﬂd 8513@%‘35% ﬂbeéPméiaHure 11. A graph

of fecal ansi- Lﬁbjeb’gkoaiphﬂebﬁﬂyeélﬁtﬁﬁplititﬁestaﬂhslﬁbﬂtb@@ﬂlinekﬁ)ml&odﬂytﬂs 7d %i 2;Lh and
vacci nati.ons on an Wi

28 follow ng foyr .ntr

chol era toxign (g tidgsy ° a&aﬂjwﬁﬁtmg%ﬁ’g (B‘f%l{g‘géft b°dlﬁ%§°%z‘§~é’-d pepti de

vacci ne (am no arbjeds aﬁ&fbczﬁ@ﬁd seRhBlgA3atibolikd AohbSHnptdbAB-ide&ed | | nked randomnl y,
six nolecules to a i he backbone; 200 jig) (light bar in mddle), or
purified 52 |: D&Y %%‘ Fnant protein (200 jig) plus cholera toxin (20

ji g) 1g( Sh?dedl bar ) .Fig\reiss lAegta;metamons&mimg ;éth aﬁgm{jjaegd}@mmﬂy iestﬁ)ﬁseacci ntraTb

i nduced a feca testina n ant i bo onse; the recomnbi nant
LC3 prot e ﬁovacE‘lbﬁ anﬁawé/a%s@ Hﬁ%dcré% fjo ct‘f@“ﬂ N‘&H%/qaf?gﬁgéglat(qﬁf’@ﬁre 8) but not
a fecal or mucogsk1anti,-ah€31 bvgﬁ\claﬂeraﬂasaﬂxzmﬁgmm@nalahgwla%kbzr), A graph

showi ng fecal anti-lectin |gA anti body, rgsponse aboons._on days 7, 14,

21, and 28 f ol | Bs#-heped Bentids PrcrinnQauo &ide 89 1ntiP; %Ws”én”dé%”l“?f 14, and 21

with chol era toxisg 1R xhlh@hly,@ﬁlnwle%ﬂ[%st@'a%ﬂ@rly@m:dekb&}%ri()Ougﬁﬂthl%aﬁed peptide
vaccine (am no acids 891-903, 918-936, 1114-1138, 1128-11 i nked randonm vy,

si x mol ecul es t B Biddlg), 9‘[%'@5‘@ Pkt Wre ?tP(rPtFEK?OOd%%) Py i ddle), or

purified 53]l c%ok%tokﬁqm@g)r@aaedmmtEbtﬂtr{exmn&gbrewmﬁnaﬁhm;ara 25 toxin (20
jig) (shaded bar). Inportantl %( t he synthetic peptide vacci ne i nduced

i ntestinal |gA WWBM%%SYE‘W& cve@t*féngﬁ?% 1@%@%51 18Gratipasées ethe Gal / NAC

lectin nol ecul erpeBSRM LOB plohh SueRtifeddly HIMGA parasite; again, no nucosal
| gA anti body response was observed with the LC3 reconbi nant protein vaccine.

Figure 13. A graph SHEWe Mg &erlisheiing sepepintidectindpC arihodberspanessbnse in

30baboons on daua%oans o%%ays&l,m 3M0hnd 88 fdnbmwfm ﬁn@wsauv@&mﬁmn d@ccCi nati ons
on days 1, 7 cholera toxrn @(}9@ adj uvant al one (bl ack
C

bar), LC3- 3base&’7pé<btandj%1 Wél&@hO#éafean{%@dlgb@flﬁgansglﬂzn ko636, 1114- 1138,

1128- 1150 I|i nke I I e ne; 200tig)
(l'ight bar in gaédwﬁggo%c%lﬁér@% a%%ésﬁ%o?scbl@ 99?(31&%%}32&11?%8?%?& n (200 jig)

pl us chol era linked randomly, six molecules to a polylysme backbone; 200pg) (light bar in
middle), or purified 52 kDa LC3 recombinant protein (200 pg) plus cholera
toxin (20 pg) (shaded bar). Inmportantly, both the recombinant LC3 protein and

35 the synthetic peptide vaccine induced serum IgG antibodies that recognized
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35toxin (20 jig) (shaded bar). As expected, only the synthetic peptide

vacci ne induced nucosal IgA antibodies to the four putatively protective
LC3 peptide epitopes; no response was observed with the LC3 protein vaccine.
DETAI LED DESCRI PTION I mmunity to Entanpeba species intestinal infection is
associ at edV@i¥/0M62 5presence of intestinal |IgA anti bodi@URREDarasite’ s
gal act ose-i nhi bitabl e adherence |l ectin. The inventors determ ned the epitope
specificity of gehvrPakitaNMNe lestin figm E histelyricatipplpzaites, which isipssentan | gA

anti bodi es by Elj, S #H& dttheukitedPpi Ng fragnents of a reconbi nant portion of
the lectin heavy subunit, designated LC3. These findings were correl ated
with the effects of Ewr%beAgﬁ@bﬁhqwengrmwmr@enamtide Igcbarén%pdmreqsr@pseﬁonom onal
anti bodi es ( MbAQs}, BBoRATBRHEys 7N 4V b1, raf?d%Ml@%ﬁu?ﬂﬁ%a@eﬂ%&ﬂﬂﬁ&ﬁ% 4 L3 is a

hi ghl'y antigenic and | munogeni c cystelne ri protern t hat
i ncl udes the | eclaynt. &, Ua?rlﬁoﬂy&ﬂﬂmhé etgitordn 24 relo adiivant Atpre (bladﬂlgﬂr)subj ects, from

Durban, South AfldsafsedifRpic ERR hifinG YilkCkoRlooRBFR 6 |11 V1 133DPG8SS (ALA) wi th

or without current tolytica I ntestinal on or
15i nf ect i on- f r ed 18hiinkpd eanderhlyesix waleenlesThepdlylysimt torichoat; %OLg)t(ﬂmhebhr

SoTOROST L1ve UMk RSl \EHTESR O LERLGA M LBy s BRIV 02

di sease-free, and as mati c rum antri - romall study
groups excl usi vebsin 28g@gytshaded barh ©nistthe synihede r&ﬁ@de@4db):lnamdiubddeselslewent h (AA

1114-1134) }C3 qg@;%ﬁ{%ﬁlé BIR Bhrgﬁjgau%l%ﬁljo{e@h%ic3Leégc'éqes as g §m@%§ bisx (A

1070-1114) was aFs recogni ze However ,
| gG anti body redﬂgmwltbpumﬁedeppﬁdapenmomcldbsﬁl 9ﬂ619118|¢9‘39311(4|4 1$88/emj was | ost

one year follo ALA. nt Qr oduc, n nurine
anti-LC3 | gA I\/bﬁ\l\g518 g Lﬁrof coIr 'y blmée(i)?i 3rvgccén§ﬁ?@8£flg 'élmg}‘)dlteﬁ% 11&58 en LC3

epi topes. The nE(Fxguneisyarmlfthetﬂmwmcmxr(@lgMMbbutmeﬁogmfzmcbutalneeljf| rst epitope (AA

758-826) , mhich S ..no rec e nt i.badi es.
I nterestingly, Flé‘?‘liﬁg 89&0@65(% %P'ﬂaP ﬁg?ggﬂqo ¥HO cel I's was
i nhi bited by I\/bAbs t Bigeped 8. O@g&ph)st&wntghhe&ser;unfantilfLC(SAéAQdﬁboﬂ@?e)sporﬁﬂd Si X

(p<0.01). The LC3 ito r z A ant i bodies (three and
seven) were furtlﬁgaﬁ’% §B§§¥efﬁ§% %\?gﬁgdllo ?}léf‘ rgﬂaﬁf“[n"dc%%??ﬁe c pepti des.
Thg [ n\zlgnt org)l diﬁystll,m leildaxfdcmrwmamblede@ur(@&u@ﬁi&)&fﬁﬁt al&8bladOR3p, 1114I 1538,
and 1128-115 t hat, i |narorc g e y pool e
intestinal |gA %@F@B‘% PERtidgygoalg( 6‘6956{;3? 9@%&?@%47%% Q@ﬁz ﬂﬁg'
asynptomatic, sernspmked ragorhBf dix ineBciuldsing £§dlﬁy51ﬁ5hﬁ61&>oh@(2t)0;[g)€llghfWGS can be
used in an amebi .asi, ubunlu,ﬁtl %@E@ desi ned to eh sal imunity

m m cking t#at dt rPépEr & n%{’iIBroFﬁ"b P@ ®B new amebi ¢
infection (Ravdiin @0 @) (shadk@6).- Oﬁl’ﬁlﬁﬁlrdwm@ﬂﬁﬂ@QSBbtdﬂéiﬁvac@‘r\euﬂﬁceﬂﬁre subunits
of the 170 kDa peptide _are usgqc{] gs the active bi ng%cgd[ ent of a. vacci ne

conposi tion. Thée‘BF‘é’é@ﬂ{& lgne ﬁreﬁoﬁﬁﬁ‘&wﬁ%ﬂis?rd withthe syitheligar i ants of
LC3. A "variant "pepidelvicides @ pol ypeptide or oligopeptide LC3 that is not
conpletely i dentl cal _to native LC3. Variant LC3 polecul es include peptides
that are not flail-| Eikyrey- L@Zraﬁ]éﬂtoi“’%ssemi“ agti-lecHp AHLHPIRTESPERSEIT3.  Vari ant

LC3 pepti des canagdoaoll@ay9hta medmms fahavﬁﬁg 100k 1Bthﬁ1a§am/£b@m§l¢dn§|o§§‘*é?§ence 10by
i nsertion, del etl on or substitut or nbre amno acid he am no

aci d sequence ofl;¥:Hé: Pl ayity ql%lerl"fé@‘ilﬁﬁz@dg) 1dpvarhalgns (Wladkybagylfet-i t uti on, to

create a pol ype%&e‘é%eﬁﬁl\f'vﬁ&nﬁ‘é&?ﬁh@ﬁ&ds@bi 903, bes- %rrﬁmruemn@mrboqual ities as
conpared to the natl ve pol ypeptide. The substitution be a conserved

substitution. A linkeysedopdy CEabieich oo g heckbenst FO0HE) GANGRr n ani no aci d
W th anot her amrﬁ‘i@dle), or purified 52 kDa LC3 recombinant protein (200 pg) plus cholera

30 toxin (20 pg) (shaded bar). As in Figure 8, the recombinant LC3 vaccine, but
not the synthetic peptide vaccine, induced serum anti-lectin IgA antibody
response. ‘

Figure 10. A graph ~howing serum anti-peptide IgA antibody response
in baboons on days 7, 14, 21, and 28 following four intranasal vaccinations on

35 days 1, 7, 14, and 21 with cholera toxin (20 pg), adjuvant alone (black bar),
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15acid having a simlar side chain. A conserved substitution would be a
substitution with an am no acid that nmakes the small est change possible in
the charge of the amino acid or size of the side chain of the am no acid
(alternatrvel% in the size, charge or kind of chem cal group within the

si de chai nVOs1140P46at t he overal | peptide retains its sHRVSOZBHODr mati on
but has altered 20biol ogical activity. For exanple, commbn conserved changes
m ght be Asp t o IG3ubasssinepidrie va@aine (pnino peids 894-901948-636, Thih-1148n1128- G n, Asp or
Ai and Ser to GYS§p 1idd3k rR6 _ahKe gﬁgm itute for
ot her am no aci gM lﬂ% o an%/)esrll)fflﬁg aérln %%Eo&]? S ck%ogé%o%gﬁpggsr fol | ows:

al ani ne, valine,in H@iﬁéﬂ)mpuﬂlfﬁlﬁlk@iaﬁ@3 rgsewbingrg, prggbie (300aizapiupeholars ypt ophan and
met hi oni ne havi eoni ne,

Cysti ne, tyrasi Raun B Bl o ot B by P 51 de

chai ns; aspadrt atveccaredndyicert ssroat ieGreatbadips ddgwle ©), @icomblcathG% proamd | ysi ne,
arginine and hi aci d
change; are achlvgz\;/éer% @@Qg%&@ﬁﬂge@gggﬁ@% al%S(HDOdleStP ?tergcrg’ n trtllg nucl ei ¢

aci d sequence. Ifouripsptideepitoptd) ete ssruhﬂmepqitypwbmddmrte@mwbﬂcﬁﬂmmnar ned based on
substituting certai or other amno acids in the polypeptide
structure in oré’eac{é@@ag%f)yregpm%prove antigenic or imrunogenic activity.
For exanpl e, throughFigubstli wgrapimfrfécabdntrérmagAuﬁrbaﬂy reepoasd il dabodnal |

conformatlonal chan err t|d t results in
i ncreased activity® Vg"eféfﬁi 8@359 u&'g’é‘ﬁ?% vg?ﬂ“%lg? c@%ﬁ {}]e} Y no aci d
35substi t uti ons and2te@ith aroﬂeri)mkmmapmg)mgvmylohe(bwsledary,mcpruawd(jaepttcies| dues t hat

may then be linked to other I rovi i.d | ecul e

conj ugat es whi cHAFHCAFANE AFS @?gﬁ?%ﬁ?%ghﬁﬂé g’g%ﬁf@& “g?‘m)he starting

Eol ngptl de tg endomey, bik nfolculed th@rpoRLisipOBREboNkR00E (BgHD O8H itiddle), 80:c ]yl ysi ne
ackbone may be use |er or one .or e sane_ or different
peptides of the %Pﬁ&@ﬁ%@@gﬁ fGR™ @%rpr(ﬁ?ﬁﬁzr?@g) @F%@hﬁg PYRELOHR | i nked to
a singl e polsyl ygitagedapk bemesvident, onlyfﬁb@ynﬂ@ﬁc pepRbd ﬁeclﬁamdﬁzedamhlugat ed or

| i nked to another p ﬂ?l de sacchari de. For i mrunogeni ¢

or to a e,
proteins wel | kit arlrl.é« args a'&lbg%"%WSU\ﬁ‘? g reeQry) ‘P*F‘é?& pro be enpl oyed.

Useful i mmnOQGWa@cquﬁu@édb‘érdnﬂ&thm Tk& yhiogies (Figued 8)banmse ¥ &kror( KLH) ,  bovi ne
serum al bum n (BSA), oval bum n, ohuman serum al bum n, human gamma gl obul i n,

chi cken hnmunog 58t st GhgAFBIRNE G5B9 gl obul in. Al ternati vel y,

pol ysaccharides or prpufd 1S Apgralsrunsrnngeécmgmnﬁ glanﬁb&iytr&%ns@% vacci nes can
be conjugated to, linked to, or mxed with t eptide such as tetnus

t oxoi d. OneXcan bakeonE Predayy dridphl ARd2S fﬁléfwn&ﬁourdﬁr%sa &ca@atrcws epfPerring 15

interactive bi olrogquaéndfzmmlcﬁae@rbx%@ Pg)pfd@waﬂrearonw/aﬁr&lb@r)lﬁcs s found that
certain am no acids may be substituted her am no aci ds havi ng simlar

hydr opat hi ¢ i ndibeed pamtsleyrqcrnp (aip@icids 39 5P03, PER-936i blllédlléﬁlll%ﬁzﬂiﬁ ty.

Al ternatively, %Mi?é&x‘aﬁd&ﬂlﬁ’@lx%oléchié?toaarﬁo%sﬁeb&i:']‘tb&ﬁ%’ gf L@t he basis of
hydrophilicity, particul ar@}/§ ere the biol ogi cal unc |on desrred in the

pol ypepti de to b@ld@@m@rrmlﬁ TkDpafp(Srgeainbingpt E‘BW%W%HR)MHWB‘P[@I@ cal

enbodi ment sy, Theo,gh gz@tp%§§sh4de@94r) AHBOAMY, hué%ry%arclﬂeﬁﬁ&ewapﬁneand@é@t ein" as
gover ned by the ?1 Icity of dj acént am no aci ds correl ates with

its i mrunogeni c|ltltystlnﬂld%lamhﬁélwthaﬁrFCOB@Z ¢ geebianativeGE&alNAG leri can be made
based on the Ny dhaBhidLin ARSAREDr hOpERRE BN LS MY NBIRO ©f L her the

hydrophilicity in ro I ndex, Wwhrc assigns val ues"to 25each
am no acid, the rsapb@pmtambsew m’chrhprLﬁére&@mbisanapreteatvaoenees of 2, such as at

1, or at 0.5. Figure 13. A graph showing fecal anti-peptide IgA antibody response in

30 baboons on days 7, 14, 21, and 28 following four intranasal vaccinations on days
1,7, 14, and 21 with cholera toxin (20 pg), adjuvant alone (black bar), LC3-
based peptide vaccine (amino acids 891-903, 918-936, 1114-1138, 1128-1150
linked randomly, six molecules to a polylysine backbone; 200pg) (light bar in
middle), or purified 52 kDa LC3 recombinant protein (200 pg) plus cholera

35 toxin (20 pg) (shaded bar). As expected, only the synthetic peptide vaccine
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The variant LC3 peptide has at |east 50% at |east about 80% and at | east
about 90% or even 100% conti guous am no aci d sequence honol ogy or identity
to the am no acid sequence of a correspondi ng native LC3. 30The am no acid
sequences of the LC3 peptides correspond essentially to portions of the
native LC3WAMHWAIEE? d sequence. As used herein "corresg§idUees&atydal |y to"
refers to a polyceptide sequence that will elicit a protective inmmnol ogical
response. An i nmiiesdbgieesal Isteapibpdies te the doues pupidvsiytireiactive L¢3 pentide i s t he

devel opment ir tgﬁoaap% rfdborfle G4l ddlrida RO cRBbIRAAYSHIEdI at ed SSI mmune
response to the polypeptide or vaccine of est ually, such a
response consists of the subject producing antibodies, B cell, helper T
cells, suppressor T cells, and/ ptts lutpnggnjppﬁﬁ¢s directed specifically to

an antigen or antigeps |ncl uded 1 n the nposi 1 on or vaccine of interest.
A variant of the inveRPIYR %V@Wf@?ﬁ%‘%ﬁf‘?%“%@f%tl?@éF%fﬂ‘é%te%\’}f’cth Bfesent in

St he corr esgondipagertadbf M stidfaBlp@ranflifldRt RSP Bltdt bMSotdse-itHstabler r espondi ng
native LC3. The LC3 peptides of the vaccine may be expressed from

i sol at ed DNA se@d’éﬁ‘ﬁ%gleé%oﬂxeh@e@tﬂe determined Siq qpisape speRalicatprof Ffalmland s defined
as a peptide or jpbGhi(Le. axﬁﬁc@smaqﬁn&ﬁldlgwanhmgaﬁ)%@%smsnigovgﬂ

engl neering. The terns 10"protein," " @1 " " pepti are used

i nt er changeabl y fifemaithof a recombingpiiogion Oé P&Cm@w&e@mteﬁ@%@aﬁé L§ﬁn no acid
sequences encodifigsedfhdln gwa%ewiﬁemﬁ] tﬂéaﬁ@{seﬁeﬂ% @sp‘ééd’)'ﬁbﬁﬁ}ﬁné)i (et hods known
in the art. These nethods i nclud but are not P , I'solation froma
natural soutoce (§ofn ﬂgﬁam@w@ﬂ@}fﬁlﬂh@dwﬁ QM@MSb@rtmqblmg vidnei galactaes-weciguence
variants) or pr Qs Sy o %‘Bhﬂﬁ{?&%'aﬁ@frﬁﬂﬁmg& | @Al rh pitdy - 1 ! ect ed)

mut agenesi s, mut agenesl s, cassette mut Bnearlier
prepared vari ant(A6r75&-1h%fﬁihﬂamplaﬁftS thﬁé?@ﬂ@ﬁarbﬁhww higingydnptairddhevar i ant

bept i des may be (GAPURHIRNELY RRERALEH AMcalh L lepiRENIARL MR RS S ON SO i d

phase supports sequént separation e support. Such
met hods are wel labjcassWALAhwither without ROgnt Echigfnlyticd intdgsinaMinferticnor weret he 170- 1cDa

subuni t con}sal ”ﬁ?f@%%h%fﬁe?(@%em% @%-r}emgié)ng%ét:&gagggm&g([%?g&& Vi Part of the

pepti de. Coval en ons o e are within the scope
of this inventi onbjecBubit wapdéufieuthtiniorted witlyE. Uestalﬂtcaaﬂueeefrﬂermﬂ t he nol ecul e by

reacting target e?ﬁm;{l}] e%qlc rqm o5 IL%Q A Qntlbg{'gs tPo%PIu %Edéf&&.r an or 9?"" ¢

derivati zi ng age i S capa reac cted side chains
or term nal reswslazlesvel}rubcdyndsdméthﬁdm,ééw W)an@nhbpeeenth(zk@ﬂil%ﬂééli on The

resent vaccine S|t|on REsvent hi stol ytica

ipnf ection in sug‘j%gﬁmpgfrelg &?S%ngfdrgﬁgﬁatan PHPR est{) 1(%B1315}11')ts o@ %/he

30170- kDa pmot eirecogaizedisy sumemhna&mﬂgmmgedlss_ Howeeae, Hgﬁeanelmdyope beari ng
fragnents are rel ati.vely. short, for a e cont ai ni n m.no acids or
less, it is adva{ﬁ(‘tog‘aegh%feP{BOp(?S{’fplfugn?tﬁ%e%%ﬁfvea’ ey Osé?fl @%}‘Qﬂgc carrier to
enhance its i MMenRPE ALAI tThe inSeittbrs podided Ryrtéeacinming uets1.a8 gARIoAbknown i n t he

art. and incl ude, standargl chem cal. cqueling hechnl augs using fnker mieties

murine MoAbs recognized the first epitope (AA 758-826), which was not

25 recognized by human IgA antibodies. Interestingly, adherence of E. histolytica
trophozoites to CHO cells was inhibited by MoAbs to epitopes one, three, four
(AA 944-987), and six (p<0.01). The LC3 epitopes recognized by human IgA
antibodies (three and seven) were further characterized by use of overlapping
synthetic peptides. The inventors identified four peptides (AA 891-903, 918-

30 936, 1114-1138, and 1128-1150) that in linear or cylized form were recognized
by pooled intestinal IgA antibodies and serum IgG antibodies from ALA and
asymptomatic, seropositive infested subjects. These lectin epitopes can be used
in an amebiasis subunit vaccine designed to elicit mucosal immunity mimicking

that of humans cured of ALA who are highly immune to new amebic infection
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35t hose avail able from Pi erce Chem cal Conpany, Rockford, Ill. Suitable
carriers are proteins such as keyhole |linpet henoeyanin (ICLH), E. coil
pilin protein k99, BSA, or rotavirus VP6 protein. The LC3 peptide vaccine
can be adm ni stered by subcutaneous or intramuscul ar injection.

Al t er nat i VEPPOOG6{0AB6Y acci ne can be adni ni stered by oral PSTHFR&S08W0Dr
intranasal inoculation. To imunize a subject, the LC3 peptide, may be

admi ni st ered par®adéradpl-200Hsual |y by intramuscul ar or subcut aneous
injection in an appropriate vehicle. G her nodes of adm nistration, however,
such as oral delivery or intranasal delivery, are al so acceptable. Vaccine
formul ati ons wi || coMacine Gompsfitions i ve anount of the active ingredient in a

10vehi cl e. The effechj g;}ﬁ i fihh o 40 l'iorate, or
reduce the inci denceblé‘%/((?r . %&gnfs&f@%é&%@?%&%%ta}rglé]s%lé{ﬁé‘{hﬁg&{l;gr get manmal . An
ef f ecti ve amountingralidnéofdvaiceinestospesitidnn The preoi inentasprovideseatdes y det er mi ned
by one skilled i : Gl Vel ' typically range from
about 1%to abo%t%@&afgﬁsﬁf{%' ghgdrl\(é:%n%%%ﬁ?%ﬁ&g%egﬁée{?/%lyn(’%ﬁ?lﬁ gé%/e or lower if
appropri ate. ThéClSept&mot ¢complaelp alentitnitnngive LE€E. Hajpenids3 mplmmlésact ors such as
t he age, weight, ysieal condi.tio the. ani mal or the man subj ect
consi dered for \%C@@?Rga)@l\éggntﬁgfﬁeenogﬁlgr%ﬂg& yLQSaZIpsegtlc%fg’ﬁ'gharse Sg%uélﬁs ?ﬂ“e%(:apaci ty of

t he ani mal ' s i myariet 8¢3 peptidbocas yho beshtaed ap hitdringd tlesmisnatid equedlegr ee of

rotection desired. Effectj.ve dgs S n be readily .establi.shed by one of
br i nary skP1 T o6 praoh SEel eI RE B @ et dnodufa B S Hote
response cur ves seqlitice o0ithg pritein & modified, fareslatyyle bylsubktitefionaiol cpsatedf t he LC3
eptide in one or, nor, oses., Mul.tjpl e doses nay be adm nistered as is
Pegui red to mai r*?f"ﬁ?eﬁ’nge @ﬁvéﬂgé“l?ﬁan*‘ﬂ#ﬁ#ﬁ e f"b'm@.m‘%‘? QualifesAsicpmpargdip anasal
fornul ati ons nayhel fatvetbypegitieC TRSsubditition Blay Bed consdtssd subdtiftiahl An 25t 0 the
nasal mnucosa nor, significantly disturb. ciliary function. Diluents such as
wat er, aqueous s d&l"bsgf‘ﬁtn‘8¥ ik A SRRRHCUAROf ahgrino acid Witk apgthar 808 wi th t he

subj ect i nvent i @fid hdiey Hamadr sideichait. ad tdRGvadBYbsaiusion #OMH8E A preservati ves
such as, but not lim.ted. to, chl or_(gtguta ol . and benﬁal koni chloride. A
atélb’iggsr

surfactant may SWSHRELKiD aniReag ths smpiess phange pessiBledi the pr ot ei ns by

the nasal 30NUC@EdAge of the amifd @id driske bfthdsi@LAbiAE P8 amiRYaciae in the form of,
for exanple, aqueous or 0ily suspension syrups, or

) oi | gﬁS%l utions, emul sions,,
elixirs, or may @emprivbe i ibtsis gharss o kind gkchemioph gspupavifhinfipeide g o
reconstitution WhdhhateHe@Werdll p&hidSfetafiid it spaliA cHiEbinfakiSn BRHAY freitge. Such Iiquid
preparations may contain conventional additives such as 35suspendi ng agents,

emul si fyi ngPagerickgicabrstingi dousrameli ©maen copseed thapees PHE BBAsRi bl e oi I's),
or preservativegy, Asn or 3R; Hfs@@ﬁ;fs?A% oY BEC A B0 di A sh GRGREM sie Can be
i sol ated, |yophilized and stabilized. The LC3 peptide may then be adjusted
to an appropr i aflBror Gly. Alanine is commonly used to substitute for other aminc acids. The
20 essential amino acids can be grouped as follows: alanine, valine, leucine,
isoleucine, proline, phenylalanine, tryptophan and methionine having nonpolar
25 side chains; glycine, serine, threonine, cystine, tyrosine, asparaginc and
glutamine having uncharged polar side chains; aspartate and glutamate having
acidic side chains; and lysine, arginine, and histidine having basic side chains.
The amino acid changes are achieved by changing the codons of the
corresponding nucleic acid sequence. It is known that such polypeptides can be
30 obtained based on substituting certain amino acids for other amino acids in the
polypeptide structure in order to modify or improve antigenic or immunogenic
activity. For example, throvgh substitution of alternative amino acids, small
conformational changes may be conferred upon a polypeptide that results in

increased activity or enhanced immune response. Alternatively, amino acid

35 substitutions in certain polypeptides may be used to provide residues that may
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concentration, optionally conbined wth a suitable vaccine adjuvant, and
S5packaged for use. Suitable adjuvants include but are not limted to
surfactants, e.g., hexadecyl am ne, octadecyl am ne, |ysolecithin,

di met hyl di oct adecyl anmoni um bromi de, N, N-di octadecyl -N-N-bis(2-

hydr oxyet WYP2M6@PBAe di - ami ne), met hoxyhexadecyl - gl ycerPSIT/USBHFOBISUT oni ¢

pol yol s; pol anions, e.g., p{ran, dextran sulfate, poly IC, polyacrylic acid,
10car bopol ; peptthedds linkeddo othenmalepyles i pyevideipgetidetpmlecul copiugaidsgrhidi ne,

tuftsin, oil emsi ieftlabiBen % eSS de S D&J beRRL i al adjuvants
include the B pep?ilhglgﬁga Sllrl:thgteg %?OPQE&I cdcflﬂl}:é hea pI QE?P%‘ tofﬁfrg\ fgﬁot:hol era
toxin. In one ewtheppusposem lmend abodintsoi nolydising lakbene n@FAcas@Rsias used (Mowat,
2001; Eriksson. 2003 beh frorHe)am Ob el Al R AT Snie known i n
the art. Finally, the i munogeni ¢ product y be incorporated into

| i posomes f ér udier ¢éxampleysix piptidesfare limsedibiagingle polylysipe backbamej ugat ed t o proteins
such as keyhole |inp r}fﬂ) I mn (HSA) or

ot her pol yners. ﬁ]i‘:‘lll‘le ef’é%‘felnégg? ié %ﬁ%?tg){%gﬁg‘gd&? ?Iggedgemp %%t%\glgf:@ianati on of a
manmal agai nst @okyiscchaddd. Gior 2xmipte inpfidnegsicguletaing weleknomnan thetakigalsovacci ne
candi dates. 20Preventi.on. .of »cal onization .or. i.nfectiaon by.inocul ati on not
only reduces t hé‘g ?Vﬁ{;?sdgaﬁgge}s’o% %¥ ﬁ%el}lﬁm&&? 1 g e(gu lsmﬁrrrwlﬁ?ocgﬁ%l? pb%?“d?‘é%deel i m nates
sequel ae. The adtyhok limpgt ledioeyening KL Ybvinesenfm albimingBE Ay vedbwemhs, i n the

vacci ne conposition is fornul ated conventi onally usin 0 |1 known
or  t or mil b1 on "bFeneBrL AR i BREHE Bt ok M oERENRE M ons ey

i ncl ude 25an i r povmogiinadletnlin OA ltadhtivelg pblysadcliarids of propdietof other | nconpl et e
Freund's adj uvant, al um num hydroxi.de, |iposo . heads such as |latex or
gol d beads, 1Scé%?ge%tg]attaﬁeeusfe%/?(Sev.ac‘il’?cﬁS@Obﬁégnjag%ge%ﬁ?!g‘r“%%ﬂ inBﬁﬁ% conposi ti ons
in which the actwitiehedi@3@blidd sacic3ndtaisn@didei t her di spersed or variously
present in corpuscle consi%%i F}gjfof aqu&aoug concent.ric Iagers adherent to
lipidic |ayers. The 28§ 5a)&seitphpirepathiciiadey obamino pids in cQEIFAL | n t he aqueous
llayer and i t hentbrbqivebidldgR¥EfnctivMsh &lfolfeptiie] whedén it® foundth@r¥rfyent, in the
non- honogeneous syste.rp 1%ener al I%/ [é{)fovm as a |iposom c,s_&lsge‘im on. The

hydr ophobi ¢ | ay &M OGF°F gy b fubstitys o 8Eﬂé%ola{jl, Sb*}.angerP‘ BXY r&%ﬁﬂi}“e! Y,

Cﬁn})rl ses PhOSPMideQbrfﬂl%tiﬁb&zhn _@§iniil@ﬁl#i&lbgiéhl a@ﬁitﬁpﬂtegﬁiﬂW%sh&tituﬁﬁ@éﬂ)l ds such as
chol esterol, nore or less ionic surface active substances such as

35di cet yl phosphéﬁ%?m% é%ﬁw%vntieﬁ%adspnwﬁggsﬁw&w?@ﬂ&%zaﬂ%@ylwhw her

materials of a ysIeRBPRIn6tdAAeIFe in the polypetitR t B EenBrate8 MRRKHII fONS
preferably contain (1) an effective ampunt of the active ingredient, that

is, the pepi de Ugvinyairncesical sappdinsats Whe Heatess logal avgrass b dropbiticiiofof a

carrier vehicl e gRint §s Ae3hddeH thelFUroPKiBAET0Y Al AdyRent diiS £I®, and the 5Slike.
The vaccines are adm ni stered as is generally understood in the art. Wth

sui t abl e for nul &redFes Whptsiimaugegeeirine Acpudingy itigaoted Setsubditgionbss t he nmucus

merbrane using RENGLHARbIsed bE the ﬁ?dr@éhhlﬁ;it? BsloRedb efdh Sl FachE 16 Asih

conbi nation, usually, wth a surfactant. Transcutaneous adm nistration of

peptides is al seitepisbygrophdictly indsxk pihydropehis indgn wilichgspgnsyalies toDosage | evel s
depend on tjge MR amino acid, the substitutions of amino acids are at values of 2, such as at

+1, or at +£0.5.
The variant LC3 peptide has at least 50%, at least about 80%, and at least

about 90% or even 100% contiguous amino acid sequence homology or identity
to the amino acid sequence of a corresponding native LC3.

30 The amino acid sequences of the LC3 peptides correspond essentially to
portions of the native LC3 amino acid sequence. As used herein "correspond
essentially to" refers to a polypeptide sequence that will elicit a protective
immunological response. An immunological response to a composition or
vaccine is the development ir the host of a cellular and/or antibody-mediated

35 immune response to the polypeptide or vaccine of interest. Usually, such a
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of adm nistration, the nature of the subject, and the nature of
carrier/adjuvant fornulation. Preferably, an effective anount of the protein
or peptide is between about 0.01 jig/kg-1 ng/ kg body weight. In general,

mul tiple adm nistrations of the vaccine in a standard i nmuni zati on protocol
are used, W920W08Bshdard in the 15art. |, C3-specific ARGIHEANE421507 The
terms "antibody" and "antibodi es" enconpass intact nolecules as well as
fragnent s t her ed¢spensaconsists of the apliest prpdusingdntihpdies B &l kplpsuhicellspept i de.

20Ant i bodi es ca I j i : ' L.es, humani zed
or chineric ant ?‘6@3?55‘_? ,Tycg!lér?\g éor? a%ozﬁglvcggsn%lfégtgg?e? ? %@ﬁ%%wgf&fragmnts,
and F(ab)2 fragmpiigess infladsddn tegpmpgsitiop eviiaegnegfdnterester ogeneous popul ati ons of
anti body mol ecul es. tJ&%ﬁmﬁftﬁ@ﬁ%niib&maﬁncla?%iﬁa i l%gid@ea&%%g&emw le

nonocl onal anti bodi es are honbgeneous ‘popul ati ons of anti les to a
particul ar épit digecopsponding msivie W ¢rideletions aglativg émthe correspondingaativiebody can be
of any inmmunogl gkylin (1g) class, including IgM 1gA 1gD IgE and 1gG and
any subcl ass thereof. Antibodies of the IgA class are particularly useful
because one anti bodyThol@kpedptides afithe vassige nenke eaposied froofisdl@sd BNBuni t pepti de,
and are nucosal ' ' lie cont.aining 1g. ecul es t hat
are cross-1li nkeégc["’téf?éé?g{"g‘?fé @W%E%Dgﬁ%%Ggécg)ﬁlg%g?te%t({?ﬁg&r?ﬁlgtpf gg‘é}nt al so are
capabl e of crosswtleinkéidgroduget ty thk iptogessds of GBietiarmgimidringe fihé @emsol ecul es, and
can be partjcularly.useful,.. .« As used. herein n "epitope” is a
portion of 1Iﬁn anPﬁoéénni & eﬁ%ﬁee%nu 801?'%613\%‘? é eua??ld 13%{c$%11§'8§,b?%1—1er{8 " Antigens can
present nore than onNudgt badpmoktuldshecddmgaminotacidsequendes pizbyipgpi LA ant i gens,

an epitope typically is abo four to si.x, am no acids.in |ength. Two

di f f er ent im‘run(?&ﬁ’tﬁ%meipﬁespa{?ghy ASTe™ et Kngyn ’b‘%%a LA I“S‘ih?‘ii if they bind
to the same epi timheleBut Hehotdimieptd, BpRton from a nathtal spedce(intheandeiofodi es are
contained in the sera of 1 nmuni ze@ ani nal s. nocl Ogaﬁl gnti bodi es can be
prepared using, FERUEREPINE AN SFHONT SPTTEHE BIEEHRBPOgy. In particul ar,
monocl onal ®nt i baghmsleaRie-ndiated {(@isnedirdaiedpnytagenedi) PQR envtdpaiesy i des for the
production of antibody nol ecul.es by continuous cell lines in culture as

described in t hGASFHE BYeROBH G IhE S BCSGNE SR PSR es of the

invention can beneautd pepades datidht péptities nitfy bk BorweMentlyHidpaiR@ 8y aFecef the invention
al so can be isolated fro for ex t he oserum of an indi vi dual .

m. exanpl e, (
Sui t abl e net hod§h?’%‘Falis%‘ElPeé{SPBFPlidd’gi‘sﬁa‘é’P aod thesphspauepioRpaiaitdioMan serum

usi ng techni queshd figdori. BebHid@ods afe vRNAIBIEin tifHrOTRL OQT aphy. Ant i bodi es
that bind to LC3 subunit peptides al so can_be produced by, faqr exanple,

i muni zi ng Rost  ani nal" shepisayderivatygiotite I7EDaRealt cpnteies addifierda pi gs, or
rats) with LC3 OB mdReRS Add BSrmatiyia pdetorRRYehtiiR. Covaler® Robifieftiond AN LC3
15pepti de can be produced recombi nantly, by chem cal synthesis, or by
purification of therreptidgiare/iacipfedrathi thesseppoghélits invetion. oouchmefifisgioani mal s by
injection of the el yReRded fro MEHENANL By CaflinD GrddeAdmiR dRGEERSSf he

i mmunol ogi cal response, dependi .ng on the host species. Suitable adjuvants
i ncl ude Freund' $heagplidearith anomapic derivatizior agaridhabiscaraple ofreseting Wifel s such as
20al um num ydr%é‘lEéié‘qsi&%ﬁi%&‘t&ﬁﬁrial’x%sié&é?s'[ ances such as |ysol ecithin,

pl uroni ¢ polyol s, polyanions, peptides, oil enulsions, keyhole |inpet
henocyanin (CLH),

Methods of Protecting a Subject from Infection

The present vaccine compositions are used for prevention of E.
histolytica infection in subjects at risk for such an infection. Subunits of the
30 170-kDa protein can be used as immunogens. Since the epitope-bearing
fragments are relatively short, for example containing 20 amino acids or less, it
is advantageous to couple the peptide to an immunogenic carrier to enhance its
immunogenicity. Such coupling techniques are well known in the art, and
include standard chemical coupling techniques using linker moieties such as

35 those available from Pie{<:e Chemical Company, Rockford, Ill. Suitable carriers
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and di ni trophenol. Standard techni ques can be used to isolate antibodies
generated in response to the LC3 i nmunogen fromthe sera of the host

ani mal s. Antibodi es can be produced reconbinantly. The am no acid sequence
25 (e.g., the partial am no acid sequence) of an anti body provided herein
can be det¥PHWESPY standard techni ques, and a cDNA eRE3diSAYSOHETant i body
or a portion of the antibody can be isolated fromthe serum of the subject
(e.g., the hunaarepaettignsuchps keykolé himpenhoreagydnasKIdhi Brab) pllinprateihk¥h t he

anti body was or iggiyl glj vi'r1§sC\Ll%t 5{ The cDNA can be cloned into an expression
vect or using 30sStan tec ues The expression vector then can be
transfected into an Elpﬁdr(iﬁppqpadeefabmmcambdadn(lmstged bysubhitareses dianst er ovary
cell, a CCS cell i . i c expressed
and purified. . s Apten Rehiicl, 180 SR BRERR Of 3R
affinity fos LCigssiioonr intrpmpdliibeslationd To eraunizecrsoljset) thdﬂkahgepftldG‘]Ctl on al so can
be generated by t 5such scl o ed a Such ant i body
fragnents incl U(r]na?% ‘ltin%{lr%%rga emieraﬂ usugﬁ’)f%'m % arfcfralgtfﬁgﬁfl% “Yhat can be
produced by pepdgijection gﬁmtappmpmn‘te w&hlchrmﬂabmnigdemﬂa@lmmlmanamdoﬁabrfragrrents t hat
can be generated l?%s%r%%‘e‘fwe Ifl de br.i 2 fragnents.

dge R(ab
Al ternatively, FaD exp ressfgﬁ”ng%“ %We%’are %lso 3%8?%% Qe ‘écdne) Single chain Fv
ant i body fragnemcﬁrmuhtlensfvmlnmdalbyn d:ffenﬂﬂeraglotlﬂl(afﬂneat@vearlgﬂedhdngimta chain fragnments

of the Fv regl on \via no _ac aci ds),
bsultiny 1RO Ot T B s A HERRGD st Bl et aftbr B 1 - symrent s
can be pl’OdUCed1ﬂch¥eﬁ)d¢giﬂEShz@tﬂljlﬂd;]a¢fc>toﬁ@&tld>hIlmﬂhe&rgesmmlﬂmag Anmgﬁetwlel scl f)sed ibn

U S. Patent No. 4,946, 778. .Suc ragnent.s ende nmu val ent by,
Por examale. i GEPRY 4 L g BT drrerigreadi e R R Rt 5 TASKHaNS | bod

fragments that @rﬁtﬂe art. %datﬁﬂﬁn@w@édﬂfn@ﬂ' tbealQ'fraIngi’roﬁinUéﬂﬂ 1% pepbitdes. The
i nvention wll 2/ gvlllustratedb foII %nonllmtlng Exanpl es.
EXAMPLE 1 15Pr 8% ARE) R the cpmpesitiony Gveé igh FTQ’A ‘?"Y‘Fr @ppropriate. Theat'i ent s cur ed

of amebic lisver qatsiee: S%eﬁ(ﬁhﬂbstefkawqgehd@‘ﬂfl&ifa&’tois@udﬁ%ﬂf&@@@vdﬂg%ﬁﬁd i ntestinal
i nfection. Chil 3ren curgld of amebic co |t| s exhibit | rmunl ty to E

histolytica inf ebysicahrondifan ofthegnipel GF the hympan spbIet eppsidersd 14t i -1 eetin | gA

anti bodi es. (HagWRinat &0 Zhe qlddeityl alvé ABKeRisSupSH e e/ cityN T tRPintdye specificity of
20anti-lectin sera 1gG and I gA antibodies in subjects cured of ALA or having
asynpt omat i ¢ i nif@REReTFen i3 YEthedss. antipdics aad the defsr of PESFCHIEN 8RRl wi ¢ h

i nhi bition of gﬁh@&iv@%%aé&%ﬁﬁ bd r‘éacﬁl?%iiwﬁs}iég'B?Bﬁé“&%rd%érf'sl&lﬁ’lrﬁtﬁ@ﬁf SpeCl fic
nouse nonocl onal anti bodr es £ | es” were obtalned from?7

i ndi vi dual s 42tlmtmhp@utmema§es@llhs lﬂbﬂ@éf@PWQW%yﬁlﬂﬁ%hﬁW% E. h| stol ytica

| ntestinal inf e%fnemzedausl%%&m%%m d‘f‘hfecit@ elszfaef.me%r m%gesvwn pas

det erm ned agai nst seven overl appi ng f ments of LC3, a cystel e rich
portion (AA758- flaggmappe denlgtaneéemseemrﬁmt%m@lamnea qt@@@ﬁ imnyely e Bubuni t
(Figure 1). Al HARYIRS. omatically infected individuals and 19 of 42 ALA cases
were positive by stool culture and fecal PCR for B. histolytica infection,
whi | e cont roI s and th&arasatdermulagonaimay pgtude nehiclesdhas ngthPGRusertitasiont ur e

negati ve. ctions were
positive for serlw&%pgéﬁ%ﬁ%é@%??l m{éﬁgﬁ‘ﬁbgﬂgg@ﬁﬁ’go |1{éegl?ssgée]{a§ from 32 of
40 ALA pati ent s wated aq@ous saline crsthapinowa substaites bandre sinployedwitintiect i ons wer e

al so positive fqr.: | Serum

anti LC3 1gG andg‘fbd%p ?A“bggdﬂhgggé&ﬂé’ﬁ’msigfﬁn Q{agggg)’%t%@@ﬁ%}kgntg g|“r(312| (868- 944)
and the 35seventh b(ltllrplldmwdattl)chl@@@ﬂ@mltamb@szallmnmﬂﬂpr@piAﬂp@ctérmom 1114) was
identified by ' [0S I odi es. Mouse
anti-LC3 1gA M glbe oeélnggég H %/Bg tﬁo?io(f)?;@tsuﬂqé%ﬁp}é@. ?t%%ga?s. The majority
of the murixe l\/mfubgsarecognl zed the first LC3 fragnent (758 826), but was not
recogni zed by human f E. histolytica
invitroto CHO 5cel uefd? %a??)wbe bbéﬁlghf{/goﬂ%mtf 1%%)%1 rqﬁ ?ggrrent (61%,
but not by a MoAby suspenswn solutions, emulsions, syrups, or elixirs, or may be presented dry

in tablet form or a product for reconstitution with water or other suitable vehicle
before use. Such liquid preparations may contain conventional additives such as

35 suspending agents, emulsifying agents, non-aqueous vehicles (which may

12



to the sixth fragment (28%. In conclusion, the third fragnent of LC3
induces a hunoral imune response (lIgA and 1gG in humans with ALA or
asynptomatic infection without variation anong individuals. MAb agai nst
this fragnent inhibits the in vitro | ectin-nedi ated adherence of E.

hi stol yti c¥AY0HYMPAI i an 10cel | s, suggesting this fragneek/usteiieide a
successful vaccine candi date for inducing nucosa' immunity to E. histolytica
i nfecti on. EXAMiickd edible oils), @gireserivativei on of the gut by the enteric

prot ozoan, E. histol ¥J %rg;faré ?v&&ﬁ@‘fﬂe%c% Repl cfer;}%r%%hgor%ﬁgac%%ﬁllhze%&%adee 1987:

car bohydrate-rich nuci ayer covering
Chadee, 1988), \stabiditedf thbcépmﬂe mnyrlhntebdmljusueéto anGpp@p@se ti ¢ i nvasi on. In

general , secret Q to contri b te,to nucosal
defense via |m‘r§§11}e/celjlet%€fn?%}’h&gﬂ§( &)i{. %@ :é‘gl{s%%le Vel etad%wa agfl of enteric
pat hogens wist h tphakagedtferstse. n&iltablpadjh\ahisdﬂchslelblitamanodhmltedxotshmctanaggI utination,

entrapnment wt h| n and earance Wi thin the zonucous

bl anket (M Ghee, glbg%‘ecylamm Oigg(@}lamﬁﬁe lyB?le%F“nhi stol ytica to col oni ¢ nucins
and epithelial detdilyldisctatediaimchibybbhgiepdNadiodtalecsylQaNabiE@se- i nhi bi t abl e
surface lectin

1987: .Petr 87 he rb t e- bi ndi ng domai n
of the lectin's %@xyle rﬂ%a&v9"%'15‘8%%‘?1%‘*?%@?*?%@11@&6”?F%gaﬁlﬁ) c1|981|) |gs !
| ocal i zed bet V\B(pﬁlyalﬁtlpﬁﬂnﬁ)m d3., Ban, tdextiA8 Sul by Bﬂjzlﬂgrpolylaﬁ'fc achgnn, 1993;

Pill , 1999 | tib 17 ti
slubu(rjll: t (Pe11°3| , C‘Z'Lrg@?f p8'%ﬁﬁ“fngt@g%9'%g% 8‘5‘2{?"86 ?“ﬂ;e[“ Q‘&Te %gé“e %‘é@e’loﬁll gca:jﬂer ence

of E histol yti cambkiops)akg, Erﬁl&nfﬁ@rdsﬂieﬁiﬁf Othtbieftidl Bdj\vanfsandédRatae, 1987;
Chadee, 1988), indj.catin qfr% i nt nal anti-lectin I gA antl bodi es coul d
have an |rrportaﬁ?pt'rd‘6f5 U Wé’ahea Fﬂxt“;Prf"]i‘P ¢ra toxin ilp PR GXeBPle W Ther e i s

mounting evi den@aw%@wmnﬁ@faﬁma_tmh@mg Udet @dob i 2d001 M &EdnNado3ant i -1 ectin 1 gA
anti bodi es nedi ate i hmun l;1/t0|ntes,t|nal i nfection b)i:E hi st ol yti ca
% (

(Hague, 2001; H&YKE, 20@@09t Roteptial aiuvants are KpgyHoia e agts Finbwdieh, 2003). The
latter is ascl O%Ehynorg&h@f,@alucmhyQéﬁédrﬁs&{te@%qm%n{epf@%mqa AQTR) that is

nor phol ogi cal ly identical to E. hist i ca and possess a functi onal
gal act ose- bi ndi Aympleten. Ar WX'PFCOQW%?déﬁp'tOF?&H spohos kenbals lissie sequence honol ogy

to that of E hi %ar%c\ﬁdmaﬁ)fm hﬁnmmemlbdnﬁ&m Jlopsdha%wé?@ conpl ete

car bohydr at e- bi nding domain (Pillai, 97), i spar 1nduces an intestinal
but not a hunoral anfhe-apelicetien qf&mmtld%@yva@@sqé@n@éa praral ag2in003) . 5A

reconbi nant Cys‘éﬁbﬁ}@ccﬂérﬁﬁngﬂ’%&{'aﬁwég%é &vek GiRdr Vit WHRRdAY NO acids 758-1134
of the lectin's 170 kDa subunit, designated LC3 (Soong, 1995), is recognized

by adher enc®- i nRresention 9f solmmizghionors(infpeaion Ayinpewiaiion sotonly leduckiifies t he | ectin' s
gal act ose- bi .”d' Wl&ﬁ&%fgmqﬁgﬂae%ommmso dfiiidat féegﬁcﬂd& 1999). The LC3

protein is highly antigenic and nogeni c, pur| protein has a
1070% vacci ne effi caby abhvetlh@ecb@ﬁbnmlﬁmn,flaﬂw igmaslivings, Injtheeyaceibs cess ( Soong,
1995). Oral i @lf\gg &S L with cholera
toxin as adj uyamn@h@%‘hggsﬂgnn e&gﬂg&‘é&&"ﬁ%%e@fmﬂ ?gltl gﬁsﬁnﬁfg anti-LC3 I gA
anti body responfem@Btern ofgrotdid o6)eptidermatcileg3VdcgiAe eombobitiGisandyi ibdallees ar e

present in fthe ‘Bja Pﬁp;e, biasis (colitis
and ALA) ané ﬁ%ﬁogt&\ﬁﬁg %pa/dg) ntggéh a?? &ﬁplé% %nnéo'ﬁ#p?%é b Ic E. histolytica
intestinal i nf eaci]uv:ant emmmw lll}droxgieﬂﬁmsmv,cbﬁads s@B8 Jatexlon geldbeadal st udi es t hat
enconpassed | ar ge- SIS S fle, H?%ds?nﬂgssar ﬂ%a%éﬂ?l@ 1%3@&% o &n%hléh' Her abscess,
a nucosal | gA i mmune’response er nan tn en was detected
(Abou- El - Magd, 2686 Prmdlcmt?lﬁm)ler dmm opvaesly pnemnemoorp&sqlm’.ent ified the
specific LG eD'cén%Bﬁl?g Jf%ﬁl?e%ﬂé czoﬁgenmé layers adherent to lipidic layers. The active
30 protein is preferably present in the aqueous layer and in the lipidic layer, inside

or outside, or, in any event, in the non-homogeneous system generally known as

a liposomic suspension. The hydrophobic layer, or lipidic layer, generally, but

not exclusively, comprises phospholipids such as lecithin and sphingomyelin,

steroids such as cholesterol, more or less ionic surface active substances such as

35 dicetylphosphate, stearylamine' or phosphatidic acid, and/or other materials of a

13



| gA anti bodi es associated with the putatively protective nucosal inmune
response that occurs follow ng cure of ALA (Ravdin, 2003). The IgA anti body
epitopes were identified by use of overlapping reconbinant LC3 protein
fragments, utilizing serum|1gG anti bodies for conparison. The findings were
25 confi r me¥0 BYS89%8di es with pool ed intestinal |gA anti BEBUSHISTHEI nvent or s
produced | gA nonocl onal antibodies to the LC3 protein for use as specific
probes to correlladwepkgbiamapee.r ecognition with inhibition of amebic

gal act ose- spect 1 C. AWl ERAEoork Rl bR APLIAG (5, BHbAl B Rt eCLl ve LC3
epi t opes, overl appi ng pe des "‘wer e prepar ut111zing amno acid sequences
of the 30reacti ke dcd%e leglledlglpetbatas;dle%pteleneptpfidns tp@dwgmth(bra suigableg | gA

anti bodi es from THODS Subj ect s
35Sera and st oola&ggﬁp%?egﬁm@eeﬁlg taaéllﬁgg%gﬁ %ﬁiglﬁsb@ﬁp %%tvhviptahout anebi c
infection, seropisitive subjects with E h| stol ytica asyrrptomatl c infection,
patients recently (O nt hs ALA W tained E

hi stooitica intesti ngﬁ %% g%fsta}eoa(r%i rﬁggg&f_s S%enfra@ﬁ%n%egwoa e tg?a E cure who
remai ned uni nf ectigdle fnmldtnog,kﬂeptlcbnd@:mesmay %adminl{ﬁ:red)&hﬁossﬁfwﬁdtusﬁ\f r| ca.

SLumi na] anebi ci dal nge nts such_ as .dil xarllt i de. f ililr oa e or rormrrym n are
unavai |l abl e in SSNHETRFPINE BNCYHLT BeThs bile selthorfiisidia gpids O i nfected for
months to years uaﬂaﬂlg,rwmfmmm Tra&vﬁamous%&mxstraﬂdnfaof@bgﬁi%mﬁelsef E.
hlstolytlcalnf ction term ne ri.bas i cation using
PCR and/ or Cul t 8w‘6f0r\§?§’5rp‘ﬁ WECW??ngWdaﬁﬁﬁaﬁ%{% S‘ie@e Idat P8 of Amebi ¢

I nfection by Ri hfadmalstrdds tREminde ofthe Sidjepd, aﬁitﬂﬁfaﬁlrébﬂfaﬁ(ir/adjuvaﬁﬂc and the

extracted DNA stored. at -20C in a fecal bank. The DNA St ool
Mni K E (Ot e draeR Pt R e e 6T e P PR R feces

according to th&bdﬁmm%@&gﬂlﬂgﬁk§boﬂy%@H’LOHI; gdnedl, nRRPRS RbeniktAliedsalfor y ar eas
were used for PCR analysis t nimze the risk of cagntanj nation. DNA was
extracted from foGFeR n@ﬁ@n‘g’lﬂg} ImupizatiqnpLotprekarisedyids ?‘E’ﬁ%‘r‘%ﬂ‘eand sanpl es
added in angt hergtarea. PCR was run in a third area and the anal ysis and
storage of the anplified PCR materials (materials, glass wear and

equi pnents) occurred in the remaining area. 20PCR was performed usi ng dNTPs

(Arer sham Phar naci a Etglsﬁgd”ﬁc&ﬁ{b%h@g ft 27-2035-01) by mixing 100 TI of each

nucleotide (G C, T, an B nucl eotide was supplied as a 100 nM
solution in H20 at plbetemys @@ilt@dxnanéfanﬂb@élqsmlcewpawérntaéﬁeﬂol.c;méew1420 (f| nal

concentration Ofwe@laaglﬁ‘aﬁﬁ'&xltﬁ%ré%a‘(‘ﬁé ré)@bl%f E‘{ﬂd’m L&3Jshlg.1n§{ﬂpel§tﬂ'é A 5.6 jig/m
for C, 5.9 pg/m fo divided into 1 m aliquots

and stored %t mbomawh@pqﬂ’iﬂlwa@éwW@lﬁ%ﬁ#ﬁmaﬁilﬁﬁaéwaawépéch Cat al og

# 270799 did nbERE tol yt
oo p“) rT;V?S( 'hhﬁeﬁgaﬁtﬁbo&leszgx %IIBC Wﬁ'ub!ocﬁ%fagﬁx&ty%ﬁb fr%é%ﬁen%E%ﬁ'lE Kloyll);:a E

di spar sense prmmzf(@mentscﬁwmlmc@@@mrm@ompmm 3" (SEQ ID

NO; 2)) and E. 3 TTG ATT

TTA CTC AAC TCT Q‘HCL:A %h%ﬁégﬁl@! %I’Egg %&%C%b a(ﬁi,% essr‘r%rﬁ:ﬁ %Ele %én?/\%?ng&\ér epared as
10 Praol /pl . Bownh@dsemrhompgmmuﬁprB@Apns(qﬁla@rb@éles t@@@aﬁrgulm epitopgt al og # 23210)
was dil uted, W th, Oﬁgﬂg(i ]Z @g 1420 (500 T1 BSA + 500 gl H20) and kept at

4C. The DNAtob was added to the 95 gl of PCP. mxture to
35conpl ete 100 pl. EAohntibigdy mr’pploéarwamnmmqbdlm Ug)csdass, dneduslingdieMg  E.

histolytica IgA, IgD, IgE, and IgG, and any subclass thereof. Antibodies of the IgA class

are particularly useful because one antibody molecule can cross-link another of
LC3 subunit peptide, and are mucosal antibodies. Immune complexes

30 containing Ig molecules that are cross-linked (e.g., cross-linked IgG) and are
thus multivalent also are capable of cross-linking a plurality of LC3 subunit
peptide molecules, and can be particularly useful.

As used herein, an “epitope” is a portion of an antigenic molecule to

which an antibody binds. Antigens can present more than one epitope at the

35 same time. For polypeptide antigens, an epitope typically is about four to six
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sense and once using E. dispar sense. The conventional PCR machi ne

t hernocycling conditions were one cycle of 2 mnutes at 95C fol | owed by 35
cycles of 1 mnute at 94C, | mnute at 56C, and 30 seconds at 72C. The | ast
single cycle occurred for 3 mnutes at 572C. Specific detection of anplified
DNA was acht @¢¥8"%%%el el ectrophoresis. Digested DNA wRSTaspmsatise on a 2%
agarose gel containing ethidium brom de. 10Ex€ressi on of reconbi nant LC3
fragments in E.amgppcighie gk droskffaret ingaunoglgbuliny sandgegthepanehe | ect i n- heavy

subuni t gene) (50Q Speéiﬁa%ﬂhiggf@&g\ﬂn?%thé&%&%épi}’@éopéépj)teeﬂtoﬁeg restriction enzyne

digestion (Figure 1) and tthe DNA Tragments gated inframe into pREST
expressi on vectors. Prhalvalantieadids arstcentsinedip the sern ofimnaumizet eimlgsi on pr ot ei ns
expressed as 15galahdffaRhsl Lan: each protein
was verified bygfl%mmnogﬁ ot (t?(?{%s%ur\?\n{)etyq{ép?%@s&? %g&%gé%@é%éﬁ%ggwgﬁ%ﬁ body, which
bi nds to thé& futsrlowelogpalimartzelguaeseclongntibalics oan efobtagpkdipame| onal ant i bodi es
to the LC3-enco - D [ 4 . 1 .ajned fromthe
Jackson Labor at %rag/u I%gljéa?h‘gylg(%%gmﬁgP%%Sca?fﬁaﬁ(ﬁ%dmﬂ%%ﬁé@%% %@g@ﬁ? ree ani nal
col oni es. The nididingemneulinie as deiseribed inrtherriric ohyibsiddrae producoggemoclmabe fr om

Sendai virus angltlgwgsrofmgeti e%ﬁgﬁ &ngl@tgﬁ{eggﬁio rinlv%‘ nmonocl onal anti bodi es

were produced via a mucosal 1 nmuni za ocol. "BALB/c mce were
i mruni zed i ntr a- Peyekmgibpdiedf theincation dldo c206e ifalgedfrorh@8r ¢ramplej the and boost ed

intravenous|ly with 2.ii.g..epi nephrine |P and 50.ji.g of L rorein the

fol | owi ng aééy. ﬁeﬁ‘%négfé é@‘%“ﬁ%"?e?‘,”{al’ ko epﬁo nggwécgl%tldgé%hi“{eipg%%?ﬁan H&ir spl een
ﬁelbl ;dhybri f“ zeﬁhanj[hﬂlaﬁla&bﬁmmeigofmniqws kit inHFdethlrmtglﬂ, bﬂanﬁome«d%@ﬂ}[yihdent ify

ybri doma cl ones that secre . nacl o nti hodi e e

LC3- encoded protein /%@8&%1?15%%97&8%8@? eﬁﬁ%ﬁéﬁﬁf’%{’t §§r?/§£'F°éiq’é'oat ed

overni ght w th for3xaptptd, Ghmurdiingidsednirdis .26 rabbine clhitlahs snivee p@indalpisked with 1%
BSA i n phosphat e- buf f er sal i.ne | ut, | PBS). Tissue cu re supernatants
from each fusi off rﬁ@r‘@‘%ﬁ {lg@ylggpepﬁ es‘oé’égﬁé) ?p%g Orrao%otwcf"e%gh‘gbjure or

over - ni ght 1at  4geptiffddan dwipriguskd sdtbmbinitly JbyRBEnkcaIRY@hasisner b351% BSA and 0. 5%
Tween 20, alkalin hosphat ase conj u ed at, anti-nous | gA anti bodi es
were added as. 1BOTISRIRR Fegates O HEt RO RPTGS FOBB 0 PRSTveen w th 106
BSA. The enzynamjdstisresiGhd galy paitle dRYjaVAMRREN bé iskd b if@éasdhef p- ni t ophenol

phosphat e substrate and the optical, density (QD) s determned at a
wavel ength of 4fEMEi{ogkal rEﬁE"P%Sa@P?{Gm@P“6‘.3(5‘8“%5?6%\,\?%@%@6 Y wel | wi t hout

SLC3 present Wamcm@dBleatRrsedjuRas (dompRte aldRcosétPR iR sl hehhy of the
anti-nouse | gA conjugate was confirmed with 1gA 1gG and | gM nyel oma
proteins. Phe i 8BP{YE hyfrorie sifsereaAIsHBY WSS HFderBBnPIIREd using an
| SO-strips NMDUSE,HEN) Q6lySIGHs, Fptiddd QeniuiRhy, RbyHBleMinipet ARy Ant&UMBPPI Ng of LC3
fragnents recogni zed b){l human serum | gA and 19gG )
and dinitrophenol. Standard techniques can be used to isolate antibodies
generated in response to the LC3 immunogen from the sera of the host animals.
Antibodies can be produced recombinantly. The amino acid sequence
25 (e.g., the partial amino acid sequence) of an antibody provided herein can be
determined by standard techniques, and a cDNA encoding the antibody or a
portion of the antibody can be isolated from the serum of the subject (e.g., the
human patient or the immunized host animal) from which the antibody was
originally isolated. The cDNA can be cloned into an expression vector using
30 standard techniques. The expression vector then can be transfected into an
appropriate host cell (e.g., a Chinese hamster ovary cell, a COS cell, or a
hybridoma cell), and the antibody can be expressed and purified.
Antibody fragments that have specific binding affinity for LC3 subunit
peptides and retain cross-linking function also can be generated by techniques

35 such as those disclosed above. Such antibody fragments include, but are not
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serum anti bodi es ELI SA was perforned as described previously

(Abd- Al l a, 2000). LC3 protein fragnents were purified as descri bed (Soong,
1995). Briefly, 96-well mcrotiter flat-bottomed pol ystyrene ELI SA pl ates
were coated with individual 15LC3 protein fragnments (0.4 Tg/well) and the
non-react i WEO &%8Y8%er e bl ocked with 1% BSA. Serum sanpPEEUs0&035Udi ed at a
1: 100 dilution for IgA and 1:250 for 1gG all in PBS-Tween - 1% BSA and

i ncubat ed ];1 or 2liigidns, F@tb)fgm@emﬁﬁtm@ﬁ)&l&eh?ypaﬁmmgbstaﬁe |COP] ugat )ed
goat anti-human |, [.CN Bi onedi cals (Costa Mesa, California) or
anti - human | gG %8 E‘g’«‘?ﬂ’otl g’ "‘Z'g%ééjfrggm%ﬁ)thwe@F‘Peiﬂt%joby(rﬁ‘éucf‘gé%0 for 1gA and
% 5000 for |gG)dlsul[ﬁdBBSdQ'dA/@eE(ab’)glﬂ/agﬁa‘éﬂtsfQﬁerhdﬂﬁél?diﬁbg rbsalomeragbs wel | for 2 f
ours at roomtenperatur ng the plates and correction o
nonspeci fi ¢ bac®l 6%“%@%3%‘@%?81@8@# ynfléwsgtsa@sferm%éa lipkag di n, 1990).
25Epi t ope rmppitﬂ@hdafzyi{@lgﬁf@gﬁﬁ’ﬁgﬁeﬂtﬁmMV oP¥ia B Eh1AS adid Hridgnocl onal

anti bodies Transforned bacterja (Sqong, 19959) were Eel l ete |l ysed in SDS,

and | oaded i nt de80d8 ISAmo 3;95*5%15&?\‘ 91‘%1%"‘6%'5@*‘%“ PyReR df‘elséléﬁlf'r@ﬁﬁorem s, the

proteins were tmaRgbalyHagmtMs &htbéﬁfb@lxdealhﬁ?&%h %&ﬁf&e&fa;qubmﬂqpl otting with
anti- 30LC3 | gA nonoclonal antibodies. Horseradi sh peroxi dase-conjugated

anti - mouse | gA these dselosediin U Bagnt Nash QA6 178 2 2igh Aagraenteesnrha agnderadht i body and

4-chloro-1 naphﬁ&ma@%w&%&&[ﬁﬁl@ bidﬁﬁylaﬁ&xlaﬂa agssqfnkfng%ﬁgogeas}a ondary
anti body. Effect of nonoclonal antibodies on anebic in vitro adherence to

CHO cel I s 135E. anHPQ:,dﬁ’éllaﬁlﬂF‘E%thﬁtrcé?)ﬁ@%sdlnﬂ(éé’lur%‘ﬁf%f LC3mbunimepiiges-e mai nt ai ned in

axenic 21 culture g &8 widhowsedfued {VH‘@ mg@%crl bed by
D anmond (Di anond, 1993n alndwharc:/estelé as ?@8@% [?rogw ously (Ravdin,

1981). CHO cel IExamblesi ned fromthe ATCC were grown in F-12 nedium (G BCO)
suppl enented with 10% fetal bovine sera (@ BCO, penicillin (100 jig/nl) and
streptomycin 5(100 jig/nml) as described previously. Adher ence studies
were performed using a rosetting assafXAMRKEH, 1981). Anmebae (1x105/ i)

wer e |ncub%t ed in hybri doiralg,bl/gs%g&%mgctn b%‘hqgul@gergc control amebae

were incubated with RPM 1 ssde -cul ture super nat ant - cont ai ni ng
anti-Sendai virus | Q#lmwomﬂoﬁmemmmbwss (ALAghavemmueitsiove washi ng,

trophozoi tes (10l A HOUEEUGo0R I LELE PURRRNANE, Ltk ™ of MLOOS

centrifuged at ours - a I ncubati on,
0.8 m of superlmatuamtO\ﬁa@StOémweﬂacam, welapémththewm@échtl-lwm per cent age

of  amebae Nty A gh Rl OBRRLES00% e GHONGRI kel WU Bogdcodlich B1MT ot

cells) was det efni'ned onet er
20 anti-lectin sera IgG and IgA antlbodles in subjects cured of ALA or having

asymptomatic intestinal infection. The results were correlated with inhibition of
galactose-specific amebic adherence with epitope-specific mouse monoclonal
antibodies (MoAb). Samples were obtained from 75 individuals: 42 ALA
patients, 11 subjects with asymptomatic E. Aistolytica intestinal infection, and 22
25 uninfected controls. Reactivity was determined against seven overlapping
fragments of LC3, a cysteine rich portion (AA758-1134) of the galactose-
inhibitable lectin heavy subunit (Figure 1). All asymptomatically infected
individuals and 19 of 42 ALA cases were positive by stool culture and fecal PCR
for E. histolytica infection, while controls and the remaining ALA patients were
30 PCR and culture negative, All ALA patients and asymptomatic £. histolytica
infections were positive for serum anti-LCX3 (full length) IgG antibodies. Sera
from 32 of 40 ALA patients and 10 of 11 asymptomatic E. histolytica infections
were also positive for anti-LC3 (full length protein) IgA antibodies. Serum anti-
LC3 IgG and IgA antibodies exclusively recognized the third (868-944) and the
35 seventh (1114-1134) LC3 epitopes. A sixth epitope (1070-1114) was identified
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Synthesis and purification of peptides based on the am no acid sequences of
the LC3 protein epitopes Ten overl appi ng peptides were prepared from
the ami no aci ds sequence of epitope nunber 3 (between AA 868 and 944). Two
nore overl %g(ﬁ g@égtl des zowere synthesized from sequences between am no
acids 1114 B2 epi t ope # 7). Pepti des were synt heBCEES208INE7Per ki n

El mer Pioneer Peptide synthesizer sol i d@ghqse FMOC

(f 1 uor enyl met hoky@rarb%hf@aneh@#ﬁséwyot bpdgst dndibedigie Moust adive@B fzdom t he resin
and de-protecte o] i zed crude
pepti des were pt%o%fl g’g %%%gﬁg%)glrﬁgtf%\?%]%everg%ém ﬁﬂ%é}éﬁ@et‘bﬁ%ﬂ{%&%n 126) on a
C4 col um by VYDI@bs Sobgréaet tha first 0.C3 Gragimemt (Wi&&é@)ebqtmshMGmongedbyl% TFA in
ACN (Acetonitri n ] ty and
quality control h‘%%‘ar%lﬁgﬁlﬁlg%e??dﬁ{%}“&{rg@padhgg{ %fgnh’g%gf%‘{]’?%’% tﬁgg@ HPI 090 on a
C18 (VYDAC) scol m’dswasmhgntmhw asbloAb ¢ thelihid fraBOan 6 10%), tvbss bypddsAtonetry on a

| GA and TG ant a0 wedént 267 P lugt e i dIRELER S RESEIMGRT Y "1T0 g
feces in 1.0 pi hﬁMﬁsEl 1(nﬁmﬁ5fnﬁ@onsu(@&arﬂ IpG) iPBSnansedth AdohbxaasymptgmanoO% bovi ne
serum al bum n obtai.ned. at i. nt a t omat i.C tolytica

i nfection and c0 chO sltkll\él %arﬁ ”?c)ﬁ‘g fvgihksbﬁ%)ggég%]%g@ é%%‘beﬁftl on of the
reactive pepti deﬂxbxtEtbleSﬁwzmkcmemfed)am@djhbmn@mfi?dﬁmlwﬁﬂto maihatdams assayed for
LCBfragrrents except e erao repared fromthe study
subj ects weéfe nfﬁ%ﬁ“g%?%‘%dﬂ@%a%nﬁﬂimﬁ% eparsé'%‘ie K C%ﬁ??%%g%%{:oncent ration to
wel |'s coated w idué@aphugeptimaenity I8 €. kigshriafinfedi@nELI SA st eps were identi cal
to that performed with the protein fragnents. Statistics 10Results were

expressed as the nean, (+3 SD, of P&f LEQSl tive and percent negative).
The Z test (converted to P value) a ed student t-test was used to
determ ne the signi f¢daiaboRbt thd fut 8y BB eRericIRNoZABD). Hisrolfich, 8t - = (131 -

P2) + PQ (1/NL - 1/NQ2/% 15P1 = proportjon_of positives in group one P2
proportion of p&Epaidtedewth ?iih@'F'Eﬁﬁ[SO rbabydratgSish aWCHldsHFAVPRRENe est i mat e
+ X2) (NI #5N2) golefhc muwamad&f19@@8@&&%61398@}1warcﬁmn@ra%n%amunenunber of
positives in group two, NI = total nunb roup one, N2 = total nunber of
group two, Q = barier tyoparasitic ltlY?éIOEuIrﬂrgéPﬁrals%eﬁfé'VrY %én‘tﬂ?ﬁél%aﬁﬁﬁh‘@glﬁ t9est is used
for percents. TR fustdto alf&ba/sep&e@ﬁ?e va Ritithe ERAkich N G PERBEAEAFEROT POSI tive

test in the two groups are
contact of enteric pathogens with the intestinal epithelial surface due to their

(X

agglutination, entrapment within immune complexes, and clearance within the
20 mucous blanket (McGhee, 1992).
Adherence of E. histolytica to colonic mucins and epithelial cells is
mediated by the parasite’s galactose-inhibitable surface lectin (Chadee, 1987,
Petri, 1987). The carbohydrate-binding domain of the lectin’s 170 kDa heavy
subunit (Petri, 1990; Ravdin, 1981) is localized between amino acids 895 to 998
25 (Dodson, 1997; Mann, 1993; Pillai, 1999). Murine IgG monoclonal antibodies
to the 170 kDa lectin subunit (Petri, 1987) completely abrogate the galactose-
specific adherence of E. histolytica trophozoites to colonic mucins in vitro
(Chadee, 1987; Chadee, 1988), indicating that intestinal anti-lectin IgA
antibodies could have an important role in mucosal immunity to E. histolytica.
30 There is mounting evidence from epidemiologic studies that intestinal anti-lectin
IgA antibodies mediate immunity to intestinal infection by E. histolytica (Haque,
2001; Haque, 2002) and E. dispar trophozoites (Ravdin, 2003). The latterisa
closely related but distinct species (Diamond, 1978) that is morphologically

identical to E. histolytica and possess a functional galactose-binding lectin with
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sane (difference in percentages = 0.0% . The alternative says that
percentages of positive test in the two groups are different. Using type one
error (al pha) equal 0.05: - Z> 1.645 = significant changes. 25- Z < 1.645 =
i nsignificant changes. RESULTS Production of LC3 reconbi nant protein
fragments WAZWHBRrated in Figure 1, the LC3 protein RGRBSRILHRED7 armi no
acid 758 30to 1134 of the lectin heavy subunit. LC3 DNA was cl eaved by
restriction enz§aderdhapdsts Bming aridseavancs homplag tathptal Enbispiptien dddiEng pr ot ei ns
of : AA 758 - 94$W%c%ﬂicrudésjt§élcon4:le?egdﬁﬁﬁﬁ dPudBiRdih s BERER gﬁnae@bﬁ)d into
fragments B encoding (AA 758 - 865) and g(AA 758- 826 Fi gure 1). Fragnent
D was further dfgéweeiadicss o infesiipabhit ot huporabany-lestiaded antihgdyr ot ei ns of AA
944- 1114, 3594451{04Q (RN, 90¢5)987, respectively. Reconmbinant proteins were
produced from each of these oOverlappi ng DNA fragnents, the pattern of their
recogni tions by | gA dnteraiplinans cysteingwisd fusta mratdin that ingdwdes pmineweids di st i nct LC3
epi topes. Enitopg. § . t B i -1 gA and 1gG
PR3-1189 Pf #¢ 1e8fin’s- 9 liﬂa%gl;{ﬁﬂ, &m?:lyaé%ﬂ[_%sgé}%f Idﬁl%g id

anti bodies 5The serologic response to puri ei'n”"was det er m ned
by ELI SA for eatsbognized badhenguse-ighibitans IeGrnanecldidl hmibedies gndoughgdesthe anebi asi s
subj ects were s 3 1 L: I i er sH.n | gA epitope
specificity: (1%&215?%%)&%{5215%%@5%%%3‘8# %Sﬁ%ip ?%ﬁ%}q’gg? és’ ﬁ(\}&?a[ﬁl@?) rﬂlés]t ol ytica
infection, (2) kUbpreteinsis bighkydntidenibland immunogeaicspwified 1.Ca pyaigio baswt i ¢ i nt esti nal
i nfection hayi, ] i i nd. (3 ubj who were

i nfection 19 é eeazdnz’;gafglgfgg%@%g?ﬁ E’grgér% %g&‘gggae%et%écgfvgg%bﬁ?%lgsﬁrt%onréeg%gtrﬁ'I y cured of
ALA with or w t@mlimnunizatiorestBALR/emideovithtized C3i pydtein wilb cheladitoedsaf or serum
anti-LC3 I gA ang, | .ant i bodi.es <0, aned. ont r.ol and ALA

subj ects one ye%ldlluVg'&tlIé({r?lc‘!:csuarn e"’lfiﬁeﬁ?néét}%nggﬁg‘x%gﬁsdnai ﬁ?t.l'}@%&%dg%%ﬁ’?‘i?yve subj ects with
asynpt omat i ¢ i nfegohseqBevting) 1P9).eAsti-DC3 dgit andlIE3 atbodids ap@rebaGinahd | bodi es
conparabl e to that .of

recent |l y.cured ALA subjects (Figures 2A and 2B).
Serum anti - LC3 ﬁebaé’fﬁmritg@%’dﬁf pﬁﬁ“@ﬁ%ﬁ“@%ﬁ%‘%"*’?&‘? PA@EH%TM ‘%taln s) were higher
t han t hose 1§ or thghajerity dIeobj&ss Wiy @fidmaticlE. 3@/ &Rt inGetnalugfetiy St udi es,
nonpurified reconhi nant protein sent in.cell supernate were utilized as
antigen in the é&’%@ﬂg’ iﬂqgrIg‘fvg}ne?wggﬁbﬁ?’?r?lisalﬂleﬁ@gt %@Bﬁ‘?ﬁfeﬂiﬁge 20pr ot ei n
present in :E Cﬂigﬁbe&%}ﬂp&t&h@ “Sﬁraﬁﬁbican(gitits belivmp%g&e;ssga ne6dal RIA ithAthas ihdenti cal
experinmental conditions as the rec i, nant ragmepnts. Under these
oxber i mont al  comtepieande Fepmaer IR GRPanTse AP bhesch oites ver o
reactive in 56.R¥dnppew3year after cure of ALA) to 90. 1% (asynptomatic
i nfected adults) of _anebiasjs subjects, all 9 were previously found to

of whom

be I gA 25séf oposi ti V8¢ PESTHEVEIYRIGIEH #\eisgea{flffé?%wm@ﬁ FOPERistey 1) . Table 1.
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response that occurs following cure of ALA (Ravdin, 2003). The IgA antibody

epitopes were identified by use of overlapping recombinant LC3 protein

fragments, utilizing serum IgG antibodies for comparison. The findings were

25 confirmed by studies with pooled intestinal IgA antibodies. The inventors

produced IgA monoclonal antibodies to the L.C3 protein for use as specific

probes to correlate epitope-recognition with inhibition of amebic galactose-

specific adherence. To further define the putative protective LC3 epitopes,

overlapping peptides were prepared utilizing amino acid sequences of the

30 reactive LC3 epitopes and screened for recognition using IgA antibodies from

pooled human sera and feces.

SUBJECTS AND METHODS

Subjects
35 Sera and stool samples were obtained from control subjects without
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amebic infection, seropositive subjects with E. histolytica asymptomatic
infection, patients recently (0-3 months) cured of ALA with or without a
sustained E. histolytica intestinal infection, and ALA patients one year after cure
who remained uninfected in a highly endemic area in Durban, South Africa.
Luminal amebicidal agents such as diloxanide furoate or paromomycin are
unavailable in South Africa; therefore, ALA patients may remain infected for
months to years after treatment (Ravdin, 2003). The presence of E. histolytica
infection was determined by ribosomal DNA amplification using PCR and/or

culture of stoo! with zymodeme analysis.

Detection of Amebic Infection by Ribosomal DNA PCR
Stool samples were stored at -70°C and the extracted DNA was stored at
-20°Cin a fecal DNA bank. The QIAamp DNA Stool Mini Kit (Quiagen,

Haldin, Germany) was used to extract DNA human feces according to the

manufacture’s protocol. Four separate laboratory areas were used for PCR
analysis to minimize the risk of contamination. DNA was extracted from stool
in one area, and the PCR mix was prepared and samples added in another area.
PCR was run in a third area and the analysis and storage of the amplified PCR
materials (materials, glass wear and equipments) occurred in the remaining area.
PCR was performed using dNTPs (Amersham Pharmacia Biotech,
Catalog # 27-2035-01) by mixing 100 T1 of each nucleotide (G, C, T, and A;
each nucleotide was supplied as a 100 mM solution in H>O at pH 7.5) to 5 ml of
10x PCR Buffer and 4.6 ml H,O (final concentration of each nucleotide was 10
w/ml = 5.8 ug/ml for A, 5.6 pg/ml for C, 5.9 ng/ml for G, and 5.7 pg/ml for T),
divided into 1 ml aliquots and stored at ~20°C. The Taq Polymerase
(Amersham Pharmacia Biotech, Catalog # 270799) was diluted as 1:20
immediately before use. The E. histolytica sense primer (5'- GTA CAA AAT
GGC CAA TTC ATT CAA CG - 3' (SEQ ID NO:1)), E. dispar sense primer (5’
- GTA CAA AGT GGC CAA TTT ATG TAA GCA - 3’ (SEQ ID NO:2)) and E.
histolyticalE. dispar anti-sense primer (5'— GAA TTG ATT TTA CTC AAC
TCT AGA G -3’ (SEQ ID NO:3)) (Blessman, 2002) were prepared as 10
Pmol/ul. Bovine Serum Albumin (BSA) (Pierce, 200 mg/ml, Catalog # 23210)
was diluted with equal volume of H,O (500 T1 BSA + 500 pl H>O) and kept at
4°C. The DNA to be tested (5 pl) was added to the 95 ul of PCR mixture to
complete 100 pl. Each DNA sample was tested twice, once using E. Aistolytica
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sense and once using E. dispar sense.

The conventional PCR machine thermocycling conditions were one cycle
of 2 minutes at 95°C followed by 35 cycles of 1 minute at 94°C, 1 minute at
56°C, and 30 seconds at 72°C. The last single cycle occurred for 3 minutes at
72°C.

Specific detection of amplified DNA was achieved by gel
electrophoresis. Digested DNA was separated on a 2% agarose gel containing

ethidium bromide.

Expression of recombinant L.C3 fragments in E. coli
The DNA encoding LC3 (bp 2273-3397 of the lectin-heavy subunit gene)

(Soong, 1995; Tannish, 1991) was subject to restriction enzyme digestion
(Figure 1) and the DNA fragments ligated inframe into pREST expression
vectors. Transformed bacteria were grown and the fusion proteins expressed as
detailed previously (Soong, 1995). Expression of each protein was verified by
immunoblotting with a T7 tag IgG monoclonal antibody, which binds to the

fusion leader sequence.

Generation of IgA monoclonal antibodies to the LC3-encoded protein fragments

BALB/c mice were obtained from the Jackson Laboratory (Bar Harbor,
Maine) that maintains pathogen-free animal colonies. The mice were maintained
in micro-isolation cages, free from Sendai virus and other pathogenic
microorganisms.

IgA monoclonal antibodies were produced via a mucosal immunization
protocol. BALB/c mice were immunized intra-Peyers patch twice with 200 pg
of LC3 protein and boosted intravenously with 2 pg epinephrine IP and 50 pg of
LC3 protein the following day. Three days later, the mice were scarified and
their spleen cells hybridized to SP2/0 myeloma cells.

ELISA was utilized to identify hybridoma clones that secreted IgA
monoclonal antibodies to the LC3-encoded protein (Nedrud, 1987). Nunc-
Immune plates were coated overnight with LC3 protein at 4°C at pH 9.6. The
plates were blocked with 1% BSA in phosphate-buffered saline solution (PBS).
Tissue culture supernatants from each fusion were incubated for one hour at
room temperature or over-night at 4°C. Following washing with PBS containing

1% BSA and 0.5% Tween 20, alkaline phosphatase conjugated goat anti-mouse

20
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5 L.C3 present was considered positive. The isotype specificity of the anti-mouse

IgA conjugate was confirmed with IgA, IgG and IgM myeloma proteins. The
isotype of the murine antibody was also confirmed using an Iso-strip> mouse

monoclonal antibody isotyping kit.

10 Epitope mapping of LC3 fragments recognized by human serum IgA and IgG

serum antibodies
ELISA was performed as described previously (Abd-Alla, 2000). LC3
protein fragments were purified as described (Soong, 1995). Briefly, 96-well

microtiter flat-bottomed polystyrene ELISA plates were coated with individual

15 LC3 protein fragments (0.4 Tg/well) and the non-reactive sites were blocked
with 1% BSA. Serum samples were studied at a 1:100 dilution for IgA and
1:250 for IgG, all in PBS-Tween - 1% BSA and incubated for 2 hours at room
temperature. Alkaline phosphatase-conjugated goat anti-human IgA antibodies
(ICN Biomedicals (Costa Mesa, California) or anti-human IgG (SIGMA, St.

20 Louis, MO) were diluted (at 1:2500 for IgA and 1:5000 for IgG) in PBS-Tween -
1% BSA for incubation in 100 pl well for 2 hours at room temperature.
Developing, reading the plates and correction of nonspecific background binding

were performed as described (Ravdin, 1990).

25 Epitope mapping of LC3 fragments recognized by murine IgA monoclonal

antibodies
Transformed bacteria (Soong, 19959) were pelleted, lysed in SDS, and
loaded into 10% Laemmli polyacrylamide gels. After electrophoresis, the
proteins were transferred to nitrocellulose papers for immunoblotting with anti-
30 LC3 IgA monoclonal antibodies. Horseradish peroxidase-conjugated anti-mouse
IgA (1:1000 dilution) was utilized as a secondary antibody and 4-chloro-1

naphthol as substrate for staining of the bound secondary antibody.

Effect of monoclonal antibodies on amebic in vitro adherence to CHO cells

35 E. histolytica trophozoites, strain HMI:IMSS were maintained in axenic
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antibodies to the purified LC3 protein (Figure 2B). Serum I gG anti bodi es
fromthree of the four anebiasis subgroups (asynptomatically infected, ALA
i nfected, ALA uninfected) recognized fragments A (AA 758-944), D (AA
944-1134) and E (AA 944-1114) (p< 0.05, Table 2). However, 1gG anti body
recogni t i oWOPMBGP6Aagmrent E was absent in sera from uni HEYEHRIAT subj ect s
only one year after cure (Table 2). Table 2. Recognition of the E.

hi stol ytica LC3 pHiBteatilizing hyhens suliye redivimas descrifief by Higneapd (Dismaad onegat i ve &

PCR (-) Asynpt ONBiobL »RFHaARASH b déSoriBed brdvicoBh QRO iwﬁl).%ﬁo%nsoposi tive ALA
Seropositive LC3 controls PCR é+) who are who are culture (-) after protein
f ragment obtained from the ATCC were grown in F-12 medium (GIBCO) supplemented

with 10% fetal bovine sera (GIBCO), penicillin (100 pg/ml) and streptomycin
5 (100 pg/ml) as described previously.
Adherence studies were performed using a rosetting assay (Ravdin,

1981). Amebae (1x10°/ml) were incubated in hybridoma supernatant (dilution)
at 4°C, control amebae were incubated with RPMI + 10%FBS, or tissue culture
supernatant-containing anti-Sendai virus IgA monoclonal antibody. After

10 extensive washing, trophozoites (1x10*) and CHO cells (2x10°) were suspended
in 1 ml of M199S centrifuged at 250 x g and incubated for 2 hours at 4°C. After
incubation, 0.8 ml of supernatant was removed and the pellet suspended. The
percentage of amoebae that formed rosettes with CHO cells (three or more
adherent cells) was determined in a hemocytometer chamber.

15

Synthesis and purification of peptides based on the amino acid sequences of the
LC3 protein epitopes

Ten overlapping peptides were prepared from the amino acids sequence
“of epitope number 3 (between AA 868 and 944). Two more overlapping peptides
20 were synthesized from sequences between amino acids 1114 and 1150 (epitope #
7).

Peptides were synthesized using Perkin Elmer Pioneer Peptide
synthesizer, by solid-phase FMOC (fluorenylmethoxycarbonyl) chemistry.
Peptides were cleaved from the resin and de-protected using Reagent R, and then

25 Iyophilized. Lyophilized crude peptides were purified by preparative reverse-
phase HPLC (Beckman 126) on a C4 column by VYDAC. Solvent A=0.1%
TFA in water, solvent B=0.1% TFA in ACN (Acetonitrile) on a gradient of 0-
60% B in 30 minutes. Purity and quality control of the pepﬁdes were done by an
analytical HPLC, HP1090 on a C18 (VYDAC) column using the same gradient

30 and by Mass spectrometry on a HP MALDI_TOF (Atherton, 1978; Cleland,
1964). '

Peptide recognition by human IgA and [gG antibodies

Pooled human sera and human feces 1.0 gm feces in 1.0 pl PMSF (2

35 mM) and 2.0 ml PBS-Tween containing 1.0% bovine serum albumin obtained
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from ALA patients, asymptomatic E. histolytica infection and controls were used
in ELISA to determine recognition of the reactive peptides. ELISA was
performed in an identical method as assayed for LC3 fragments except equal
“volumes of sera or prepared feces from the study subjects were mixed and added
5 in the previously mentioned concentration to wells coated with each peptide.
The rest of the ELISA steps were identical to that performed with the protein
fragments.

Statistics

10 Results were expressed as the mean, (+3 SD, of percent positive and
percent negative). The Z test (converted to P value) and unpaired student t-test
was used to determine the significance of difference (Sox 1986).

- Z test.
Z=(P1-P2)+ v PQ (/NI - I/N2)

15 P1 = proportion of positives in group one, P2 = proportion of positives in
group two, P = pooled proportional estimate = (X1 + X2) + (N1 + N2), X1 =
number of positives in group one, X2 = number of positives in group two, N1 =
total number of group one, N2 = total number of group two, Q =(1 - P).

In the current study, the two sample z test is used for percents. The null

20 hypothesis says that the percentages of positive test in the two groups are the
same (difference in percentages = 0.0%). The alternative says that percentages
of positive test in the two groups are different. Using type one error (alpha)
equal 0.05:

- Z > 1.645 = significant changes.

25 - Z < 1.645 = insignificant changes.

RESULTS

Production of LC3 recombinant protein fragments

As illustrated in Figure 1, the LC3 protein encompasses amino acid 758
30 to 1134 of the lectin heavy subunit. LC3 DNA was cleaved by restriction
enzyme digestion into two fragments (A and D) encoding proteins of: AA 758 -
944 and 944 — 1134. Fragment A was further digested into fragments B
encoding (AA 758 — 868) and C (AA 758-826) (Figure 1). Fragment D was
further digested into fragments E, F, and G encoding proteins of AA 944-1114,
35 944-1070, and 944-987, respectively. Recombinant proteins were produced
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from each of these overlapping DNA fragments, the pattern of their recognition
by IgA antibodies allowed identification of seven distinct LC3 epitopes.

Epitope mapping of LC3 fragments by human anti-.C3 IgA and IgG antibodies
5 The serologic response to purified LC3 protein was determined by

ELISA for each of the study groups. Five different groups of amebiasis subjects
were studied to determine if there were differences in IgA epitope specificity: (1)
seropositive asymptomatic subjects with E. histolytica infection, (2) subjects
cured of ALA with persistent asymptomatic intestinal infection or having cleared
10 the infection, and (3) ALA subjects who were infection free one year after cure.
As expected, subjects recently cured of ALA with or without a current infection
had higher OD readings for serum anti-LC3 IgA and IgG antibodies (p<0.05
compared to controls, and ALA subjects one year after cure, Figures 2A and
2B). Seropositive subjects with asymptomatic infection had levels of anti-LC3
15 IgA and IgG antibodies comparable to that of the recently cured ALA subjects
(Figures 2A and 2B). Serum anti-LC3 IgG antibody ELISA OD values (at equal
dilutions) were higher than those for IgA antibodies (p<0.05). In the epitope
mapping studies, nonpurified recombinant proteins present in cell supernate
were utilized as antigen in the ELISA. Therefore, nonpurified LC3 recombinant
20 protein present in E. coli supernate served as the positive control under identical
experimental conditions as the recombinant LC3 fragments. Under these
experimental conditions, ELISA for serum anti-LC3 IgA antibodies were
reactive in 56.3% (one year after cure of ALA) to 90.1% (asymptomatic infected
adults) of amebiasis subjects, all of whom were previously found to be IgA

25 seropositive to the highly purified LC3 protein (Table 1).

Table 1. Recognition of the E. histolytica LC3 recombinant protein fragments by
serum IgA antibodies.

Seronegative { Asymptomatic ALA ALA ALA
& PCR (-) | Seropositive” & | Seropositive | Seropositive | Seropositive
LC3 controls PCR(+) who are PCR | who are PCR | culture (-) after
protein (n=22) (n=11) ) ) 1 year
fragment (n=19) (n=23) (n=16)
Nonpurified 0 10 (90.1%) 16 (84.2%) 16 (69.6%) 9 (56.3%)
LC3
A 0 6 (54.5%)" 115(789%) | 14(60.8%)" 8 (50%)°
(758-944)
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B 0 0 1(5.3%) 0 0
(758-868)
C 0 0 0 0 0
(758-826)
D 0 6 (54.5%)" | 10(52.6%)" 10 (43.4%)° | 5(31.5%)°
(944-1134)
E 0 1(9.1%) 3 (15.8%) 1(4.3%) 0
(944-1114)
F 0 1(9.1%) 0 0 1(6.3%)
(944-1070)
G 0 0 0 0 0
(944-987)

a- Seronegative or seropositive is defined by ELISA to purified LC3 protein,
nonpurified LC3 protein serves as a positive control for nonpurified LC3
protein fragments.

5 b- P <.05 for recognizing LC3 fragment A compared to LC3 fragments B, C, E, F,
and G.
c- P <.05 for recognizing LC3 fragment D compared to LC3 fragments B, C, E, F,
and G.
10 Serum [gA antibodies obtained from all four amebiasis study groups

recognized only LC3 fragments A (AA 758-944) and D (AA 944-1134), Table 1,
(p< 0.05 compared to all other fragments and sera from uninfected seronegative
controls). ELISA for anti-LC3 serum IgG antibodies demonstrated a higher
level of reactivity than IgA to the nonpurified LC3 in E. coli supernate (81% to

15 100%, Table 2), concordant with the higher OD readings for serum IgG
antibodies to the purified LC3 protein (Figure 2B). Serum IgG antibodies from
three of the four amebiasis subgroups (asymptomatically infected, ALA infected,
ALA uninfected) recognized fragments A (AA 758-944), D (A A 944-1134) and
E (AA 944-1114) (p< 0.05, Table 2). However, IgG antibody recognition of

20 fragment E was absent in sera from uninfected ALA subjects only one year after
cure (Table 2).

Table 2. Recognition of the E. histolytica LC3 protein fragments by serum IgG

antibodies
25
Seronegative | Asymptomatic ALA ALA ALA
& PCR (-) | Seropositive® & | Seropositive | Seropositive Seropositive
LC3 controls PCR (+) who are who are culture (-) after
protein (n=22) (n=11) PCR (+) PCR () 1 year (n=16)
fragment (n=19) (n=23)
Nonpurified 0 11 (100%) 18 (94.7%) 22 (95.7%) 13 (81.3%)
LC3
A 0 11(100%)" | 16 (84.2%)" | 19 (82.6%)° | 10(62.5%)"°
(758-944)
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f or

GO0OOOO 1(6.3% (944-987)
or seropositive is defined by ELISA to purified LC3 protein,
protein serves as a positive control

a -

Ser onegati ve

nonpurified LC3
nonpurified LC3 protein 5fragnents.

LC3

b - P < .05 for recognizing LC3 fragment A conpared to LC3 fragnents B, C. F,
and G ¢ -wwoﬁ/ﬁ@"‘gor recogni zi ng LC3 fragment D conpaPE€HUSWITELSfr agnent s
B, C F, and G 10d - P < 05 for recognizing LC3 fragnent E conpared to
fragnents B, C, F, B 0 2 (182%) 0 0 0
(758-868)
C 0 1(9.1%) 0 0 0
(758-826)
D 0 11 (100%)° | 15(78.9%)° | 19 (82.6%)° | 10(62.5%)°
(944-1134)
E 0 981.2%)% | 14 (73.7%)° | 15 (65.2%)° 1(6.3%)°
(944-1114)
F 1(4.5%) 0 0 0 0
(944-1070)
G 0 0 0 0 1(6.3%)
(944-987)

a - Seronegative or seropositive is defined by ELISA to purified LC3 protein,
nonpurified LC3 protein serves as a positive control for nonpurified LC3 protein

5 fragments.

b - P <.05 for recognizing I.C3 fragment A compared to LC3 fragments B, C, F,

and G.

¢ - P <.05 for recognizing L.C3 fragment D compared to LC3 fragments B, C, F,

and G.

10 d - P <.05 for recognizing LC3 fragment E compared to LC3 fragments B, C, F,

and G.

e - P < 05 for recognizing fragment E compared to other ALA subjects and
asymptomatic seropositive controls.

15 Based on the recognition pattern for the LC3 protein fragments, the

inventors determined that human serum anti-LC3 IgA antibodies exclusively
recognized LC3 epitopes three (AA 868-944) and seven (AA 1114-1134)
regardless of study group (Figure 3). Anti-LC3 IgG antibodies also recognized

epitope six (AA 1070-1114), but as stated above this recognition was lost 12

20 months after cure of ALA (Figure 3).

Characterization of murine anti-LC3 IgA monoclonal antibodies.

The inventors screened 1300 hybridoma clones by ELISA for anti-LC3

IgA antibodies and found 85 positive secretors. Of the 85, by limiting dilution,

25 the inventors found 14 that were stable as single clones. The inventors

confirmed by immunoblotting whether the 14 hybridoma clones produced IgA

monoclonal antibodies to LC3 protein (Table 3). All but 2 of the 14 monoclonal

antibodies, numbers 244 and 728, recognized native E. histolytica lectin by

ELISA. IgA monoclonal antibodies to Sendai virus served as a negative control

30 in all experiments.

Table 3. Epitope Specificity of fourteen anti-LC3 IgA murine monoclonal
antibodies with comparison to that of human serum IgA and IgG anti-lectin
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monocl onal anti bodi ed;, {@a%B2Ds 244 |ardd. 412893, 2 60Mmi ded rati ve H- hisfol ytica
| ectin by ELISA. 1gA nonocl onal antji bod{,{z%s {0gendail virus served as| a
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R

| gA Monocl onal anti bodi one if]) IgA Hunan 1gG 1} 8- 82 41,
193, 244, 606, (-) 4. (944-987) 580, 1152 2) )

5. (987-1070) 676, 1059 ) )

6. (1070-1114) 867 6] +*

7. (1114-1150) ) ) )

a = Epitope recognition lost one year after cure of ALA

5 Anti-LC3 IgA monoclonal antibodies were further characterized by
epitope mapping as shown in Table 3. The seven LC3 protein fragments (A-G)
were immunoblotted with all 14 of the IgA monoclonal antibodies; the LC3
protein and a LC1 fusion protein (AA 1-346) were used as positive and negative
controls respectively. Eight monoclonal antibodies (numbers 38, 41, 193, 244,

10 606, 728, 737, and 854) recognized fragments A, B, and C. Clone 875 reacted
only with fragment A, indicating it recognized epitope 3 (AA 868-944). The
inventors determined by similar analysis the epitope specificity of each anti-LC3
IgA monoclonal antibody (summarized in Table 3 and illustrated in Figure 3).
None of the IgA monoclonal antibodies were found to recognize the second or

15 seventh LC3 epitopes (AA 826-868 and 1114-1134) (Figure 2). Interestingly, the
overwhelming majority (13 of 14) of the murine IgA monoclonal antibodies
recognized LC3 epitopes not recognized by human anti-LC3 IgA antibodies
(Table 3 and Figure 3).

20 Effects of anti-LC3 IgA monoclonal antibodies on amebic adherence to CHO

cells.
Except for clone 1152 (epitope 4) which demonstrated no inhibition, all
of the anti-LC3 IgA monoclonal antibodies inhibited amebic galactose-specific

adherence to CHO cells, regardless of epitope specificity, by a range of 25% to
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87%, P < 0.01, compared to a control IgA monoclonal antibody (Table 4).

Monoclonal antibody 580, which also recognized epitope 4, inhibited amebic

adherence by 72% (p< .01, Table 4).

Table 4. Inhibition of amebic adherence to CHO cells by anti-LC3 IgA murine
monoclonal antibodies

IgA-producing
Hybridoma
Supernate (LC3
epitope)

Inhibition of
Adherence®’

IgA-producing
Hybridoma
Supernate (LC3
epitope)

Inhibition of
Adherence®®

73%
25%
70%
29%
73%
36%
87%

38 (1)
41 (1)
193 (1)
244 (1)
606 (1)
728 (1)
737 (1)

875 (3) 61%
580 (4) 72%
1152 (@) 3%
676 () 79%
1059 (5) 68%
867 (6) 28%

Control anti- 1%
Sendia virus IgA

854 (1) 76%

®  Percent inhibition of adherence defined as comparison to control test medium
without antibodies present.
> Cell supernates from all anti-LC3 IgA MoAb inhibited amebic adherence
10 except MoAb 1152, P < (.01 compared to control anti-Sendia virus IgA.

Fine mapping of LC3 epitopes by use of synthetic peptides.

Pooled human sera and feces were studied for reactivity with twelve

overlapping peptides to further define the LC3 epitopes recognized by human

15 IgA antibodies. Ten peptides were prepared from the amino acid sequence of
epitope three and two peptides were synthesized based upon the sequence of
epitope seven. Fecal anti-LC3 IgA antibodies from ALA patients with current E.
histolytica infection recognized the same four peptides (Figure 4), three of which
were also recognized by serum IgA antibodies. Fecal and serum IgA antibodies

20 from asymptomatic seropositive infected subjects recognized three of the four
peptides (numbers 2, 9, and 12; Figure 4). The amino acid sequences of the

reactive peptide segments as follows:

Peptide # 2, (AA 891-903) (TGT ACA TAC GAA ATA ACA ACA
25  AGA GAA TGT AAA ACA TGT (SEQ ID NO: 4), CTYEITTRECKTC (SEQ
ID NO:5));
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(-) 6. (1070-1114) 867 (-) (+) a 7. (1114-1150) (-) () () a = Eptope
recognition | ost one year after cure of ALA 5Anti-LC3 |IgA nonocl onal

anti bodi es were further characterized by epitope napping as shown in Table
3. The seven LC3 protein fragments (A-G were inmunoblotted with all 14 of
the IgA WDWQCZPWF"“énti bodi es; the LC3 protein and a LOAT/ER85EAIHT ot ei n (AA

1-346) were used as positive and negat I ve controls respectively. Eight
nmonocl onal anti bodi eSetidafifelt B8:-93aN(TCTGCA Gh4 G&@Gﬁ%i ABOGBAAT37, and 854)

recogni zed fragremi $ . | r agnment A,
indicating it reco ni%gﬁcﬁ%d\%g&%%f m%égﬁ?%%ﬂgyﬂsgggbdet erm ned by

similar analysi NQ:Rk CABET OYNG (B5Q BHdA:7aint i - LC3 | gA nonocl onal
ant body (summr i zedpl gl At Qa3 1308l 143) MY Lo ADAFAERGRI ARNE of the

| gA nonocl onal anti bodi es were foun recogni ze the second or 15seventh
LC3 epitopes ( AAGDATEFRCGanEA AGIAAPINTA TETAFRGEY TOABAALHARGCY, t he
overwhel m ng majFA a4 Ak b I@%l’@%‘ ti bodi es
recogni zed LC3 epi topés ﬁ%tﬁ ré(goggllbzl\;ed(;@by ﬁungﬁfgﬁ I - g Pgn i bodi es
(Table 3 and Fi gBEQIBNO:OBEf f ects of anti-LC3 |1gA nonoclonal antibodies on

A ch demonst rat ed nbiaRs b ad 125 OFHEARCT BT RLBANCR TR (oor
ant i bodi es i nhi KiGed4CAEIT ACHIGE AATeCAP 66N AGATHNETEOTATI G TCE®ACel | s,
regardl ess of epidPReA 3845 D MO oY, cTRSERFPAPRQEREIEIR (sEQ D
NO:11)).
IgA antibodies from pooled control sera or in feces from controls did not
react with any of the peptides, the four reactive peptides were also recognized by
serum anti-LC3 IgG antibodies pooled from the same study subjects (data not
15 shown). Therefore, the LC3 epitopes recognized by human serum and intestinal
IgA antibodies regardless of clinical status are AA 891-903 and AA 918-936 of
epitope three and all of epitope seven (AA 1114-1150). LC3 (and epitope 7)
ends at AA 1134, but Peptide # 12 continues on to AA 1150.

20 DISCUSSION
Human infection with E. histolytica and E. dispar results in an intestinal

IgA antibody response to the 170-kDa galactose-inhibitable lectin subunit
(Haque, 2001; Haque, 2002; Ravdin, 2003). Anti-lectin IgA antibodies have
been found in saliva and feces of patients with invasive amebiasis (colitis or

25 ALA) and subjects asymptomatically infected with £. histolytica (Abou-El-
Magd, 1996; Haque, 2002). After cure of ALA, secretory anti-lectin [gA
antibodies can be recognized in stool for up to 36 months (Ravdin, 2003). The
relationship between intestinal anti-amebic IgA antibodies and protection against
parasitic infection has been recognized in children studied in Bangladesh.

30 Immunity was reported to relate to individuals possessing anti-CRD (LC3 AA
895 to 998) IgA antibodies in feces (Haque, 2001). Those with other anti-lectin
IgA antibodies were reported not to be immune (Haque, 2002). However, these
IgA antibodies were demonstrated to be present in children for a very short time
(one month) (Haque, 2001; Haque, 2002). Following cure of ALA in Durban,

35 South Africa, protective immunity to E. dispar infection persists for at least three
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87% P < 0.01, conpared to a control |gA nonoclonal antibody (Table 4).
Monocl onal anti body 580, which al so recogni zed epitope 4, inhibited anebic
adherence by 72% (p< .01, Table 4). 5Table 4. Inhibition of amebic adherence
to CHO cel | s by anti-LC3 | gA nurine nonoclonal antibodies |gA-producing
Hybr i dona ¥HFEHEANEOE LC3 epitope) Inhibition of Adher endTYUS2ROBBHuUCi ng
Hybri doma Supernate ( LC3 epitope) Inhibition of Adherenceb 38 (1) 73% 875
(3) 61% 41 (1) 2595 f”b)ectﬁzl@mq@ga@) sustgiogdisperptiqpf hiphitises intgstinal 29% 676 ( 5)
79% 606 (1) anti-lectin IgA antibodies for up to 36 months (Ravdin, 2003). However, despite
the presence of high titer anti-amebic IgA antibodies in feces, in the absence of
luminal amebicidal agents, a significant percentage of ALA subjects remain
5 infected with E. histolytica. This indicates that there is a difference between
immune clearance of established infection versus immunity to acquisition of a
new infection. Such differentiation requires genotyping to distinguish new from
on-going infections and established from transient infections (Soong, 1995;
Zaki, 2003). Genotyping has already succeeded in identifying different E.
10 histolytica isolates in families residing in hyperendemic areas in South Africa.
In most cases, members of individual family groups were infected with the same
genotype of E. histolytica or E. dispar and the genotype remained constant over
time (Zaki, 2003).
By using seven overlapping fragments of the recombinant LC3 protein,
15 the inventors determined that serum IgA antibodies from asymptomatically
infected subjects, seropositive ALA subjects (with or without current E.
histolytica infection), and uninfected ALA subjects one year after cure
exclusively recognized LC3 epitopes 3 (AA 868-944) and 7 (AA 1114-1134),
Serum anti-LC3 IgG antibodies from recently cured ALA subjects also
20 recognized epitope six (AA 1070-1114), but this reactivity was lost by one year.
There was no difference in epitope recognition between ALA subjects with or
without sustained intestinal infection. This suggests that immunity to new
asymptomatic Entamoeba species infection as observed by Haque et al. (Haque,
2002) and Ravdin et al. (Ravdin, 2003) does not correlate with the ability to
25 clear an established infection. Unlike Haque et al. (Haque, 2002), the present
inventors found no clinical or immunologic subgroup that demonstrates a unique
lectin epitope recognition pattern. Although the inventors cannot rule out the
presence of additional IgA lectin epitopes that were not identified due to the
sensitivity of the assay, clearly, epitopes three and seven were immuno-
30 dominant. In fact, previous studies indicate that the titer of anti-lectin IgA in
stool may be the strongest predictor of effective mucosal immunity in adults
(Ravdin, 2003). Infection by E. dispar does induce an intestinal anti-lectin IgA
response, but it is of low titer and short lived (Ravdin, 2003). Therefore, it is not
surprising that despite multiple shared lectin epitopes (Petri, 1990), E. dispar

35 infection does not induce cross-species protection against E. histolytica (Ravdin,
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73% 1059 (5) 68% 728 (1) 36% 867 (6) 28% 737 (1) 87% Control anti- Sendia
virus 1gA 1% 854 0) 76% n Percent inhibition of adherence defined as
conparison to control test mediumw thout antibodi es present.

Cell supernates fromall anti-LC3 IgA MAb inhibited anebi c adherence
10except MVAB2WYYI862p <0. 01 conpared to control anti- SeRETESWIFRESNgA. Fi ne
mappi ng of LC3 epitopes by use of synthetic peptides. Pool ed hunman
sera and feces w08).-studied for reactivity with twelve overl appi ng peptides
to further define theyl ' : I . anti bodi es. Ten
pepti des were prepar gggﬁégﬁnp%nkgﬂggnuﬂ%%%?ﬂl gga%%ggﬁg@nécg%@pe three and two
peptides were sysitibedids2edpiipaceptcifioprobeste camipnvéraddhapiconsbiteyen. Fecal
anti-LC3 I gA ant] £ . ' Wi 4ol rrent E. .histolytica

i nfection recogn%cgglgj ‘?ﬂ‘eﬁ‘{s“ga@é@%/g?}@%%%???}?s #Eftég{t’e'm u,nE?th e‘i of which were
al so recogni zed BALB/emica higdl atibodicsdiaggy toE€3@pitars thatareinotrgdgrdnddi bodi es

20from asynpt onat j,c_seropositijve. infected sybjects cQani zed. three of the
four peptides ?ﬁbdr%@%gs@&? s !’;iﬁ‘danfg;m eagorpg C%OH“H‘é{ezn%s&‘éfoa%?fd sequences of
t he reactive pepfoitken smginehiAsanaBodiasirécogmized Be piifogestiird by Am&P1EA903) (TOT ACA

TAC ATA ACA é?‘l%odies (epitope 3). Clearly, vaccine studies using lectin-derived proteins in

murine experimental models must be interpreted with caution due to clear

10 differences in MHC-restricted immune recognition of the lectin protein structure.
It would seem unwise to jump directly from murine models to studies in humans
without conducting vaccine studies in a' more immunologically related model,
such as primates.

Murine IgA monoclonal antibodies possessed adherence-inhibitory

15 activity against amebic native surface lectin regardless of which LC3 epitope the
antibody recognized. Interestingly, no adherence-enhancing activity (Petri,
1990) was observed with any of the IgA monoclonal antibodies studied.
Analogous to studies of muriné IgG or IgM anti-lectin monoclonal antibodies
(Petri, 1987), adherence inhibitory activity of these IgA antibodies did not

20 correlate with direct recognition of the carbohydrate binding domain (AA 895-
998) (Dodson, 1997; Mann, 1993; Pillai, 1999), which is contained within
epitope four and extends partially to epitopes three and five. Therefore, the
ability of anti-lectin IgA antibodies to mediate immunity in the gut may relate to
multiple factors important in forming immune complexes and preventing the

25 parasite from binding to colonic mucins or host cells.

The LC3 protein does not include the lectin’s pseudo-repeat region (AA

436-624), to which Lotter et al. (Lotter, 1997) raised adherence-inhibitory
antibodies. However, as the LC3 protein includes the parasite’s carbohydrate
binding domain (Dodson, 1997; Pillai, 1999), is sufficient to induce immunity to

30 ALA in gerbils (Soong, 1995) (as is a smaller 375 amino acid fragment of LC3
(Dodson, 1999)), the inventors chose this cysteine rich recombinant protein for
further study. It is possible that IgA antibodies to the pseudo-repeat region may
also be important in host mucosal immunity. However, in contrast to the
inventors’ study of anti-LC3 IgA antibodies, immunity to the pseudo-repeat

35 region was found to wane more rapidly over time (Dodson, 1999).
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25 AGA GAA TOT AAA ACA TOT (SEQ ID NO 4), CTYEI TTRECKTC (SEQ ID NO. 5));
Peptide # 9, (AA 918-936) (TGI GCA GAA GAG ACT AAG AAT GGA GGA GTE CCA TTC
AAA TGT AAG AAT AAC AAT TGC (SEQ I D NO 6), CAEETKNGGVPFKCKNNNC (SEQ I D

NO 7); Peptide 4 11, (AA 1114-1138) (TGI GAT CAA ACA ACT GGA GAA 5 ACT ATE
TAC ACA AARQHRG/NOB2TGT ACT GTE TCA GAA GAA TTC CCA ACAPATGSAGHAISEQ | D

NO 8), CDQTITCETI YTKKTCTVSEEFPTIT (SEQ ID NG 9)); Peptide # 12, (AA
1128-1150) (TGI ACT GERidEGtlZAA h@rbkeld T@sidEed ABAJATIG BAoOBapatedibn CAA GGA AGA
TGT TTC TAT TGT % r 1 VSEEERTI PI\{%ER(. FYCQCS ( SEQ
IDNO1L1I1)). %&Iﬁsg%dlﬁ%g@}%igﬁtpong ee Oggrﬂ%ﬂ%fldss'e@-‘éer P& feces from
control s di d notsubdtgments fromaagh epftopcives prezitebde through eefftide syntlesist | ve pepti des

were al so recognj by, oSEN andolos I ant i.bodi es, pooled fromthe sane
study subjects ({féﬁegtoﬁ’oltﬁg’gg%\’/\n%gblL?(ﬁ;gtrteég f(%n&t ethﬁgla’ll_%f‘ééj’btf’?%pes recogni zed by
human serum @&nd spetiéeity. Bakh degin BAtant tgli esibodigaccdbeissl fodr of khitkdeaal status are
AA 891-903 and 18- 936, of  epi.t three..and all.. of .epi e.seven (AA
1114-1150). LC3 3‘2‘8“%"6%’&‘2? é”h‘?‘fs%“ﬁéd)gnﬁi&eﬁh‘i%%,cyﬂ%é @é‘gt MBS 5 cont | nues
on to AA 1150. 20BtGHpISSEENpdkpeeificityff@cmarndntivi(3gk antibodieobhhine and E.

di spar results ip an i.ntestjnal. |.gA antib ponse _to the 170-kDa

gal act ose- i nhi bi E%{Bﬁb rblag’gétoflw A@ng;%qu?nﬁigsg@g)é91;§®1ﬂg§5%93é§ \ARavdi n,
2003) . Anti -1 ectimn4kgAsanpégiael sach dsalese G@o8 plepatedininiulgad foras @ldsf eces of
Beypt omat i ci 1y At aEegiopoB! P Sropger i ABOte ERDerREBHCS 1906 Hague.
2002). After curgm@fnoginiity 3@ GkEdsQrsybumitvaceinect i n 1 gA anti bodi es can be
recogni zed in stool for up to 36 nonths vdin, 2003). The_rel ationshi

bet wgen intestinal ant Fu-“?;{'ﬁaébﬁ’ésegé’ﬁp’éfﬁ’to% ﬁae@éol%‘tﬁt‘ﬁ‘ﬁ%@&‘ﬂ‘leo%{wégai nst P
parasi tic i nfectRodinham3parinhd @eegTindigs, the ivBhtbAheve &tk oped oBangl adesh.
30 Imunity was e%%_t ed to rel ate ,E,o I r]di,vi dual s possessing anti-CRD (LC3
AA 895 to 998) A it/ s s eCPse-ipibitable legkip hat aro Big'FPUIveTR BUBANI t h ot her
anti-lectinid gA RBktifReHn®F theRdcan ERRPEIH Uz A Bitibb®, B ghillol bEsyhiegye, 2002) .
However, these. I gA antibodies were denonstrated to he present in children

for a very shor tPePHegs Prayides #ameRiasis pEbypibvacolngipr pregsgtian obamisdic.  Fol | owi ng cure
of ALA in Durbanyiedmariictidyih h&@ansPr ot ective immunity to E. dispar infection
persists for at |east three years, ALA subjects denonstrated sustained
secretion of high titer intestinal anti-lectin IgA antibodies for up to 36
mont hs (Ravdin, 2003). However, despitgutAgppfgsence of high titer
anti-anmebic IgA antibodies in feces, inm the absence of |um nal anebi cidal
agents, a skynificant pevelepmenief afymbaicdnprasaklacindpsedsimehiasied with E.

hi stol ytica. This indicates thagubgﬁg?wcgi@@fg{,égig@@g&sbet ween i mrune
I muni

cl earance of established infection versus ty to acquisition of a new

infection. Such diffdF bistolaed b thertlirdipading pgresitie savbanf deash todéwidgui sh new from
on-goi ng infectiens,aff sﬁtﬁﬁe@ﬂld‘ic%@ﬁ%t FiBHn ggxg%f s e%‘égaéi%ﬁ%ﬂﬁ@()“g, 1995;

Zaki, 2003). Cenotyping has already succe In 1dentifying erent E.
10hi st ol yti ca i sighanéwdien tof therdrhébéssgatactopedinhifitibe lpgpiperavid¢dminynigy leas i n Sout h
Africa. 25 new E. histolytica and E. dispar infections. The recombinant LC3 protein is a
cysteine-rich protein (AA 758 to 1134) of the lectin heavy subunit that includes
the carbohydrate-binding domain, is highly antigenic, and effective as a subunit
vaccine in the gerbil model of amebic liver abscess. Using restriction enzyme
digest generated overlapping LC3 gene products, ELISA of serum and fecal IgA
30 antibodies from human subjects cured of ALA (with or without infection) and
those asymptomatically infected, the inventors found all that the IgA antibodies
exclusively recognized two of seven LC3 epitopes: epitope 3 (AA 868-944), and
epitope 7 (AA 1114-1134) from all subjects. By use of synthetic overlapping
peptides the inventors fine mapped the putatively protective epitopes to four

35 discrete peptides sequences:
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In nost cases, nenbers of individual famly groups were infected with the
sane genotype of E. histolytica or E. dispar and the genotype renai ned
constant over tinme (Zaki, 2003). By using seven overlapping fragnents of the
reconbi nant LC3 protein, 15the inventors determ ned that serum | gA

ant i bodi esMOr289H @8Rt omati cal | y infected subjects, serRpFEI2005031507 A
subjects (with or without current E. histolytica i nf ection), and uninfected
ALA subj ects one yeaP/a§Xl03CUEBACATAGSTAANTA AESIYI 264 GABTEDI t opes 3 (AA

868-944) and 7 ( Es@q U G4 [ .8s fromrecently
cured ALA subj ec@?&é&é&?‘%’% ec Iglj)n%ﬁ!dzs'elg) epl t%géﬁg#286%6 Tg%j-'%lm) , but this
reactivity was | ost A VGDIYEGT GTALIAA GAS AT AAGIANTAGA GOA 6Tt ope

recognition betvge i t-ained i ntestinal

i nfection. This suggesMGfMWf%e%w%dﬁggm% i ¢ Ent anpbeba speci es
i nfection as obdAREKKNGGMREKIEKNNNAI (SEQHad®R7) 2002) and Ravdin et al.
(Ravdin, 2003) does t I est abl i shed
i nfection. Unlike m%%ellg% Lﬁ &(aé%\ﬁ\%awkbﬂ?ﬁ%égéﬁﬁ%ﬁors found no
clinical or i mmAGAAgdIGASARGIACTET AGRGTISIMNGAAdIASTRC MUANECAWECt i n epi t ope
recognition patt canpot I 1e presence of
additional |gA I’Lgc(r::'g SE%%H%@%S' ém'té% RF@{’IV\ ﬁﬁ?é@@ﬂé@gﬁt he

sensitivity of the amSaMZS-dlﬁ)aTG?ACEmmGM@EAa‘ITd CeA/ACAWNCE | MTuno-

30dom nant. _In f r e udj i-ndl t i anti-lectin
I gA in st oof° my‘?‘g}éCF%eA‘ﬁ'i%ﬁ@ﬁ%ﬁiﬁﬁ%@%&ﬁ*%&%@h. munity in
adul ts (Ravdi n, N0:06) CTVEEEERTIOPNQUREFYOQSPWEQ@DENOL INYluce an i nt esti nal
anti-lectin IgA response, but it is of lowtiter and short |ived (Ravdin,
2003). Therefore, it is not surprising that despite nultiple shared lectin

epi topes (Petri, 1998ynthdtic pé;btﬁlbﬁ;frocﬁﬁéd’tﬁﬁﬁﬁlic()ﬁbsdﬁ&ﬁ eﬁn@ipes' WeldeRd6hRSS- Speci es

protection agains : vd|n he present inventors
utilized nuri neqﬁ'ﬁi‘fﬁ"l?@gﬁ’iyﬁﬂghﬁgg@% %qpt‘%eﬁth‘HB Fgé‘?) a&ﬂ‘?‘?fﬁ‘@‘g Bpecific
probes to cqreltabsnk mtfdndsm (aameg)gmcaeselvahaaphﬁtaws a@h chdldry hatbtokinhuman | gA
epi tope specificft interest, 1 pmunizatiqon of 5BALB/¢ m ce raised

anti bodi es mai nl{gY g'/@ as edjuyyh theerompinant LGP @rateip serwed 35 A Posiiiyesgntrlmans

(epitopes 1, 4, ”ﬂﬁ(i’nv%nt\d&stfbhn@%aftth@%trlnd@ﬁlmmbﬁbéﬂ @mheﬁbbépne@@ac@ihefourteen
murine | gA antibodi es recogni zed an epi tope shared by human | gA anti bodi es

(epitope 3). O dafuegd ar\?‘e{t?é‘ilqﬁ’ear%‘t% & ydilgegn (%‘Ef‘i’drflaﬂé? POl prtstigalns i n

nurine experi nengﬁhnmqﬁﬁﬁgdmtaod%byaaﬁsmf%%ccmetppot&%wI on due to clear
10di fferences in MAC-restricted inmune recognition of the lectin protein

structure. ?t woul d Hewsfreshihesrecombinagihs 3arotein tvpoging inslsed seiumeantipdel s t o

studies in hU”HrLiBV!nHQQMecﬁ:PI&%& Igﬁﬂanﬁ@&‘}'r&ﬁoxﬁwgﬁt%ﬁ ﬂo@el?mt“é‘ﬁ&e
i mmunol ogically rel ated nodel’, suc finmates. Miurine | gA nonocl onal

ant i bodi es possdBssinalkantidecanigh mﬁh@%wsawe o 2ddition, the L4gaiapadne- anebi ¢ nati ve

surface lectin reﬁagl@erd%%&slgﬂfanmb%hnﬁo%s 8iinbOBSghREafUritady: recogni zed
Interestingly, no adherence-enhancing activity (Petri, 1990) was observed

wi th any of the Putptivelp protecvediC3anitonssen dsgnasiby dgdantibadisFld§oustht o st udi es of
murine 19G or | gM.aRtdruh&&d febes TRIRRLRRAe #VEAD8ERRped an intranasal

synthetic peptide amebiasis subunit vaccine that elicited a mucosal IgA antibody

D.I.

response in baboons that mimics that of humans cured of invasive amebiasis.
Briefly, nine seronegative and PCR-negative baboons were selected and
divided into three groups. The animals were challenged with peptides and
30 adjuvant (cholera toxin, CT) intranasally. They were immunized on Day 1, 7,
14, and 21 for a total of four intranasal immunizations.
Group 1: 3 baboons CT (20 pg in 100 pl) + saline (100 pl) in each
nostril (200 ul total) as a negative control,
Group 2: 3 baboons CT (20 pg in 100 pul) + 400 pg peptide mixture in
35 100 pl saline in each nostri} (200 pl total); and
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(Petri, 1987), adherence inhibitory activity of these IgA antibodies did not
20correlate with direct recognition of the carbohydrate binding domain (AA
895- 998) (Dodson, 1997; Mann, 1993; Pillai, 1999), which is contained
within epitope four and extends partially to epitopes three and five.

Ther ef or e, W‘E@“@(?ﬂ”‘izt y of anti-lectin IgA antibodi es toPEBUSHPBAIFMTUNILY in
the gut nmay relate to nmultiple factors inportant in form ng i mmune conpl exes
and preventing the 25pawm%i 1 babboms@TaROdg ind 00 1) e300 pigd.Gh(200pg) iarlOhost cel | s.

h a3 [
436- 624 o whi Eppisnt grnapellod Wi £ BaB SFPE - "haner ence- 1 nhi bi tory

anti bodi es. However, as the |I.C3 protein includes the parasite's

car bohydr at e bi ndi ng Dods . 9 fficient to

i nduce” i munity to B&ifg\% i GePBy! leégurﬁ&S 159%%3”(% ﬁé’"&m&?ﬁsﬁ | er 375 amino
acid fragnment of rebdi®ifddoHEDmaccih® &8 the syhthetic peptidetvaccinedhdred dehinslgGy st ei ne rich
reconbi nant prot 0SSi nti bodies to
t he pseudo- repea?nuB%Jdl ()t%];hr%ecogll%%mg‘g%lp%%?? enpwccﬁ%f]?fﬁ%c(gggﬂi F'mmuni ty.
However, in contrmttaﬁtw bdlethic Pacembiadn T.CS botkyn @il tieedlyhth&tdpepdd vasdiebodi es,

|rmun|tytothe o-repeat 35r.eqjion was found e re.rapidly over
e (Dodson. | 198y serik R prupheha pspizer Be SolaEAG il o
productive tooI ﬁzﬂblywa&a@h@roltwgwmfch Bhedsént P B Slirfacs SO PdrSsiteiHigur@ |1 it ed
nunber of ami no acids. Overl appi ng sub-fragnents from each epitope was

engi neered tthroutyh peptide synthesis (Atherton, 1978; Fields, 1989) to

better define the th(ﬁmyﬂhgéyrﬁﬂhEWdé@?ﬁﬁdsﬁﬂd@b&d}éeruﬁ%ﬂaﬁ%d&[@skc&ﬁe and 19G
ant i bodi es recogni zed four of thléte en syntheti c g}e ptides when_ studied in

either a |inear OF RYRIVEL geptachyek W&P@Mﬁ determriped by BLIA with grifisde

specificity of hpupBages@nnizol083, byfose i1a0dbEsndbhaines. frnorctMkikan, Sout h
Africa is defined as AA 891-903, AA 918 to 936, and 1114 to 1150.

Pepti des such asL¢hwaseinginduesd 136 ansikedies to fselhiFigimg Phanddhemativeleaiis, 101989) or
attached toa POofryduyesé)ut haqm@m&nﬁamely%&}wé ecl bﬁlfob&rdeﬁﬁ@lad}c

i mrunogenicity for use as a subunit vacc n summary, based on

previ ous epi deni BRRPIISCVIEY hyeag de4 pifodies @G@Tﬁ 7). Faaths recze@alﬁnt&ﬁ‘é the current

findings, the i n@/@t@m{a&lmﬂ&c@ﬁ ieARHariPl 0B Sn@odl R&pdase; RbRd WAy L | ca
gal actose-inhibitable lectin that are protective in ﬁumans 151 dentification

of the lectin eptserpedswiththe gymthetie peptids/vaedrigigure SonAsshosiprin Rigiied, pept i des
provi des an anebhaxlosyGUAKACY WAEEhIG! L AL LLARRLS [ Ntest i nal

i nfection in humans. oprient Synthetic Intranasal
Lecti n- based® Arremtmsargl-lsnmdgmanmméttesmmedFlgglteGaiycmﬁlseabw@int@e results E,

histolytica is t 88 dsiddhhRAtlaindRiRs] Lhi HaUIRes gl o | dwi de. Recent

field studies indicate ''ow ng cure I nvasi aS| s, intestinal
| gA anti bodi es tmcqnhiemahb@ p,rogaimttl@s(éigumm? idt Bldidenot eléctitiseruprledi de i mmunity

brotein is a cyoripkbsi et d Ot Mol By ydifcrERRERAM" 0,
subuni t that i ncélisdess véuk secambotvpeptide EAxintibedygesdansaifigure $0)hiAghd y ant i geni c,

and ef fective astiDl. JARELNED Lot HRIAL . (Bl AL AMRNIG i ver

abscess. Usi‘hg restrrc ener at C3 gene
products, ELI SA IgA aptibadmrespohst;shaieconthadd £t prdseid ivesinkerimweddmmm subj ect s

cured of ALA (wi éntﬁ-,ﬁB I‘ﬁ‘Atag%diés ﬁﬁg&é b)?ﬂ)t ngtnﬂ“ecal or mucosal anti-LC3 IgA

antibody response (Figure 11). Importantly, the synthetic peptide vaccine
induced intestinal IgA antibodies that recognized the amebic native

30 Gal/Gal/NAC lectin molecule present on the surface of the parasite; again, no
mucosal IgA antibody response was observed with the LC3 recombinant protein
vaccine (Figure 12). As expected, only the synthetic peptide vaccine induced
mucosal IgA antibodies to the four putatively protective LC3 peptide epitopes;
no response was observed with the LC3 protein vaccine (Figure 13).
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t hose asynptomatically infected, the inventors found all that the IgA

anti bodi es excl usively recogni zed two of seven LC3 epitopes: epitope 3 (AA
868-944), and epitope 7 (AA 1114-1134) fromall subjects. By use of

synt heti c overl appi ng peptides the inventors fine mapped the putatively

pr ot ect i ve%%wg@mo four 35di screte peptides sequenc@T/US2005/021503A
891-903: TGI ACA TAC GAA ATA ACA ACA AGA GAA TGT AAA ACA TOT (SEQ ID NO 4),
CTYEI TTRECKTC (SEQ I D NQO 5) AA SIIMMRARY. TOT GCA GAA GAG ACT AAG AAT

GGA GGA OIT CCA TTC . U I ’
CAEETKNGGVPFKCKNNNC 6%%“%&?@@;(%%%@%&&%8&3E)‘(’ng‘@d&?‘%m ACAACT
ACA (SEQ 1D NO B CPETTOET YOI SEEEPT T (G20 1D NOLGY b 1126 1150: 1T
ACT OTT TCA GAA C%I@ @@%5%5%%&&%5%“&&0&?5*1«6 5TOT TTC TAT
TOT CAA TOT SCA 4nBieicl ibeddorl amﬁ)lc;c_tiﬁ:_]'gﬁsﬁﬁlimjlréﬁmm?gﬁ@@& (fSEfdiD NO 11)
Synthetic peptides &Pod%%ad L P itgaﬁékfﬁ}oglesgﬁ n t@ﬁ?@jﬁ"@ﬁ? random y

linked to a pol y‘i’ one adm ni st ered
to 15baboons i ntAﬁi@aﬁaabgnyze(fdxﬁ(dhspneg)Loe eﬁlt@ies Saiondhy LChegitopabsingd t h chol era

hol otoxin (20 ji as adj uva nt LC3 . protein served as
positive control? %} %uefl?'n 8‘?1?’8’?@%%%%& ﬁ&?ep{l eV ACHEE g‘ﬁ‘é@rﬁg ‘1“8%%5?‘1/?/ bas ed

synt hetic pepti dﬁlﬂvmmmxmmdhtﬁmdnﬁababompﬁdud&tanaﬁtbstmhl(ﬁ'ﬁn -paptitieant i -l ectin
(purified natlve ein t and serum 1 gG antib dle by day 28
of the vaccihe I&éo'fmd)a?ﬁﬁ?‘i’%eig#?%‘g? rfﬁ‘?%“?elg ﬁ'gﬂ‘ftq_‘@f? #5PEi n” vacci ne
i nduced serum anahe pephﬁBva%alde ana nothle%dombingxﬁwad/adogﬁ tideb Sehym En&BpOﬂSGS, but
did not elicit an L antk1 ﬁo ectin I A ant.i bodéﬁﬁgesponse

addi tion, the | categinalgdant qdﬁsfoet amtﬁtuvg} PIIFEHYSSBIRESi bodi es di d not
recogni ze any of the four putatively protective LC3 epitopes as defined by
| gA anti body ELI SA with 25human serum and feces, |In sunmar the i nventors

devel oped an i nt r anaZsl Publisatings: patentsARfl paent apRUGRLQRS &e GBTPATHCIPEER ne t hat

elicited a RCOSH) refefbiiceWhikOH Yhe fEB RS Pedifital AR MfvehitdthalbdthCcs that of
humans cured of invasive anebiasis. Bri efl% ni ne ser ong‘gatl ve and

PCR- negat i ve babeibeduisrielatien tacertan pipfgrred sribadiments hsreoh 2 mamofriadls The

ani mal s were cha;hdv@ﬂ&ﬁqet%&mfop&%és&e&lmiadat;%Qaﬂva%%p&&M 86 skixd n, CT)
intranasal ly. They were imuni zed 14, and 21 for a total of

four intranasal niheRs thethegpeention is S“SCQBFI%‘EIB) aglditignah gmbedimentsrandspt ni g in 100

it!) + saline (%ﬁalulohhbrae@ﬁ’sc&sdafas& kerdin 2PEL Rtied Qnditidra®l$ wihfi@Yat i ve control ;
G oup 2: 3 baboons CTg pig in 100 up + 400 pig peptide mxture in 35100

pi| saline Bh eadsnarting from thebagio piipcinlestof thy invepfipn. Group 3: 3 baboons CT
(20 fig in 100 pi) + 200 pg LC3 (200 jig) in 100 pl saline in each nostril
(200 pl total) as a positive control.
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The results are provided in Figures 5-13. Briefly, both the intranasal 5
reconbi nant LC3 vaccine and the synthetic peptide vaccine induced serum|gG
anti bodies to the reconmbinant LC3 protein as determ ned by ELISA (Figure 5).
| mportantly, both the reconbinant LC3 protein and the synthetic peptide
vacci ne i nYQ28e/098%62m | gG ant i bodi es that recogni zed naf¢VeS2YREAT NAC
lectin fromK histol{ibca trophozoites, which is present on the surface of
the parasite (FigureDpg®petal,1997. Bargsite/dies. 4y A2HEAS ¢ pepti de vacci nes induced
serum |1 gG anti bodi es gdQsdnReail 9460, PYLRDLYEL N7 9h&L &Gt | ve LC3 epitopes, as
det erm ned by ELI SA m@t% py????id'pégt§d§§ ZAA 891-903, 918-936, 1114-1138,
and 1128-1150). The Feldsrebilndf%9. eI Reptidd Freteimithac8d1989G-Aht i bodies to itsel f
(Figure 5) and the ngfiVe b i . a7daut not to the four
putatively prptectivgﬁh%ﬁﬁggﬁ?ogééégg ﬁﬁgéﬁgg)%ggping_mjth hunman | gA
anti bodi es (Fi gure 7Haq@mtyl.t H92rBlakeidtindBe(4LB3-5520t ei n vacci ne i nduced a
serum anti-LC3 | gA ant| Vit 0 ; S,qbsefyved with the synthetic
pepti de vaccine (FigS%EQ@€V%ﬁ§ﬁEH§§§jyﬂ%@?g%@%4§?§?%% recombi nant LC3
vacci ne but not the $ptitrieesli,d9Pepelirte IsadGir98:11diliced 20serum anti -l ectin
| gA anti body respons Lgyr ) S| st en i the results of LC3
reconbi nant vacci ne ?ﬁ%ﬁééﬂ”g%gumeﬁg ugﬁf?%gaﬁégﬁfFigure 7), reconbi nant LC3
protein vacci ne (Fi gMans eBalah?h19 PradiNeltl Aosd i USAB8S24848252gA ant i bodi es t hat
recogni ze the four p i, de epi L he sypgthetic peptide vaccine elicited
a weak seruﬁ%anti-pep(%%%gﬁﬁ"gﬁ?ﬁﬁgﬁgnﬁggﬁghse (Figure 10). As is
25evi dent, only the Nedtuketalg1989pl ideunnddd9:du84i3dtiliced a fecal (intestinal)
anti-LC3 I gA anti body_r.espo . the reconbinant LC3 protein vaccine induced
serum anti-LC3 I gA a%??ﬁ%%?gggq ?3ﬁ?éﬁ§?¥?g%?'not a fecal or nucosal
ant ![ - IaCS | gA anti bgd?eng@pl?dsm. (Irﬁfcgmn%nmsgl_somm .t?Rt ![ y, the synghﬁ]i C o
pepti de vacci ne induced. i : t S at recogni ze e amebic
native 3oca|/ca|/nwmﬁ?%%??hqgg*Q?ﬁVgﬂﬁFggéﬁpﬂg 1(?Zthe surface of the parasite;
agai n, no nycosa! | gRilanétiahpdY7 e pd bpehenaBarakis 87ned10d.t h the LC3
reconbi nant protein vacci ne (Figure,12). ) ed, only the synthetic
pepti de vaccine i ndu&&“cl?rﬁt@é'sgsgl‘éﬁhﬁﬁ%"l‘szé%@é?’?gh he four putatively
protective LC3 p?pti¢@v@@bﬁﬂpﬁmuunm¢wesmpn&&7ma$zwbse{ved mﬁfh the LC3
protein vaccine (Figure 13). VMVARY _ sal anti-lectin IgA
anti bodi es provi ded E@Y@EF%Weiﬁﬁﬂ%%%1§mﬁﬂﬁpn§¥wggg i stol yaca and E di spar.
i m(‘jecti ons. The freqgesnyet of, 1Egs_t1i15ﬁaj1|y,tgjlqa;6wds g d: spar infection in
endem c areas is greater an previously reported, eliciting Sammestic
i ntestinal &hti-lectiﬁ&ﬂagyéﬁF2%3692%39%6hsesh Regardl ess of clinical
Rpe_notype, serum ?ndThlgztBBBJF)@J’Nbctgngcaa!ﬂ'&ziLMQR53$4(§O’-WIB5Ubj eCESégi n Durban, S.
rica recogni ze four_ discrete epi t.opes, . ed t epi tope am no
aci d sequence, an exBEWP%%%?%H9§§ﬁﬁﬁ@%ﬂéaﬁggfEgz{gaﬁgﬁﬂggﬁelivered_ _
|ntranasa!ly W th chqhggaalpxpg_gﬁwamhmyﬁnggmpgpapoons i nduced an |npest|nal
anti-peptide, 10anti-LC3, and anti-lectin |gA anglbody response. It is
i nportant to note thé%kﬁﬁP%ZP%%“HE%?#H%lg%&%WH§§ and not the reconbi nant LC3
vacci ne, induces serumand intestinal 1gA antibodies to the four putatively
protective epitopes. Al publications, patents and patent applications are
i ncorporated herein 15by reference. Wile in the foregoing specification
this invention has been described in relation to certain preferred
enbodi ments thereof, and nany details have been set forth for purposes of
illustration, it will be apparent to those skilled in the art that the
invention is susceptible to additional enbodinents and that certain of the

details described herein may be varied considerably w thout 20departing from
the basic principles of the invention.
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wherein the vaccme induces mucosal anti-fectin [gA antibody production in a primate

against Entamoeba histolytica or E. dispar.

2. The vaccine of claim 1, wherein the L.C3 subunit peptide has the sequence represented by

amino acids numbered 868-944.

3. The vaccine of claim 1, wherein the LC3 subunit peptide has the sequence represented by
L.C3 amino acids numbered 891-503.

4. The vaccine of claim 1, wherein the L.C3 subunit peptide has the sequence represented by

L.C3 amino acids numbered 918-936.

3. The vaccine of claim 1, wherein the LC3 subunit peptide has the sequence represented by
LLC3 amino acids numbered 1114-1134.

6. The vaccine of claim 1, wherein the [.C3 subunit peptide has the sequence represented by
LC3 amino acids numbered 1114-1138.

7. The vaccine of claim 1, wherein the LC3 subunit peptide has the sequence represented by

[.C3 amino acids numbered 1128-1150.

8. The vaccine of claim 1, wherein the LC3 subunit peptide is in combination with a

vehicle.



20Sox, 1986. Ann Intern Med. 104: 60. Tam 1988. Proc Nad Acad Sci USA, 85:
5400-5413. Tannich etal., 1991. Proc Nati Acad Sc! USA, 88:. 1849-1853.
Pillai etal., 1999. Infect Imun. 67:3836-3841. Zaki etal., 2003. J Infect
Dis. 187: 1860-1869 What is clained is: 1. A vaccine conprising an

Ent anbeba histolytic(' LC3 subunit peptide, wherein the LC3 subunit peptide
has the sequence represented by am no acids nunbered 868-944
(LTSYKENLPQSLEFM CEADKEAYCTYETTTRECKTCSLTETKEKVEEI DLCAEETK

NGGVPFKCKNNNCI | DPNFDC), ami no aci ds nunbered 891-903 (CTYEI TTRECKTC (SEQ I D
NG 5))9. aniThe vagindsf alumfoe,rvatére&i&e 986 smﬁiﬁltlﬁﬂ}ﬂbﬁﬁﬂﬁl@s@@ﬂ‘d}ﬂ\lﬁ kSt 1 D NO 7)),
am no acid unbered 111: éﬁé YT KTCTVSEEF) am no_aci ds nunbered
1114- 1138 EPPE 9GO g ikl U PNAgincedes A LG4 ds nunber ed
1128- 1150 @%V&%E}hﬁytﬂéYmY%&@mnb@cnh‘@sﬂd@:?tréfm%s‘?du@ ghhg vacci ne

i nduces nmucosal anti-lectin IgA antibody production in a primate against

ganoeba hi $tsisup PP E @F AEA Tl (s éﬁAT@A%éC@aAdeﬁﬁé\/’o?GEI/’aﬁqﬁﬂAW%r ein the LC3

subunit pe h gslﬂ[ﬁrg_ ered
868- 944. B%Ei'(gg)\%%é?)ngoéﬁ aieﬁ8 Oqg{/vﬁ%r el ﬁﬁ%ﬁy}@%ﬂ un?‘t% pepti de has the
sequence r XIeGEAIEGA B TLG3A AT AR ATHH A AMuABE A 8AT TOW3(SEQ IDING:6y)acci ne of

[ 3" an o 0 BRHLEI0E SR 96T BONTRA SAEeIT DA ARG “Cher et n 1 he

LC3 subuni WAFZer@Ammas\Athe;qmp@ﬂremAe@mmbycmammca&ms nunber ed
1114-1134. 6. The vaccine of cl erein the EC3 subunit peptide has

t he sequené%EQ &P&%ﬂi%cﬁmﬁy‘e’f‘d‘ﬁl1%%‘%65‘%| 1ds0 ifbakd i ga GAA  The
vacci ne of 1gicabd\ AcAEE gtrAé@@AAT%Me@mGAn@q{ﬁdﬁmﬁefrf@m%qence

represented by |I,C3 am no acids nunbered 1128-1150. 8. The vaccine of claim
1, wher ei n TAe(SEQIDsNBUANt peptide is in conbination vv| th a vehicle. 9. The
vacci ne of claiml, wherein the LC3 subunit peptide is expressed from an

i sol at ed DNA sequence encodi ng the LC3 subunit peptide, wherein the DNA
encoden). an The3azinawithinpepitietdn thh DINCanpdds ae $.C6 amtung popisdeandt oomprised resi dues
fromresidue 891 to re5|$ue 903 %’GT AC@ TAC | TA ACA ACA AGA GAA TGT AAA
ACATGT ( SEGPTUBURKS 214§ aciq pegidnesdrqnyizaides s 11 residus 8re 936 (TOT GCA GAA GAG ACT
AAG AAT GGA GGA GIT CCA TTC AAA TGTAAG AAT AAC AAT TGC (SEQ ID NG 6)), from
residue 1114 to residue 1138 (TGT GAT CAA ACA ACT GGA GAA ACT ATT TAC ACA
AAG AAN. ACATT @recme Pt dainTaviean tha RNPrencoges apEA3 ATe nA@EAPISEEE compiEes) ), or

Ach, coamaT CUEPE RS T Ry i e D FTEl (SE0 1o NG 10)). 10, The

vaccine of claim9, wherein the DNA encodes an LC3 subunit peptide that

conprl nt i uous o aci.d . residues fro es d resi.due 903.
hethacceadiiee b 8 oifus we YA e B nco st P oo dlshiFihept: de
that CONPI i BRSgu O Unhigd 8IS radituebrrae tedidiesilduesi 38r om resi due 918 to residue
936. 12. The vaccine of claim9, wherein the DNA encodes an LC3 subunit
pepti de that conprises contiguous am no acid residues fromresidue 1114 to
1138. 13. g Wahkidrtelafh oChifidh e DMCERLIestah e CONGL BNGREGE BR cblpGds Subuni t
peptide that conprises contiguous anm no acid residues fromresi due 1128 to
resi due 1150ntighgus aphigo geid edsifleesofforg Fegidag D28 imesidii 1 iSHe LC3 subunit peptide is
a variant of wild-type LC3 subunit peptide in that the variant LC: 3 subunit
peptide has a substitution at one or nore am no acid residues and wherein
t he vaid.antTHeG3ccsnelndmlaim ﬁe\phdrdetH@ézC3esublln§aa3@Dti®09/@ vonnt ofuwlstyasd-69 aci d
sequenceldetlt i m. No e ne. R | tive LC3.
15. The vact P‘H]ét I%PU% LT r%t%ﬁvarv\%‘ f;tgsﬁ) ﬁltls E?E' %ﬁ Ral ‘C’tugéc%)lrtllmozl ag&geon%]eor?%atl ve
substituti Qﬂnm(ﬂ.ﬁ.‘.ld fEhlGuesamd‘WhEremfthe:‘l/dmﬁijEB snhidtpepudd Haeut lemrpd%oses an

i mrunol ogi cal Luv ant
conugu s amino acid sequence identity to the amino acid sequence of a corresponding
native LC3.
15.  The vaccine of claim 14, wherein the substitution is a conservative substitution.

16.  The vaccine of claim 1, which further comprises an immunological adjuvant.
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17. The vaccine of claim1, wherein at |east one LC3 subunit peptide is
conjugated or linked to a carrier nolecule, wherein the carrier nolecule is
a pol ypeptide or a pol ysaccharide. 18. The vaccine of claim 17, wherein two
or nore different LC3 subunit peptides are conjugated or linked to the sanme
carrier nolecule. 19. The vaccine of claim1l1, wherein the primate i s human.
20. The LC3 subunit peptide vaccine of claiml for use in, wherein the LC3
subunit peptide vacci ne induces inucosal anti-lectin IgA antibody production
in a primte, and wherein the LC3 subunit peptide is in conbination with a

vehicl g7, 21Them&1m<elanﬁ1o\fvh&élﬁthmd%pmmrs%m&ﬁtlyeaeg%rr}@gake% Afmdy i stered
by subcutaneous or intramuscul ar injection. he vaccine of claim20

wher ei n théO@&@@FM@Ok@ﬂ@dﬁPWUgbéﬁ%ﬂﬂbvﬂ%wéhs&n@H@mh@mor%npbﬂmhémv@00|ne of
claim 20 wherein the vaccine is adm nistered intranasally. 24. The vaccine
according to claim 23 wherein the primate is human. 25, The used of the
vacci nés.of Teanenirk dfnlairhé7, wereudimotounr enood differemdiCasmbadit pepridéstaee t her apeuti ¢

22?éﬁ{zg{?g£ égg%*&d %W g&mgcmggsggggﬂa hi stol ytica or K di spar

19. The vaccine of claim 1, wherein the primate is human.
20.  The LC3 subunit peptide vaccine of claim 1 for use in, wherein the LC3 subunit peptide
vaccine induces mucosal anti-lectin [gA antibody production in a primate, and wherein

the LC3 subunit peptide is in combination with a vehicle.

21, The vaccine of claim 20, wherein the vaccine is administered by subcutaneous or

intramuscular injection.
22.  The vaccine of claim 20 wherein the vaccine is administered by oral ingestion.
23.  The vaccine of claim 20 wherein the vaccine is administered intranasally.
24.  The vaccine according to claim 23 wherein the primate is human.
25.  The used of the vaccine of claim 1 in the manufacture of a medicament for the

therapeutic and/or prophylactic treatment of Entamoeba histolytica or E. dispar

colonization or infection.
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