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ABSTRACT

Six monoclonal antibodies produced against Aspergillus

fumigatus were studied for their cross-reactivity against other
fungal antigens from related and unrelated organisms. Five of
the monoclonal antibodies reacted with glycoprotein antigens
as evidenced by their binding to concanavalin A, although one
did not react with concanavelin A. The reactivities of the
monoclonal antibodies with various antigens were studied by
bu,:in-avidín linked immunosorbent assa)) and Western blots.
The results indicate that two monoclonal antibodies (.4sp DI
and .4sp C9) react witlz antigens from aspergilli as well as
other fungi including Penicillium notatum and Candida atbi-
cans, whereas three of six antibodies (Asp HI1. Asp ILB\,
and Asp C2Bl) rea.ct rvith A. fumigatus antígen onlv. Hence,
these monoclonal antibodies can be used to obtain group
speciJic and species specrfic antigens for various immttnodi-
agnostic assays. (Allergy proc l4: 189-193, 1993)

trspergillus species have been implicated as the caus-
fL ative agents of a number of different clinical con-
ditions in humans. These diseases include invasive as-
pergillosis (IA), aspergilloma, alleryic asthma. allergic
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bronchopulmonary asperyillosis (ABPA), and hy'per-
sensitivity pneumonitis.'* A. fumigatus has been rec-
ognized as the predominant causative agent in these
diseases.r' 2' s The diagnosis of Aspergillus-induced dis-
eases is based on clinicai and laboratory findings. par-
ticuiarly immunological frndings.t' 2' 5-e Several ma1or
clinically relevant and immunologically significant an-
tigens from A. fumigatus. having clinical reievance have
been identified and characterized. However. there is
still a lack of dependable antigens for use in the sero-
diagnosis of aspergiilorlr.+' to-t 3

The availabiiity of monoclonal antibodies (mAbs) to
ciinically relevant antigens has greatly facilitated the
purification and characterization of antigens. and the
development of immunoassays with increased sensitir,-
ity, specificity. and reproducibility. Several mAbs to .\.
fumigatus have been produced and characterized in the
recent years.r4-r8 The relevancy and specificit-'- of these
mAbs have not been investigated in detail. Low leveis
of antibodies against commonly occurring fungi have
been frequently detected in normal individuals when
sensitive methods were employed.2' 'e However. in pa-
tients with aspergillosis usually higher levels of antibod-
ies have been demonstrated. Although the mAbs are
usually specific. they may also be directed against iden-
tical epitopes present in the antigens of different fungi.
Hence. it is essential to have detailed knowledge on the
shared epitope reactivity of different fungal antigens to
the mAbs. Such studies will aid in identifying highlr'
specihc monoclonal antibodies that can be reliablv used
in immunodiagnosis. In the present report we descnbe
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I i the productjon and panial charactenzation of mAbsproduced agains.t e. fumigat* rnt ig.ns and the reactjr-itr of rhese mAbs *irh ;;;,s;; of orher fungi as we'as of ditlerent Aspergillu, il;;;r. The result, indi.ot.thar some of the mAbs demonsìrate unique reactivitv*,ith A. fumigatus gl1,copr"r"", whereas others .rorr_reacr u'ith glycoproreins rio* orl.r fungi as well.

J\IATERIALS AND METHODS

(I) Preparation of Antigens
;rulture filtrate (CF) antieens fiom A. fumigatus IAF-\.- l0l: ATCC_42202). A- riger (Ag 5 [). A. flavus1'+g 515). 

1-^n::!.ri (Ae i r 6),i. .rui,*ui'1nr65_r3)..{ .  glaucus t,B i l7g), e."teneu, 
lAg 5t0). penici l l iumnorarum (Ae 538). and Trichod.erir; ;í;;. (ATCC_1363 r ) *'ere prepared according ,o ìrr.^riethod de_scribed previouslv.,' ft,. organism *u; ;.;;n in srn_thetic broth (AoAC, pii.o. "D;"r, 

;;ìftil t% gtu_cose for j weeks in stationary cultures at 30"C.,r Thebroth was separated from tré ruc.li;;.' jàt1,r.o 
.^-tensi'etr against deionized ;;r;';:lilll_îi:antigen - 

o,o, _.,,uruated r"; ;;:t;fiÍ,jt::lt,ffl;,Ii:against specifi c antibodier uring ;;rh;àr;.i..iu.o .u._Iier'12 These methods in.iuo. protein and carbohr_drate contents. enzyme unJ p.o,.in profile. and ..u._tivitl' against positive u.,d-n.gutive ìera L_" ugu, g.l
,t!31.."i'fl::. ..o".0' ;*;;;;;.."tiopi,o,.,i,
(BALrsr;,;11tdi'"1 jr[-:?à'jirìH;::',:T,tr,T:srudv w'as an extract oblained commercially (jl{ijesLaboratories Inc.. erHru".'ii).

fiffi:jJction 
and characterizarion of mAbs to A.

T.l.: 
r:rhod empiol,ed for the production of mAbsI was the same as that described previouslv.,_.. róSprenocy"res from g to r o *..tr-ord mice immùnizedwith CF anrigens ol,1 ,r_,r"*s wgre fused wirh mousem1'eloma ceils (p3-NS- I /A;i_t ), r-{ ro. :r Hvbrids se_i ected using h '',po'ra nthi ne. oiri n_op,.nn. and ih r,,,ioi n.medium w'ere screened b' BALIS; -.rhdunà'rign,r-lcant antibodr,._secreting cells w,ere. cloned b.r, iimrtingdilurion' Hr bndomur riti i otruln.o after repeared cion-tng and testinsJoi 

1n1bo91. f.oou.,lon *ir. 
-i"i..t.o

inro pristane-primed gelÍ]zi mice for ascitic fluidproducrion. The ascitic n*orì.r. e'aruated ror anti_{ '  fumigaius antibodi.r ; ; ' ; ; i tso method. The ani_
il:1,:llt"#[:lp,on.d b; ;. institutionur qnr*oi

Five of the m.Abs against A. ftained fiom oir'erent fusions ;.;:?,t:H ilJi;ffi|]ent stud1" The immunogroburin isorypes of these mAbswere derermined bl, eeltSe ;;r; class_. subclass-. andiight chain-specific ;;;;; ìi;;;, chemicar co.. st.
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B'{LIS'^\' The BALISA method used w,as the same asdescnbed previousl],.u * D\;;ui..r, tmmuton 
^il 'gli:. 

qplares {Dlnatech L.uoraró.,.r. Inc.. Alex;;j;". \ I\\'ere coared with 
!lferlnt antigens at I 1tg/mL conci ;-tration in carbonate bufler fpH-q.Ol. The antigen_coaredplates ri'ere incubated for ì-rtàu^ at i7.c and then ar4"C o'ernight. The wells *.. 

"urfred r.r,ith phosphate_buffered saline (pBS) .oniuining 0.0_i% Tu,ssn_?g(PBST)' {fter brocking ri.. í..^rites with bo'ine serumalbumin (BSA. 
v *irl i" p;i(PBS-BSA): 

r00mL ofdifferent ascitic fluids Oiirr.O l" .BS_BSA \^,ere add, Jto the *'e's and the prates 
";; 

incubated for 3 hor jar room temperature. This was foroweo u-r:trr". Jooi,i.nof -eoal anti-mourl igc,. igA- or IgM: biotint,latedrabbir anti-goat tgc. itróruítàìn peroxidase. and thesubsrrate ro the -wells of ine Ofur., All these reagenrswere ìncubated for r hour u, iijc. and the we,s werewashed three rimes with pBST in between the additionof reagenrs. The 
,coio, a.r=fop.d with the subsirate(onhophenvlene diamine i l ló15% H:o: in cirrarbuffer) u'as read in an 

";r;;'irrso prate reader ..190nm. The opticot o.nriinl-ióòt^"ulres obtained wiri,
.11ft*n^, antigens and me-b, *.r. compared. .{ll dilu_trons of the reaqents \4,ere seiected empericallt. aftercheckerboard titritionr uiing;;r;;ì". and negatiie .on-

The BALIS'A titer was carcurared from a compurer-ized pro-eram that p,or, u-.r.* from the oD of fourserum diiutions and derires a titer of.serum e.\presseas logrc, titer.:: A cut-off ,,ufua of 0.1 was useO t,calculate the titer.

^ 
t'qrte-rrr b-lot an-ajvsis The antigen e.\rracts (cF,t fiom{. rumlgatus. .A. t lar.us. and .{.  n.e r e c t ro pt o À, i I * 9 _ì t sb ; _ r'liil;1ilil,:? .,:.:î.:?

-sel w'ith a ".-i to l0% fl"ea. iaOient.r;. :: Ap'roxi_marer' r mg of protein 
"'as 

toaa"ìd onro a r60 x ró0 xI mm gei and electropho..i.Oì 30mA/gel for l_1.5hours at r0"c' {Jìer rr..rdil.lri.. rhe separated prc-teins u,ere rransîèrreg ," O"fi.ri"r, difluoride (p\.DFmembranes ('lmmobilon_p. Viii ipo.. Co.p.. Bedford.lvlA) b)' using a semidn .r..i.oi.anster svstem linte_grated Separarion S_\,srems. n.i"f. Ì\,lA). i..oràing ,oman u factu rer's i n structi o ns. rn e i.ansfer effi ciencr. \r.asdetermined bv staining ri"pr',if 'g.r, w.irh coomassiebnlliant biuc Rrsti ror ó.oi.i^ u.r"* and afrer brotringand companng them wirh col,oiOot gofO-rtained p\.,DF

* ..t cut 0l
te.rÍ .[or (,
r-
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membranes containing the brotted proteins. The freeprotein-binding sites on the rnembrane were thenblocked with Tris_buffered saline (TBS).on,uining :ZBSA for I hour.:: After.drying, the membranes werecur into small stnps and stored at _20.C until used.Tr ' lctiv'it-v* of the andgens were stable at least for 2m-. :rhs of storage at this temperature.
The procedure fotowed rvàs the same as descnbedeartier with minor modificarions.'r ;;;;; ài'rr.,p,were incubated overnight at 4"C witir t: ióO oiìution,of mouse mAbs made in TBS-BSA (BsA.'t"ùiril l urawere washed with 

JBST (TBS containin g, 0.05%Tween-2O)' This was forrowed bv i"ù;il; *itr,i,:oo
dirution of goat anri-mouse tgó or IgM for l hour atror-r.t remperatu.. 

Tq washing ln insr. rire stnpswe ' rhen incubated with biotiriytateo rauuiiunti-goat
IgG ar a dilution of r:r000 ror 30 minutes and washedas before' The brots were then incubated with rr1000dirution of streptavidin peroxidase f,or 30 minutes andagain washed. The antigen_antibody complexes werevisualized with 

i chromog.nic substrate (60 mg +-chtoro-l-naphthot. 20 mL 'o.tt unot, lóó';i;ni.,uno
0'015% Hzoz).:: The lectin-binding characteristics ofth': rntigen bands were o.t.r-ined by the reactivitvwirii biotinylated concanavalin A (con A).

RESULTS

rsorype-specific BALISA showed that three of the|. monoclonal antibodies belong to the IgM class.whereas three were of the rgci-.iurs, and a' had the r-light chains' The resurts ol th. BALISA are given inTable l ' The monoclonal antibody Asp C9 reacted withall r : l0 runear antigen, t.-r-r-.-J,*ulthough the titer washigiiest with Àomotolous .;;o;; Similarty, g/t0 an-tigens reacred with Asp D I ;;;,b;dy whereas. 3 mAbs(Asp sl0. Asp rLB8. 
""d 

À;; ò2Bl) failed ro show

anv reactivitv with 
_heterorogous antigens. Monocronarantibody.{sp crE6 reactedwith both A. fìscheri andA. fumigatus antigens.

Wesrern blots of mAbs reacted with A. fumigatusantigen showed r-3 prominenr bands (pig. t j]pou. orthe mAbs (Asp Dl .  , {sp C9.  Asp Hl0.  and Asp ClE6)reacted with an antigenic component of approximaterr,.29 kDa. One mAb iesp ILBgj reacted with a 2; k;;band of A. fumigatus àno nsp c2B l reacred with 3antigenic components in the morecular weight range of25-29 kDa. All the ,ono.lonuì antibodies except AspILBS reacted wìth antigens hauing con A binding activ-ity indicating their glyioprot.in nuru.e (Fig. l. g). Re_activity of monoctonài antibodies Asp Dr ind'esp c9with A' fumigatus antigen showed identicar bands.whereas their reactivitl, wìith othe, fr"ú-;;ì;J.n, ,u.r.different (Table l: Fig. t ).
Strong reactivitv to a. flavus was seen with only AspH.l0 showing rwo bands (Fig,2. .). although it reactedwith oniy a singie band oie]fumilatus i#;; ii,*. ,.c)' None of the other monocronai antibodies reactedwith A. flavus antigen. Two of ihe maUs (Asp Dl andAsp C9) reacted with a number of con A bindingcomponents of A. niger on the western blots and AspHlO failed to show any reactivity (data not shown).Monoclonal antibodies Asp ifgd. Asp ClE6, and Aspc2B I were not reactive wiih an-v or the components ofA. niger antigen.

DISCUSSION
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Figure L Reacri,itt' of monocronar antibodies ttith .i. fumi-gatus anrigen on ll.'estern blots. Lanes a_[. the blots reactedu'ith monoclonal aruihodies .Jsp Dt, .4sp Cg, .lsp HI0, ,4spILB9, . sp ClE6, and .Jsp C2Bl, respectivelt,. Lane g. blorreacrcd with con,l ancl Lane h; antigen tans.ferred n Immo_hilon and stained v,itlt colloirtat goti.

t ivity andlor nonreacrivit l. Such crude prepararions ofantigens from the cltosor or curture nttrate rr.qu.ntt'
conrain over 30 components that can be o.n'onr,rui.o
i n an tigen-anti bodl' crossed el ectroph oresis urin_nluuui,anti-A., fumieatus sera and ABPA ., d;rliiilrnusera.4' rr. :3-2s 
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Low levels of antibodies to commonll occul-r _ro
fungal antigens have been reponed in o *oJ*tl oînormal indi ' iduars. 'u Howe'er. the re'els of antiboci ies
to specific anrigens *,iil be much higher in parients thanin normar indi'iduars and hence can be uied to delen-iate patients from normar individuars. The o..u..n..
of such low re'ers of antibodies in the sera or normal
indi'iduals ma1' be due to the presence of cross-reàctinp
antigens among.difÌèrent fungi.13. :s. 2o 16. O|.,.il;?such cross-reactjvit) may adrèrsel1. affect the interp :-tation of the resurts of immunorogic methods empt,
ing the monocronar antibodies. Mónocronar o"riil i i i.,
are directed against specific antigenic determinants andthey react consistentrl, with tu.h .o.ponen;.;ecause
of the shared antigenic componenîs among difrerent
fung results of immunoassa)s emproying m"onocronar
anribodies need carefur evaruation and iire.prìtation.
To the contran'. monocronar antibodies tlat shorvcross-reactivitv with severar fungt wilr be herpfur rinitial r.r..ning. whereas those produced again,i
unique epitopes ma'aid in detectini tire ,p..ifi. un,,-gens- The two monocronar antibodiei asp bg ;no nspDl represent the former. whereas the remaining fourmonoclonals represent the latter group (Table l).

Gl1'coproteins are the major untig.ni of e- fr#gatrr.
Thel' havs [gsn shown to e.xhibit ionsistent .eactir.it,
in the detecrion of specific circurating antibod;;;'i;
asperyillosis. aÌthough protein antigens were found ib_e more specific in some forms óf tn. disease.,.
Howe'er. the presence of antibodies to glr-coprot.in
antigens in some normar indi'iduatr ma. iL o ii-i,o-
t ion in the use of such monocronal antibodies in rm-munodiagnostic tests. L1'mpho*te proiiferatir.e studieslrom our laboratory. harle shou n thar ABP.A patients asrvell as normal subjects^exhibit proliferatiu. rirponr.,o
givcoprotein antigens.rs The reiurts of the o,.ri.in uinanallsis in this studf indicate that the majorirr.  of thcross-reactive anrigens round among the diirerent funsare con A binding. .Although nor specifìc. these pr.Oo,o-
inanr anrigens mar be inrlorr ecr in the p.ìrr"si".ii, oithe disease and hence ma'be significant in tÀ. oir.ur.process.
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