A COMPARISON OF ANTIGENIC PROTEINS IN DIFFERENT ANAPLASMA TSOLATES

o Jéanni-'Fchrsgn

A Thesis submitted to the Faculty of Science, ‘ :
University of .the_z_ .Wit@ater_stand, Johannesburg,
in fulfilment of the requirements for a '

Masters dég_ree.

Onderstupoort, _ 1994



ABSTRACT

e Anaplnsrnoals s 11::1\ Lmusmnu.d. Imernoparasztm dascuse of bovmes, caused by A marginale and

A cemm!g, whmh ooslirs xvorldw;de :md results in’ Iusses of sagmncant economic :mportance '

Bovines zhat survne mtccuon are 1mmune to rcmtecuon w:th a homOIOgous isolate. and pnrunlly

' .protecu.d against hetemluguu:. 1~.ulatas "‘muth Alncan tsolates of d. mmgmafe and A cenrrale are

: cnmpau.d

S

©The d. mém;m:ﬂu Underberg, i\-u'lulé' and- A. centrale vary when ubmﬁufcd by i}nm'unoprecipitatibn, '

) but i‘l“l\t‘. some prmcul-i i -.ummon.‘ Rnbbﬂ. unusera mude agamsl oA, ma?'gmala Undcrberg mmal _

. _hodtes and agnmst separalud 1. nmnema!e Underbcrg protcms -show chsuncnmmunogemc dxt‘ferences '

- _'r"
,‘

© the t'it'lldlt.\ .md iLis 1hcrn.!nrt. mportant o Lake into au.cuunt these mcmrs when devi -lapmg lmproved_" ;

N

- ameng 1he Imlulea on mununnbmts. lhl.. zmmem produs.ed qhow thnt the laolntes contam protems

"}.mnﬂ. varving nmh.cu]ar W L:;_.h!.\ but w lm.h share lhu \am;. Lplmpiz'i

i

;'\nusa.m colteeted 1mm itmm.nla. ltll&.t.ll..ki with .. uap!asmu ‘shﬂ\\ ed that the Underherg and Bnrhlv West

A mw:enm!v lsni.:lcx crossreiet mum \\1111 eaeh other on. unmunobluls Umn with 1. cemmlu. The_ '

lUJ 37 and -HIH).I ]‘lmtt.nh ure Gormmom belw: u.n lhe lhrcl. laulalu Several protuns diffar between

vicemes.
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. 1_1 Amp&sﬁmsi;_,_ﬂi‘s{fq@ a:ml nl.si:siﬁcliﬁﬁﬁ'_ o ..I.j' -_:"; o rl‘l — ) ,' -

.Aﬂaplésxﬁbéis ;\g P haemdp#rasiﬁc disééée of cattle cdmfnaﬁly known. 'aii gallélakhesé'iﬁ.souiih Afrikm '

: The mfectwns grgamsm was ongmallj; chscow:red hy Sir Amold Theiler who, i in- the enrly yeass of

- -1h15 century, pm*.yed that the margmal pmnts that he obsefved i m the erythrocytes of bovmes Were the- : .
. causthe agents: ﬁ:f galisickness, Hc called t‘ne organism Anaplasma margfnale (Theller‘ 1910) and

durmg his nttemp{s to isolate pure samples of the mfect:ous agent he mnlated another orgamsm that

J

' 'caused milder mremmns The purasntes were mcare aentrally placéd in the e:ythrocytes tlmn thosa of_ L

Ao mw‘gmale and hg, called thls orgamstn Anaplasma cemmle (T he:ler, 191 1)

_ Al mmgmaie 15 lhe represcntatwe specles nt‘ 1he genus Anaplasma, l‘amily Annplasmntnceae. order _. _ o
: Rmkettsmles ‘(Ristic, 1981) Recemly the sequande uf‘ he lﬁS nbosonml R.NA gene has bcen h
detatmmed nnd haa conﬁlmed the £ laledness ofA. margi’nale tu the kaettsfa and Ehr!:r:h:a genera. '
- (Weisburg et al, 1991} ' ' '

12. .Hnst range aml spmn_dq. S

.J\ll orgamsms of th%: genus A naplasma are obhgate mtmcellular pamsnes, they infecta rmge of wild |
. and c!crnestm Bovidae i in troplcal and. subtmp:cnl regmrls an.d result in losses of signifi c:mj. ecennmw_ '
e importance {Pglme__r & McG_mrw 1984). .In_ gddmon o ;ausmg__mfect_tqns in domgsu_c___glnak the
- organism also infects water buffalo’;bisom African antelb.pes American deer snd camels, .‘:E‘ommnn”
: Inboratory ammnls (rahblts gumea pigs, rats, mme) ars not nusoeptlhle toAnapla.rma 'LRIEZIO, 1981).
- In South Atr:ca anaplasrnoms is enznouc in. most of thc Transvaal and Natai and in the North-aastcm
.Omnge Free State and. South-eastErn Cnpe Pravmce (Potgleter. 1979)

At



L3 Transmission of the disease . 0 1

e

oA

o .\tent\ tmk species lm\'e hctm nnpllcntsd in the tmnsm1ssmn of 4nap!asma world\ﬂde {Sl.wh et al

i989} B:wp?:lus demfamm s B, mmmphm Rhipmephahw s, R, evertsi evem:’ and H valomima

margmamm :\tﬁpe: hnva been shuwn o Lranstmt anaplasmosls in Southem Africa, In addmon-

ER mm‘qmais culomew hn“e bcen demonstrated in mldgu!. materlal fram R simus {Potgieter at ai

1983 Al thesn: tm!\ 111L:.1es are. wldelv dlslrlbuted famhmmg the s\tenswe d:ssemmatton of -

naplasmosu. in msuthem Mnca ;,ngmter. 1979 Potgteter & Van Rensburg, 198’7) In the USA

Dermncumor ticks qm, tlu. mmn vediors and 4 napiaxma s been demunstmted mn mldgat malenal -

:me:m ot al.. 198"] and i the ::.lll\ ary glonds w here itis thuught %3] rt.phcate belore transnnssmn to

t]u. bm:m. hml 13iiller el u! ]‘)8‘)] -I. mm;mrmiu oy en\um.ra in D am!uf:som (Lugau 8t ai., 193’?) :

. <1nd truns-nmdml lr.uumummn aueurs l‘sln.h sf f:l.h 1989‘

Mu:hamcul 1ran-ﬂm~mun md& aiw ruull from the direct t"unqter of blnowi bv hmng ﬂtes or bv blaod‘ _

_ ..unt.nmu.md nmnum.nh l]x’.:suu_ tusl: I’ntgmer et ol 198D, T rans- placenznl trunsmtssmn is

lhul.'.ght t'he puassibie but \'c;‘_\' h-:]__h ._p:irasil'acmi;t i nesded. su{;.h ns may __bt. tound in the course of

ant aette Inleeton doring gesterion (Zagg & Kultler, 984,

In xli-: bavine host, '-hmpfmma 111\'-.1de~a"1h|.‘ ervthrocytes by in\'aginatinn s a a'inglc erility, probably

ﬂwn' mulupl\ - banary iw.wu which’ rt.:iult_s__ w1 an inclusion :-hu_d'\'_.' 0.6-0.9um in diameter, -

insorpeRng U 0 cighl a:nu‘ll bodies. The mitial body 5 strrounded by double rhcmbmhe__

whe rusts ihe subumh ol Llh: un.ln\.mn hud\ are vonwinedin o »mg.ll.. mt.mhrdm. :‘umpsun erak. 1967,

B I)urun__ an 111!:: ol 1111. lileinne. ol i.u'L.c mclummt hmiws 15 .shor and it :.wm-e that th:.\ eause the

destrietion ol ey throcytes- contining them (Lotze & Yiengsl, 1942). The organism>extls the

ervthroeyte aither by Use reverse. ol invagination or alter ¢rythrocyte Iyvsis (Simpson ez al.. 1967,

Iamphmrm l'lsls i wmpls;‘\ Lite ey }‘ in thc lu.k veetnt tn acu.:mﬁlwh its: tmnst:.r from a blcod meul .

- the nudgu: -..pnh-.ll.si u.“\ 1lr|m.lhull 190). Five stages in ucL uudgul epuhc,lml sells have been
zdumnuj lmm -.n'm!l .'.‘Llfhl. t.h.\.ll'm‘l dense eolonjes o, lars_ur 410, 5 ;un) mlculuted t‘urms {Kocan_

¢ al.. 1_‘)8" The erplml-.:h_\ ul the uﬂmut.a in the Lit.k wlls c‘mn;__t. us moulhng progresses anyl the

infectivity nlso dilers beleen the siages, some stiges ure apparently noigiafeetive (Kosan ef al.
C19YoL R : U R _

" \ll‘ls..lc : ';uphnmu u:l] wnmd llu. uuual hady, \\lul.h s . 2-0.5um in dinmeter. The initial bodies .-



Phasg cémmst and t‘luorescenne mlcroscopv havf. shown that the Oregon molate nontalnsan appengjraga '
‘which is lackmg. in other USA isolates. Adsorptron stud:ﬂs with polyclorml aﬂnsera to the Oragon
isolate indicates that the appendage’ bears unugens not present on the: initial bodv itself {Palmer,. 1989)

lt 1~; pmpnseﬂ b\ Kacan (1986} thut the 1so!ate5 wuh appandagas belong to another spemes._ L

A napfaxma caudamm
- 1.5, The disease

.Intecuon \mh lnaplamm s’ tullawed by pn:‘patem permd ot 2{.1 to. 40 duys durmg whish. no__.
3 8y rnptoms are evident, The [Lngth of this penod is dirccll\ related 1o the amount of parasite matenal
with which the ammni was mtu.tcd (Rlslh. 1981} I‘In. suhsequent patent penod I8 chnructensed by '
: _Lf\'lhl‘ﬂ@\ e m\ .wsun ;md hmmuh i uuuemw dunnp ﬂm phnse ery thracytes arl. rammed Frorn the B
ufculntmn h\ phd}:uu tom Fey u!‘._\\chnLSb. couaupuuun. 1cterus. loss bt appel.:te. Jowered m1lk._ '
productmn and. qven aburuon ur dcalh can, prev u!l ‘during the .mur.e phase ot the mtect:on (Palmsr &
Mcumre. I‘JEM Pulme: et.al., 198" BRI e o

: ;:\nin.m.l\- w h i.c.h '{ur\'f\-g- 1]1i:.11ﬁ'umﬂf\" int'uuﬁon- beeame e:ifriéré o 4 a S-ul'Jclinica'l int‘estiuﬁ Iand they aré' .
- tlu.n unmum. o u..mh.utmn nith the. hnmuluguu.x p.zmmu Ih.lc,m}oguus chullmgea. ho\\ever. may -
vesitlt in further nuu.lmn 1I\hhunc efal., 1984y, l’ttrmtuluum and -mm.mm are gencrally mild in
v voung ual\ ey bul the Teusan fur l]uh 15 not know :1. pmmplnus of tln. arnnlune ;cx’ponse tnd the'
'. pruuu.c al [Li.l] .utubodms h.:\r.. bwen xug@mh.d us pl‘l“lbh. t.‘\planatmns (Rlsuc 19811

\«Inrrw t'f u! tl‘)?l: lound | lhui the dc.gm:. ul aniemia is. pot pmportmnnl o the severlly af the

pa rusu.u.mlu sinee umulu.h.d eryibroeytes ure upparcnll) bl.nhlti‘st.d to pl\agecvto"m by m'lcrophages :

There 15 sume 1111..1_1.::11011 Uyt upmmus.umld be rcapqnmhiu for this phenomenon. _t)psomns are

facwors hat bind ‘ta cells and incrﬁ:mc .li'll:il' ‘iI.IL';L‘.!:p.!‘i-hi[‘l;{\' to 11.lwgol}.\'mﬁii‘i [‘Herhert ¢t al., 1985]

'Hp-.muns eluted e (he ey ey s ol lm\ mes 1nlected with A aaplasma were found o atach m- '

umsinlestod hu\ e ey llmm s w huw:h ll'l[h W #s 1wl ub-scr\ :.d m clumus trom umnrec!ed bovines.

J rythroy (e membr .uu. prulcm» miy hc allered during l.he umrst.. aluf :mp!amm mtucuon. The extent -
to which bovi e ers thrm.\ 1 mu.mhmm wrbuh\ drites.are '|lll.rui dunng mtectlon wiis determined by
cumpanug feetin bmd_mg_m A naplasma-infecied erythroey tes and L_mmh_:ct_gd erylhmn};tgs {_Go[‘f etod, |
1986). increased h’inding "wﬁs l'uﬁﬁd awith infectad. cf\‘ﬂirncv s slxggesting that the e'r\'throcvf;ésare .-
—alered: o hu\c more l'nndmb sites ox pmu.l Nordelo and Ysernaf a]dem.ev {[982] ln‘und that .
additionai, pmlum were giy £UsY lated and 1wu new prulum appenred in the membrune frection of :-_ |
- infegted oy thrm.\ tes The. wm new, pmlulns wuld bl. p.truslte prulcms that are rresented on the

surface of lhe e lhru-..\ te. mcmhmm.



L6: Treatment of snaplasmosis .~ . . . S

Tetracvctmes are lhe anl\' drugs W hmh are et‘t‘ectwe ugalnst nnh,blasmosls. 'I‘hese compounds retatrd.'
: and inhibit the oy ele of devewpment of the paras:te and complete ehmmatmn of -!naplasma is '
- possible. it the dru,:e are administered early in m[‘ecnon, In l.atent infections the pamsne can be
. ehm:nated by muluple treatments with the drugs (R.tstse 198 1) Some .-lnap!asma isolates show deug

_ 'talerarme and this makes it dlf{" cult to cute carrier ammuls of nnaplasmos:s eomp%étely, espemally in

the field {Kuttler. 1983). The enlv wav 10 cnneluswelv prove: carrner status 13 to subxnoculate blood..--'

into a suet.epuhle animal, but tln:s i3 fine co.‘psurmng and expensive and thus adds to the problems
"ot ulnmnaung —Irmpmmm The dm'eiopmenﬂ\ot DNA probes and FCR teuhmques could aid in the
dlug.nos:e of enmct'ﬂ lrueblocid ef al.. 1J91 Vlsﬁer er ai., 19912 Er‘ks al a! 1‘)89 Goff et al., 1988)

%
E]

1.7, lmmune wesponse (o A noplasig

~1,7-1. Hunporal imimune ésponse

The 'nr'lmlcr ui -urmu Trom an .mmm] {inmune Lo, !rmpiamm fo 4 su'sca.pllialc boum., dm.:. not wnfer

_'pmtu.uun .lgamal m!ucuuu (Rhllc.- _‘JS}]. Livy Lhrm.\ les are mmm'i.d md:scrumnal.elv durmg

'unaplusnmﬂs regurd[uw of w hctlu.r tlu.\" 'lrc"p'mmu-ied Ivi 1~s lhnught that the fixed amd frce-semm_ '

cn lhrm,\ te .unulmuml }_..E.hlllllllh w ]m.h .L]"IJ&.#.]].‘ in -lm:p!mm a-mlccted htwmt.s LQUld be. Lhe Lt'tccturs

ul 1[1:: um.cmm \ lm.h wee urs durm:, .mnpinsmosm

Aller 2o, (O8] compand lhn: SeTHM prntein response wcmr'n athumin levels, o, § dnd ¥ globulin
fovels and 1 W Iut\: Dferesd u.'ll saunt) nl catle infected with u \1rula.m A mm-gmale 1miale and an
auuu'..:led A mmwmrle s, Ilu, ]mm.m responses in {hu L.altle mh.eled with the vm:]ent stram

rase Lo lw’h:.r fovedas 1]1.m ihme m the cn:tle mlwted with thi .ulcnuau.d sirain. .

Murﬁh_\ .: e L1960 shuwed I ullfdlﬂ:tlt:gﬁtpi1it: unplysis and the d(unﬁlcmeﬁt l'i_:;.nlit.)n_((_‘l'-') test that
30 davs siter peak ]mrus:iuemu; the LV reactive 'immuuuglubulim g -l.‘.umpri_scd 23% IgG and '?5_% -
IgM. p(.ﬂk p.rr.lsn.lunu lih. dmulhulmn was ‘J?.% 1gM and 8% lgG. M is the first. anlil:odis'-_--_'
pmdm.u.d u!lt.!‘ i} 1:11|nmm1_.:.n ¢ stmulus and p]m s tole in llu. nétivation nk the curnpiemenl :m.tem'
tIIcrharl of u!.. 1983 Cvelie I'\.‘i.\.ll!'t,nl-t.s ol erythroeyie m\ aston ecur 1 A naplasma carriers which _
are similar fo pfuq:ﬂudul mfecuons [Murpll\‘ et al.. 1966}, The hlgh lu\ el of IgM could be due to the
_perh:stcnw af fuw lc\ of mrmum.mm w hn.h reaml{s in r.'.onunua] nnn&cmc stlmulus siinilar 10 the mmai.'

stimudus l’V[urph\ ur al.. 1966,



A . . S a
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e Comer et ai {i98 1 supprassed LLe humoral Immune response of A napfasma carriers bv tmatmg wuh' §

. cvelophnsphﬂnu(le. The bovi ine de\'elﬁped clinical anaplnsmusm and decteased levels of

Sy and leucou\’tes and ;lltlt:rent lmrhunoﬂaon.scent mmbodv {IF A} titres \\ere detected com axid'to the -

protecu\'c role these resul!s may indicate that tlle humoral response helps to mamtam 8 State: of )

L eq_nnbnnm in the .{nnp!asma—host relatmnslup The low level of parasites m the carrier rasults in

'cantlnual anttgenlc mmulus w hicn protects the antmai from chmcai 5nap1asmoms

no

Recently. Tebele éf'al | 1 i9931 13 inimunizéd bu\-'incs-'n-'ith the membrane t?adtion-of the A. marginale

Norton Zimbalbwe. ~<trnm und mLmd pmm.lmn against tlw lmmolognus slram.‘ 'Ihere was a slgmf' cant

..,nrn.ialmn bitscen .mubmh tilge und Ic\'c[ul protection ag__‘unst anaemi, Th:.se tmdmgbcnuld either’

: ll'ltlll..llti.. that the l‘lunmml nmnum. rcapume dt)l.a ha\'e a pmmcm e role ngamst chnmai anaplasmoms

or lh.zt the ul‘lllhmht!'i lmd\(a nculmhzmg t.ltect h\ blocl».mg mtectmn. !!i )

Lo . - . T S :
-;.; L . . : .

,,; Calves are mnn. reststant to un.nplm;nmw thrm .uiull hm ines and llm uur!d hc attrlbuled to the funt

o ;f that is_u is lr.tm!cl ted. (o catlies vig the x.ulu-.trum (Murph\ w al., 19663, Anunrg and Kuuler (19841 B .

' mh,ulmu 5 -.iuu. Hul prosy nle ium__ ].HtmL prul.c-:.lmn

L 7 2, Ceell medli: ulud fmmunc respunse:

L.

5

B o L

 Irimunity o e lulr parasiges 1 wsually due to the eellular immuae response (Carson ¢f al., 1976)
- and s hmplmnm mmluml\ 15 wmp.mlud \\uh the contmuous- hm-la.\'ei prcaence af die pnmsue. B

Lf.tr-.un ¢r ul, 11976) prupnw tiat the .mhhudles duteun.r.l by :il..l'&)iublcr.ll [C‘:l‘i pla\' o.role in causmg :

attemig rber than 1n pmlulmn ’\lutn.lh nhm‘ lm_. Qs e arly cell medisted response prmr t the

- palenl pu.ruu.l of (lu. dm..m: [hl.\ e l_n..rter \.h.m-..c al’ survival 1hau nmmala with ]mlc or o u'ldcnne :

u[ 3 u.li mcdmu.d ruspunsc lwlum lln. puh.m pcnud (Ristie. 198]}

{able j-1 ;.umparu ..hpu.l- uf the nmmzm rt.apurm. of. tuap!asnm wuh thul W Thwlmannd C‘awdm '

shich aie atsw Blood 11.1:4511\.5 hat cogse dm.um. m hmmes lh;,re seem 1o be close slmllurmes'

_“hlt.]l aTe pmhnhl\ the uull of the 11mtulnu :11-.-..11‘:111“11 heing the same {f‘mcn 19812 Mortison - '

etk !*JH? tmddcum .-r ul l‘JH(a limecy er u{ l‘J"-B. hlt.\\arl 192{7 Du Plums el a! 1991}

G

oy sarriers dot treated with oy cluphusphmmde According to Comer et al. {1931) protectne Jmmur }y

0. unapiusmusls is t[mught 1,:: be prnnnnl\ m:ll-mt.dmted if hurnoral immunity does not have 8

\.Idll'l'l llm lht. ]’lcwullu. u[ I.-ulu\ll.l] .mulmd.gu .u..-uml i.-m_u{mmu un]\ dl.l'm, ([te mamh.a.ultwn ut



Table. 1L Compamon of 'tspects of the bovme host Immune response to Anap!mma with that tn
: Thederfa .md c awdma

icharsgtediie | A swaginale | T pana | © uminandiion
' Passne :mmumtv ‘transterable by nnubnd\ No. - {Ne - |{Ne
| .Immumt\ confesred by amtibody ugmnst Mo [Ne o [No '

_ pamsue proteana? v

Immunm agamst humologous pﬂmmle ] Yes - Yes .| Yes
‘praduced by infection and treaiment? o o

Parssite seen wansiently during - © ] Yes CL¥es - Yes .

. immunization? o q o _ '

Any immunity wilhout mleeton? Yestkilled [No o {Ne o . | =,
' T vieeines) ' :
'Pam-.mz.ed u:lls seén lr.1n~.u.11l1\ \\hert o Yes 1 Yes | Yes

: unmune timmula n. »lmlfcm.ed ¢

An\ [mnn Y . ih.h.iulm..uu‘\ pummu. | Verighls | Vers ] Very variable
' g ‘b vanable S co
Tmmusnty tranrsiersed mtl: svigenete | Kotdone | Yes Te Yes, pmbnblv-
-'uumuuc I \.L“'\ S O S PV I

'immuull\ lramalcm.u With sy nﬂumu.. 7+ | Mol done ‘Notdone | Ne.

tmmum. Th u.]l*i

- 'Spu.uu. h. eell kllhm. nl l.lr_alsilae;d_- wils | Not done - Yc::s'\ "} Nat t'iu_né '
i vepet .- T o ' S
N‘lmuuhnmi .muhud\ ‘mam\l Ml (e hlm.k- Not done - “Yes ] Not done
Killing? : oo S S
Specilicity of immunty vavies. glu.u&t.illlt. w | Yes . JYes | Yes

it ms_ ]'Mhl\ill:

S]wm_nclty of ununy varges gecording to | Notdone - | Yes | Yes
MUC phenoispe of hastt ' ' : '

It uppears that the wnt el éi‘!icéli,r ceils i ainé ll].lﬁh.ﬁ.l.cel'l.!ll'nh' Te 'ceti.a-ewpfessiné Lyt
rud llml lhc s[l‘l]tlllnllt.\ \mh the 10 prarv mmmml\ -»uu.mun dit not arise because. ol nn\' almllarll\‘
© between th.. p.uu»uu bt lm.auu ol tlh: »umlaru\ ln.l\\wn the. mmune utentor men.hamsma
' Lun‘lpumhl» nullular mlmuml\ sludlcn bty ot been pt.rlorml_d on ; lrmp!amm bm the Yact that
| Prtsve nnwmLy 1s it i!.lihlul’l‘ui by’ anul‘mdw:. und that mlt.v..lmn 1§ m.ca.sqnn for Llfectue. long

tusting 1111111111111\ unpllw an- lmlmrmm rafe’ Iur ] \.e.lhilm' pmiccll\l.. mnulmm*sm




- The mlz of the cellular immuae response in cattle v'tccmated wnh vanousA nap!asma vaccmes was. _

: .__-determmed by !’.‘amon -utd Buemng (]9?9) using the i-ucucyle rmgmtmn 1nh1b1tmn test (LM[T)
| Ammals moculm.d w uh mlher v:rulent or attemmted stmms show ed & greater increase m LMIT than - :
dld animals which were: gn en the inactivated vnccme even- thoug.h there was a degree of proteotmn.__ S
” in the litier ummnls The hfgher level of ceil mediated 1mrnune mesponse in the. Hitst two cases

'- persnsted but the !m\ er level responge resulung from the mnc.uvated vaccme, did not persxst (Buening,
.1973} The persmtenct: of the uellular 1mmun1ty could be due to the cam‘a: status of the ammals :

_'\\hich 1s s:mllar 10 lmdmgs wnh ¢ owd;m vacclnated nmmnl& AR o
- 1.8, Anaplismu ovis

_ .hmpfaxnm m'it nu.ur-i m shu.p but huum.s m‘e nut auau.*pnhlt. Lo lhta p:trasltc &oh:..ep are shg‘\tlv

-.usm.pubie 0 i .r.lwnrmah' and wuld tht.n,lore s carners of anﬂplasmos;s (thf ef al., 1964]:' _
. I{em:nll\ Bum and Van Nickerk { [99(1] raund that 4. ovis cpuses o rmld febrile dtsease n Boer goats E .
and that infielion with 4. orry cun. resull in 1hor£mns ﬂ .he. goats are: aubjected to phvswal slress

The dhcaw uauull\ p.mu tmlmu-.:.d : 111;. {u.ld Hiowe ever. and 4s avis is not. ut nn\' great iaconomlc '

i _i!ll]‘ull‘l..ll‘n.L :
LD Avaplasmosis in the wilid

Ihc inleetion ul’ Im\ ines w ul: tuup!mnm m)l-ucd lmm w 1id .1mnml~; usuﬂlh' resulls ia mild reactions.
' ihm calttld pmu a threat m sasile that tr m close contgel w ith w 1ld 'uumnh (a'i is oflen lhe case m :
um..n N somwR um.nu nm\ bevame v 1ruh.m tK.mh.r & /. augg. 19881 liis ;:cnern]h acm.pted lbat -
- ‘:mdniws are l]!l;’ u.uurat u.m.r\ olrs of . Inup!ﬂsmrt H ’Sn‘nh .'\lrlca. mluutwna ha\'mg been fnund m _

lﬂuhuk dutker .md him.l\ \\ﬂd\.hu.-sl !i’utﬂn.u.r. 19790 ._
L0, -Cl_.)l'l.ﬁ!ll" .u I fle disene

' Lurrem .mapi.hmmu n.umml 111&.;1»&1:1'-\ ms.lude cunlml ul urlhmpnd Lranslm-s-imn, the use of nntlblom '
pruph\ laxis um! the \\h.\.ll‘lallt'li‘l ul ‘\I.l\..l.!]‘Jlll'llll‘ t.ntlle al’.zlrm.r !‘)S‘J) Contral nf arthropod
transmission umu. ACErICigs 18 hhuur intensive., 'C\p&.l“l‘»l\n and' »n.aleﬁ a luuhlv susceptible. canle
pnpu!ulmu.-_l’u[mps e must nnlmrtam pmhh..m however, 15 the appcnrance of acancldea-resmtanl
“ticks tNorval. 1931; \nuhmm ;n‘n"lin lacuc controf lau\us Lnllle mlnt,rnb]e If the pmgram is

: dhrupaed i Lo i c\;wmnc and st i uwd nnh in the USA nnd even lht:re onlv ona lumled scnle_

. tl’nlnn.r. 98‘3)



“t

Jr ' . . : :
Vacr..mauon is the most efl‘imem and economlcal way [0 pmtect cattle agamst nnaplas’mos:s‘ The

_'-presence of post-mientmn immunity provldes a strong ‘basis fﬂr \’accma development Theiler
- rechgrused the potemml of -1 ‘centrale. a less. virulent torm of A. ma:ginate* for vncumatlon against .
' anaplasmos;s {Theller. 19 11}, He showed that whlleA centrla does not resuli in nomplele immunity
it gn'es suﬂmtunt prmeutmn ng:umt d. maremale' to premnt seﬁrere chsease svmptoms. _The strain of
.-1 cennw!e 1seliled bv lht.ller i st;ll hemg used todav as i lwe bloocl vaccmc agamst anaplnsmoms
in Swulh Alnca and certatn othcr counmes {Palmer, 1989 Potgleter. 1979, W:lmn et m'., 1980) This - :

' .'xaccme. however. -suflcrs Trom \armus d!sad\,aniagee, It has & hml’wd shelf life (7 days}, 1ts

©infeetivity ts \'annble und the 1. c-emmle '.n:cme does not nl\wvs induce adequar.e lmmumtv agnmst -

K mmgma!a Dcxplt;. all tlns the only mﬁm ’ements mnde to the vacume dunng the last 80 years
' lmu, been in the nfr‘a of prudun.lmn quahlv control tPnlgleter, 19?9}.

'Lurruu unmumqkmpm lm.tu. mt.llmd*i 111clude mtecuon withi hve biand ‘uccine (4napfasma
P 'pnmsmz;d Lf\lhfﬁ\.\ 103} ur uhull_ I-.ﬂh.d mmal bodies (Normun 1973 Potgleler, 9:9} S
."Z-._.dlf'itm.'ni woeuls are lm.d in -.htlgrent partx of 1he \mr!d 'u'ld each has. its ad\‘nntages und

' dmd\ rmmgc

.' 'l'bc Ao centrale lnu I\inud \.u.‘.m;. u;.n.l:,es mild miu.twns dnd ammals normall\' “recover
»,pnr-tanmuxix but it uul iy ‘mmlmt us \u:a. unglmlli\ assunn.d It is. recumuwndr.& that anlmalb
_.m. \':u.t.m.ucd undm the- ERNS ul (1 numlha as; -;c\'uu rt.:u..lmm. due 1o v au..m;a tion. un.cur in ulder ammars

. ll’t‘llLlLlLl’ 979, I’ul;,iue: & Vi l{cm.huri.. §981], The effectof 111&. 1. cwmuh' vaceine on FTIL'ilall _

NS uam u,.tl\ us Wit ﬁllld‘.l\.l.l by !’umnu et al. Il‘.lﬁal by -..umpmaon-c nl the packed celt wlume :

aPCV .1h|.‘r]l-.|l..‘l]lhl and u{nm..:l- staptoms. Ay uumpnrc.d to the culves the adult cows slwwed a

':_.lug.hv.r lmz.n-:tluum.a @ vt t‘(.\’ olten n:,t.dcd ohemulhemp\ und were* aiore suecepuble o

suim.qlk.m 4. mumm‘.rh.' L.ll.l"l..l'l.“t"

A virtlent . mangiale strun can beoused as 8 vaceine but. antibiotic treatment jg-needed after

mfeeton  The degree of 1‘:1'01&."':11'0:1"lt\'uull‘s‘ depends on the virulence of the steain used. hﬁ\\'e\'ef.

legree of v 1rul¢:an.u md scrmu«nw; ul side u.t'{l_ct-i ure rcl'ltcd {Puhm.r. l‘JS‘)] A minimal 1ntecme '

dosu of @ virulém slra ean be I.ht.d hul 1]1c res puuae vares with the ksolwte used. route of mocululmri,

age and breed ol callly (i‘.sllmr l‘J‘l‘Jl o '_ Lo B S L

AR :tl{ehumcd 1. snginale -«i'ru'm.\\‘hi'ch i not lick tr*n'naéniiésible nd \\'hidi ihérct'nre allows gr'e‘a't«;" .
mn&ml wver the n'prcm.. ni e dmt:w is used as a \m.clm. m the USA and aume South Amm Ly
' '..mmu ies. The unmumud wnimals ure lmm.r.u.d ag,.unsl severe cligical dlseuse W fien nhnllenged wlth
Nt Lm! heteralogous hni.llh“- and this s lhc mm-.l.t,llt.cuw lurm ol :mmumzanon mmlable in the USA

!’ﬂmu "JX‘J)



IaoTates ot‘ A, ma:ginafe made from deer hn\re also beer. tested for use ag vaqcmes. An 4. mmgfnals a

: stack 1sn{atecl”fmm deer and'attenunled in shecp showed similar v1ruIenue in calt[e to A aentrala. '

" Bovines vaccmar.ed mth this auer;ualed stock showed A hlgh levet of 1mmunuy agmnst wrulent

-l marema!e ehallenbes under e\perlmemai ccndltmm. and n fxeld trials in Cnlumhm (Kuttler er al., '

EONE O

; S

There are admmag‘es to m‘unumzmg “uh 2§ \'accme conslsung of kllled whple A mar;g-inale

- urgantsma Thera i ne requmment tor cold storngé facilities and. the morbtdlw whlch may ocour -

 with- mlm.tum w 1111 h\e urgamams is av onit:d A turl.ller slg.mficnnt benefit is the nvmdaueg ot};.hu o

risk of m.cn.-.ntull\ wransmiting mhc,r 1nh.¢.uous agenls lhls is paruculnrlv :mpormnt it Vammes are'

Lo be l:\}m:'lt,d [rom une oY 4 .mulhcr Unlortung tah klliuu vacoings do not resu[l in the same. .

Jegree uf pmtm.uun as Hve v s and 1]u: presenge of :.rclhruu\'u. stroma lnduce:. angi- en'thmcvte L
_ manubndn.s w hich cause mn:n throly: s m cul\‘t..'s m.’.t.btmk Ihl.‘sl.. colostral nnubodles 'Palmer 1989) :

" In urdc.r W avercome some of these dll’in.ultle:. \\hlle nuprm'mg. the economics of vucclne storﬂge L

. ngu.ter and Bester (198 b tested Iy: oph:hsed. I marqmale Hurklv Wast lor‘use as g "ﬂccme‘ The -

' malenul way \mhlc for 6. nmu'lh. tlml was u gr..al 1mpmu.ment on lhl... I;It.-#pan of the live blood :
o vaveing sl \\u..i\; iml !hx.rc were some utsad\ .mlug.h \’ucumalmm had o be- intravenous- nr '

mlnmnmul.w w hh.h are nal :-...mm:muu iy ﬂn. subm.l.num.ul.i.s l r:vmmfc \uncmutmn. The mccme e

irad - be stared ':1 ~‘u L arid 1t heft uk -H., for sev en dmn it bost 113 infeetiv iy, These problems hiave.

A
prev cmcd the W :dcxpn,ad use e l\ uphthsed vt mmvmafe \um.me _
1| . X . .

e S 'u o
" L1 dn vitew culturing u'l‘-.-_lnuplum"m. :

K

- There 15 ut prosent ne sslistudion ':}_; vetrer cullure sy stem 1‘ur '-[uuph:sm’a and'pafa'siu': m‘mariul hag .

._thcwi'uru Y hu u'nln‘inud 1'1-;-1-3 inl‘cuwd amimn'[w' In ufm '.ulmrmb of - Im:p(asma would -gid

my Lﬁll&.«lllunﬁ ul tie rotogivan propestivs off lhc u!}_.‘[m-.m i\\ pru\ iding u defined amumu ut maturml :

IJ‘_l_\_m er o U1K showed lnal-._-l suplasima can e .pgnp.q,.uu_d_ln hlll!_‘.l'i_-lu‘_l'i'.l Bovine ervtbrocyte

cullures. No merease 1 the nember ol infected cells cnald be observed bt metabolic activity was

shawn by the uptske of !'C-nwethionine a nd-‘l~l-lh\'midihc Culturca were oply mainttined for 5 days

and umum.ic..d n.nll\m\.\ e culmwx\ -,hm\ul o m-..urpuruuun of lubul ansola und K.uttlcr {1930

. n.purn.d un ﬂh.l'thts\. ul lh:. munhcr nl lrmpmmm bodie. it ervthroeyte cultiires, mﬂmunnmﬂ viable

argamsms iur i days s



G

Lm

4 ndph:.sma hns been obsen'ed in bovma ewthmu tes and in cells of aduh ucks (Koc:m eral., 1982)
' Hidﬂlg}{ er al. (1989a) Imesugnted thl,b poteniisl of a celf lipe- denved from cmbrvumc cells ot‘

.Dermacemm‘iamabiﬂ lor cultiv nlmn ui +. :nw'qmafe They managed to mnmtam the uultum hq‘ough

“passages over am eleven. momh permd I‘he mmenal was not inlective for cattle and probablv b

: n:presented 8 non-infective tick stnge in the life ¥ cig of 4. maminale. Tick gut malerial com‘mra:ng
“different slages ut llw pnra:me are aﬁo nut mfecme \\hen moculeted mto bavmes (Hldalgo el al,
. .19391:) A ' '

A

. marqiﬁale \i'a;i e:e'mhlished"iﬁ masqu:to cell line by phagom 10518 ot infeeted ervthfbcytes by

dedes u!bapu-.'ns -.n.lls \\lut.h \\cm nmmuum.d far 52 davs, but after 21 dm's the cuitures wére no

. lnu}_.s.r u'.h.\.uﬂ. (\J‘L[i?ﬂl.[ vl m‘ Jﬁ‘)?(ﬂ
I

oo ,fj"'.

L2 Disgaghls - 1

Iht. e plhm: Wl Inupfmm;ﬁu 'nlt.-..tum s o l‘\li\ dmg:mht.d on lhu haus of chmca! Y mptems ﬁnd'
mu.mwrpn. u\.mn-mu rh ul Y’l}.‘whd stained lalund Smenrs 1121511\.. 1981).. The 1dcntlhcutwu nf cnmer

.mvn.]ix in mn..h mun.- dlll:s]n. il mu h.\ uls u[ Imfplmnm 1are~.cnl eur u:-.uai!\ not be dlr;twted '

Y hlm)d SO ‘nm!uﬂg,..:l tuts are. u“.d ley gonrdifm nhmcﬂ] cases and to :lutect carrla:'s Thc o

' a-.ru]m.h,.tl h.st-i unl\ uulué.u\.. 111.:1 lh tmmul hus bt.cn_t.mpn:iu..d to the- disense and do not-_dr_recll_v N
: Jt.mmhll"llt: camur shuur;d - _ e o . L » -
- J.’ .

The ser ulm..lc;ﬂ fests v .[?uu..h have hcvn .tdaplud for 1in. dms.mms of mmphumo%lh mclude the IFA te:.L_

the CF rests 1l \:,.nryl au.-*lulmaltuu lul .md the u.ﬂz.x me- ~linked 1rnmunn-mrhem assay (ELISAY -

{rucblond a: el 'MI- '\uL:lmum e . 1‘)88 -Shkap el al.. 1‘)9(1-: The speclﬁcu\-al the various
'mluntwi 1eslN m.rk bt reduced w lu.n nlln.r hhaud pnrusm.a are present. for eXample Babesia, Ann-v
eIy limu.\u ‘nulb\,wmcs are ptc“.nl m the. st of Bab('wu-u‘lh.c{l.d hmme-& \tl hich’ r-.act with- the-

ur\iim--.\ e wulm11m.utu11 s un. .umi.q.n pn,p,tmlmn uml in the 5Lt‘()l{)[:.lcﬂ1 asﬁuh (.m:.:.—reuctmns

fuive been \llllﬂ]l between. Lo e wnale snd three !’!ﬂs‘mndnmr spegies and teuween Plass odmm and' N

Babesiu h_\_-- uw Il-;\ lest. Mluswredinm nn-udus eryvibroeyles by imvagination I a s1rmlnr munner as -

,mupm\-m};' and. this sonuman 'in'u'\:_clma_us'lh of enlry _inight l.}'c' the f&d’son_ for the 'u'ro'ssf—feacl;ion

d)imuiuﬂl]iss & ]-‘u".cr_(._\'_. 19761, The :g_;_:.'rulqgicql A8s0VS ulso cuﬁnut distinguish bt_itwe'en" naturui :
' ml'ccnm'u and iLtl'éuh'mm ddue 'l..n '\raics: mattion .tl uther ef af. | 98&}:;1:1({ by '-high' rﬁtes of false ﬁoqili\'e :

anid Takse nega ve runulh ii3arbel & Allred, 1991y, ELISA ussoys using munuclonnl antibodies :md"

cloned senes ar.. hem-- dev e!upl,d that cauld pvercome. thw. pmlah.ms L'I'rueblond et a.‘ !991‘1




Tiomms

.f"-'.w-‘-
Lrt

L A se:...iwa smd 'ipem" i method for the delecnon of naplasma orgamsms xs ru use a DNA probe w:th -. o
_ the nuclelc acld of the organism s tha Spemfic target. DNA prnbes have beén molated and used to .

study the carrier status of ammata and the epldennology of anaplasmos:s (Vtsser at aL, l991 Enks_'_

'-"-'f_af 1989; Crot'twaf..l?SS} B

Hf

.\u{-

L 13. Itlentlflcauun uof spu::hc pmtelm .tnd ;.umparison aof isolates - - - L

.f\

" A great dcai of w ark ha:. hu.'.n done to :.ompnre the USA 1solates of ;i mwgmaie al m:mle with N
- epch vilier aud much By tdl.uce u! dl“t’.:!'encl.'.h Ims nccumuiated Kutller {I%’!} to ﬁxd £ recluctwn of -

_'.Irulenc;, w hen L rx*mmh*-nnmun::sud bovines were uhnlll..uged with 4. ma!;ginale althnug.h the.

= upp&‘_ﬂn was lml true. - This laek of J«TUSh-pl‘Oh—Gtml'l ‘has also been obs,erved between différent

4. mw:ﬁ'muie tsaialu and m fact \lll.h t.\m.rimenvs huve prm ided little L\'ldbl‘lcﬂ that the differences

hem eew .. c-;-nn-ah- amd 1. mwwmﬁe GTE grealer than I.lmse hemuen A mmgmalu tsnlates {Paimer, :

- _.1‘)89) leau.:. “hu,h pmhuh!\ mnsm ul mm.d populauons and not cloned iines of . ma::gmafe

and 4, cemmlu were u.m.d n 1ht: s,mas-rmmumt\ n\peﬂments Une- cannal predmt “hmh sub-

populanuu will pudumumu. . .m mluudm m 1 apeuln. umumi and thus the crnss-lmrnumtv

ﬁpcrnul.ms dn ot \u.id pru.l-«. Llr.llsl. .r_..i Coe e o : s

: -hiudlu h.m: hum ‘..nrn.d " wmpaw .I rmph:.wna ::.uluu:ﬁ Ell lh.. pmlem iwel Radiolabel!ed '
proteins | lmm the Wa sh m"hm .md I ]unda H(‘lllﬁbs ol l. neen mna!c wete -iepamled b\' tw n-dlma‘nsmnul; o

ogel LlLLlnl]'ll‘lulUHi‘r and e mtnuru\ of pruu.ms weire found to, he cummon betwcen the two 1';olutes o

A few nuor prutc:m hmu.\ er, e found to bu. variable in rolecular \\ cight and prlmarv proteif

strgeture t]i.l.rl‘u:l et I\.i}m . {n smother nmdv the Dlinois and Florida 1-aulmcs of 4. margmm’e were -

-compared nn lmmunuh]un uum_a .sf.ra lrm-n inlt.cled bmmcs I’rou.ms in thc l{)B-9‘kDa nnd the

47:27kDa ruumm werwe Lin.lu.lnd .md lmlh l\-uiulb-sl'lecsltt. :md heuus—spcul’c untigens ot A napt’a.:m a_'

were uL.uuiu.d u‘\ddms et b, i‘J‘{fu .-\t.[dl’t’h wf ol (198% alm ~.lm\u.d that anitsera from an - )

A u-ufmiro-nm.-..lud amuml :c.n_u.d o mn prull..ll‘ja of kDA ami mki)u from .1. cmnwie but only

tor the -HHJ.I lmmul-.u. !rum 1. muf‘l.'mn'h* t\f\.u.u[ Hnlmc Ih&. un'.m.ru lrum the ummul mﬁ.clcd

witlt the '.\.n.ul isulite ofty I'L‘.H..[Lt.i with the -HLD.: pmtclu» in hoth 4. ce'mmh,' und 4. marmnale :

the 41kida |1ruu.m s L hu Lenus ~.11u.1m. L

N‘ak:nmum vhd 119')11 ‘:I»u wmpnrcd lJi:lpfamrﬂ!‘i{)]mtsh\ usmg hnwne antisera on 1rnmunoblot§ :

The Kochindn - zmd Lntlllnl‘nhl m&]ulu al 1. nmnrmm'r nnd lha. Akaﬁhlmu. and Aamon 1aolate3 of

A :-wmwe nery uunp.m.d nd the e pruu.m bund dcu.i.led was 38- 405.!)& in size.’ This. band it

n.a;,u.d -ﬁmu;_,-l\- with e nmulunuu~. .mlw_m hm W v.uhlx \ulh hulcmlubuus -um:sura Shkap etal. (1990)

sumpaed 1lu. 1 margmaice: I-\rm.l-N'l palate and .4 wmmh' o unmunuhlms and found that anusera_

' lmm bm ines mlm.u.d \\ nh thmc Hulalu pmdummami\ reucu.d w :lh prnlems in the. 33 3I6kDa re%l\m.-

o




Nakamum et al. (1991). squest that the pmlelns de.tected bv them in the 33-40kl)a regmn. the 41 artﬂ
' 33kDa protems of Adums er al, 11989] and t.he 33-36kD proteins 1dant1f’ ad by Shkap er al. (1991}
" are the sgme moleouias and also the same as the 36kDa protein 1danuf1ed by Pnlmer and MoGu:ra

(1984) « see t‘nllm\'mg pu:ngraph This reglon comnsists: of more. than one proteln fNakamum et al.y: -

1991y and therefore could eontain genus- common, isolate-common and jsolate-specific proteins,

_ _'Palmer and M»(.mlre (19841 tullowed a dll‘t“ercnt npproach to study Aﬂapiasma protems Rabbu
'_ nnmerum ngamst o mummaia was produceu that nautmhsed the mfecm-m of initial bodies- !br
- bovi ines. Five pruie:m “ ere mununopreuptmted mth this nnuserum they had mqlecuiar \vmghts -ﬁf
' * 103, 86,61, 36 and 31k1)u. Surface rndmlube_llmg .nt purltsecl-l_mlml bodies showed that tha__sq we_ra

all membrine _aui'l'_a(:c'pru_wins:_ To identily ‘the proteing that induced the neutralizing antibodigs,

monoehenal atibodies were produced ngainst the surfuse proteins. A'panel of monocjonal antibodies
“owas produced against whale vrganisms of the Virginin and Washington isolates of A, marginale.

Some vl tliese monoetoict anttbodies could differentiate between isolates while olhérs recognised

_eamon ammu-..lmuu unuhudrm were used Lo 1d-.nul\ lhe wmmun bpttﬂpu unwng 1salmes {Mc(}u;re
et al, IS4 The c;mu[ws I‘u.ug.!liit.d by these anuhudm were. limited 1o I\mr-aurrm.e pmtams nf
Ifmp!mmu. the mui;.t.ul.u W uh.lus m the .i!. mmmuah» llurldu isalate were 103kDa nnd 36an

ti’ahmr eral, | ‘)h&n. These 1'-ruu.m~< Avere duslulmu,d Am]lli aud Am3s ﬂ.qpecm'n.l\

The mun'ucl.mmi 'ﬂnnlm.v.i.ic 5 thut récugn izod épi tuhés ol A;n_ 105 were able (o nettrative lhé .int'ét:tiii.it\'
o af it bodies ui ¢ Flonda salate tl’41111-.r ef af., [98Gu). -This nuutrnltsing-sunuu\m epttoptt s

Consery ed amung Lo L margineie walutes and A, cemmh* i’ulmur et of., I‘)ﬂ%n) The monoclunai
' uuuhudm were tsad l.u muuunuamnu\ purify the !LI:\LI):: proteis hu.h \\llb m fact o cumple'«: 0[‘
e prmc:m Msl’ a sl \I\i’ 1. 163 and 100kD respectively m size. When tsed 1o, |1mrmtuse

cattle, the MSP- uuuph.-\ indused: protection’ -uz-mm homelogous ulwllt.ngu and he.u.rolugnus

- challenges ‘llm_l.l of st 19X The gene coding MSDeTa. arsp L6, has Been cloned und exprossed

in £ cofi and is hemy sleveluped and lested Jor use os b subumt vaeeing (Burbet et ol., 1987). The
n.ndlm,. regton {ur [h\: MNP \plli T .nlsu been uluncu %quunuul und u:prew.d in E. voli

tliarhcu\. .*'\Ilwd [ _ S )

A

v conmmen dctérinmaius bem c}:ri" \he' dil‘ﬁ:mnt UsA isuimés (Mb(“ui're u"r :if.';-' 1984y, The. 1solq1e- S



The MSPaIn and MSP- lb prmes wmch were B‘{pressed by the daﬁ’erent ysa 4. margmale 1mla{},s
- were found to vary m size. -\ntlbodles reaetive 1o the polt‘p&pudas showed-a. vamtlon Trom 105 to
Sé-an-qnd 100 to 9?_ LDﬂ rl_aspeetwun' {Oberle et al.. 1988).: The__ -m_;pla genes fmn_z fqur dlft'erent- .

- isolates were cimfed and scqi,aenced and the size voria tion could bé ‘explained by the number él’ tiﬁ:es

K .x-'.._u mndemi\ repedted «su[tu:nce ocurred \\nhnmlﬂ gene (Allred et al., 1990): The mp 18 gene also

contains mndemh' repemed SL(]l.encE‘i but the niunber or repeats. is Iower than that m msp la {Barbet
& Allred 1991} ' '

- Thc iéulata-cdmnuult mbrmc fenul naubadms nlsu r;.cogmsed Am’iﬁ [Mnumre e al.. 1984), Am36
- showed small mo[uuulm‘ W mght % anauum and appeared. 1o. be conserved bezween thz_: dar;f’erent 1solates
Am3IG was .l]su unmunuuuum\ purttu.d und usu..d in pmtecnon studles and pnrtml ‘buL sigmf'cam

. prum-_,.h_un' ) anmpl_asmus:s vas qehieved m catle which were mnuum.-.t.d with Am36 (_1__’&1]31:[!1: el al.,

J9R8DL

' Immuzmpruup:wlums withe nuwm from chronic nnd weute . lna;:!a.rma infected bovmes showed lhat
e H(\L!)a prnt-.m tduest gnul.u d Msl’- 3 was the uest cemunon pmmm n all stages oi mtet.nou (Pulmer
ot al.. l'l'-lﬁhi lh;,\vfpmlwu-l}.u lroeeny uultnlnualhnu\ pur:lud 41‘1:.r which it was. tmmd o renst wuh

.' SRTHI Irum e du\mah Mo SIUTY hcuu__ l-.,sl-.d for use iy eu.mlngmul awnv [Mcblnre af a.t'.. :

.'wl)l; _ k o
114 Abms of this prujest
. }h.czmse tln, eurnent mmpl.; SHLLls. hluml vaeeme is nuL engirely smlamclorv {sw section L. l{}] itis

nupurt.ml ¥ iny c.xui..:w um PR unprmc ;l a\ll abvios pnmhaht\ is m du u]np a n,mmbmunt -

\accmc expressig Wik ar F1or: hmpfumm pruu.uh. inun .tppm;mmu detiv ery ’\t.cmr hat in order to.

s e ;\lnlulh \uullnh Proleetve eprtopes have to be identilicd. l’mwnlm. -.puupus have been o

_ muy\md m the r\-’mrn..m suliles (see section 12,130, bat quu may nm l‘ll.(-e'ism‘ll\ be n.levanr.*
C o prmu.uuu ul .uum.:i-. It nlllw of elwrwhers. L.|u~.x-prulc\.1'.uu trials. nwrplwloh.lcal and sumlugxcnl
Studies amd anui\ s ol lmhm.hml proteins all shuw thal varous . ! mcu'qrrmfv 1~soiatea and A, mfmmiu
are hl!,.llllh..ulllh dtllumu L.hm-pruluulum ;rm]:s m Aunlmh\\l, slm\\ ed 1hnl t.ntllt, :mmune to the |

Florida sulate .. i. uiun:mun_' Were unly -p_.lruul_lp. p_mtt._n._u.d agasnst the Norton isolate from - .

b lmhuh\u. llchr..l-. et sl 1995 Tebele & !"ulmer 19900, This mdicates 'thﬁ need to éwmin& the
Houlh Al ru.un hu].l Les il mwenmw ., I wnn‘uhf Tor l.hur m\n specltm protecu\'e nnugcns and

. cpllup‘.s '



 The primary sim of this. project. then. wis to idénﬁfv and compare aatigenic ﬁmtéins' i‘foni a rnngé _'

ul” South- Alrlcan n,ulute‘s of -!napfarma. The apprunch we have tollowad is to produce antis

' -Jr:apfasma wm m ruhbm. as dnscnbed b\' Palmer and McCrmre (1984) and then 1o use Khese' 8

antrbodles Iar the unmunug,emc:t\' studw

bueral nuses cauid be made ui the dnm genemed by this siudv. Some of the proteins uisnnfied -
ahould be relevant n: the prm;.cm)n of cntle against annplasmosxs and cloned A nepldsma genes l'rom o
_-Southern Alma, mga.ther w uh-those lrom ather geographlcnl arens, cnuld eventu-a!lv--be used o

 generate v umver.-s-:l anapiaamuals vaegine, Tu date three. mquences are avallnbie lhose ot Lhe two

. M%l’ 1 prul:..ms und that ot M‘ﬁi’-ﬁ {Vism,r of al., 9933,

' Impray cmuxt ol s urulnglca:l asKUYS i mwt[n.r bumm w hn.h may nme from thls sludv The aurrently' '

 avniluble tests h.m: SUFIOUS $ ml\m.“cs sauh s crosa-ﬁ.uclmna w vith mher hluad parnsues and false

pmru\ esand nes.m1vc~. [dmulmalmn uf':mmunugem&. A ur:plasmr: pmlems {1mmunodummam nulate

mmmun ur twlmc \pt.\,.llll..l lullm\ l..d by s.lmun;_. and L\pn,ssmn in i smtuble systent; would pmvxde' '

@ source ui mulcml.ui\ pure antigen. AL plt.st.l\l the u-.uurren.,c uf) F'.ﬂs:.. pmltn vs is nyninly wresult

“ul captammation ol e umpl.nmu antigen used with hm in -.r\ Ihlm.\ e mntc.rl.ll The duu.!opmcm-'

ol ot ed hnh waif um‘ui & Knuw h,dg.u ol the nmmmc rc:.pulm. i uuu,u:d arumals 10 jdentity

T protetns W lvigh gnc-::nq_hq \.m._ululmg 41111hud.\. In -..]1.aph:r o the kingties of the producnun qt

aulibodies i boy ies e mionitared and three ssi'ilmc:. u;c u:mparr.d Tor a..ro:.s—rg.anu\m}' !lus sludv

shotild provide useluk mionmaiton on this level of antibudies against specitic proteins during the course -

al infechion

4
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* CHAPTERTWO

 IMMUNOPRECIPITATIONS WITH RABBIT AND BOVINE ANTISERA

2.1, INTRODUCTION

- Tlus chnpter dcscnbcs me W ork camed Gut 0 1dent1t) -Umpla.s'ma protems bv 1mmnnapreclp1tanon
usmg unusem rmscd both m rnbblw and i in naule "The two sources of annserum were employed in

orderic lduum which pmqgms‘ ot of all the Proteins wpressed biv A nap!avma, would be recogmzed

by bovine :lurmg e Llll.ll‘su ol mlwtmﬁ -We plunned to ra:se the bovine seri by mfecung anitmals -

' -\\:J\ 11\1. hmpﬁuma .,md ta Thse lhi.. rﬂlﬁﬂt aem by mm.ulangq of purmu’é A uapla.sma orgamsms.

smce mbh:t.s nre NoL Suse: pnble W unaplasmns:s no mtentwri would develop but the re.sullant anusera S

W ouid be e\';w-..le;i m contain unubodws w hwh w uuld recugn e all | napt‘asma pmtems.

i
The mlulu. chosen for ihhs -.md\ nere, lJ;avamtf c'mrmh* und Im:p!asma mmgfnpfc Underberg.
' ]hw.. wre, Jsu]'llt.s nat -.Jum.d Lullur;zw. so there s the puwlhllli\' that g.as..h may cuntmn mixed

pupu{uunm wl uumuuuu 1v-~. . cwum!r e ght:a,t,n b-.cnus:. it hm. boen m-..d as n vaceine ginee

191 and 1 thm.lu:u mu;l\ disgeminated throughou Soutts 'Alm.n- A mar;emale Undt.rberg was

chosei hecmse it i u Viriem 1»ul::1;. 1Imu&ht lo b;. l\pml of the upt. of urgum‘im whlch causes

r.!ulim.nlss. ol unupl.v\umsls K

.

HIES d:lucull o puriy .h;cw!mma urbamwms S0 -1 mmplmcl\ chrﬁmute cnntammunon by

Ty throey te prmn.ma and varouy mulimd’; have been 1.rled by ulher warkers in nrdcr 10 gel mfer lhls

nh-\l.ldt. Budtien and [)nnupnnllm (E97TH usul :.r\'thm e affinity colun‘ms but found that the.

' .u:.p!aﬂ.m muteal budies nhlm they uhl.mu.d Were nat »cmlo;,u.ulh aclive, IIdrtfl al. (193])1.![!1128(1 '

haeraols sy 1o l’L‘iL'il‘\l.. A nnagale from lh:. esy throey tex i hﬂlm\t.d this by treunng with
phmphuh;uw. C.uy psm.munummduw and dif lmnllul u..nlnl ugu Lo lo remove cr\'lhmm 1B matarml

!he-a. punlivd initial badies were alsa nut mlccme



Because ot the dlff' cultles inv uh ed ln punhoahon ol the ;ﬁlms:le it has been usual ta ernplny n?ilde

prepumtlons for the siudy of 'Inapfa.sma. Dzuns et al (1987} isolated vmbls A marginale by first

- "lvsmg the ery throc% tes with 0.83% NH .Cl atter whlch the'r w-..re passed throhgh 3 Ftench press and'.' .
: sed;memed over Renograr n. An .:iternatwe method descrlbed by Potgwter and vnn Rensburg (1983]'
“isa madtﬁcatwu nf the method dcscnbed bv Shkap et al. (1990) Bneﬂv, water and somoat:on ars

'used tolyse the ervthrocvtes and centnfugauon turther punfies the parasnes. Because ohts snmphc:ty

nnd ei‘fecm-eness we demdt.d 1o use tl-ns method and i complete descnpuon of the pruced.m'e is gwen o

- sectmn 2 2

i‘ he melnnds \w used to pruduu. mmhodles in mbbm were udapled from the Work of Palmer & .

Mcu uire (J984) und Harlow & Lane (1988} The generul prmclpies to which we gave attention are

. dcsmb'd lu.re und wmpluu L\penmuml details are g.n en in sectlon 223 In order 1o generate & L '

ood immune: respnnse udruvnnts must be used. to- pre\ ent mpld dlspersal of the antigen and to

 stimulate the rate of phaﬂum tosts. The pnmnr\' reucnon pmducea. mmnlv IgM whlch is not 1de&1 fnr _
- subsequent wrulm.\ hc-..uu-.u of s rcl.nuch low nl‘imm Lt uuuy.n " A second {boosler} e\pt)sure
resulls g uster .md mets atent Tesponse. r-..sumn;__ in the pruduulmn of fg(} which has e lugher
- al’(‘mm’ for :hg unua_-.n I he level o aumuius au]ue\ ed 1» nzlntu.l to tl1e dnse unid to the schedule at
' :mu.u]almns and may \ur\ bnl\\cm mdl\ldml :.mtu,c.ns lur this rcamn uich new e.\perlment ncads .' .

- uptum. Aoy al’ unmumzmmn |1| ucudun.»;

~ Rabbit 'anli:suru rased wpamst purtiuilv 'puriﬁ'éd enitinl, bodies would be cw':pected to coﬁtain-antibddiés. .

1 bovipe ery Lhmu te material w lu\.h w nuld cnulusu the 1dt.nul1cnno:t of 4 naplasma prmems Two

. puwb:hm.s exist for ov LTLL‘I?I]H&. lhl'a d:!'n\.ull\ sbsorption of rablm aultsem with bmme ery thmnvte-_ :

material and exelusive Jabelling ol .l:_mpf:.s:m_: proteins in sh_urt term i vitre cultures, Both of these

metheds were emploved in this shwdy

The mclhud jor tin. ~.pu..;.u. 1.:11;.111:1;__ of . nmp!asum prplc.sns w as udupu.d lrom tl*.e \\ctk of Palmer

et ol tl‘mm i invalvid uu.ubul.luu ol’, Inapfmmu-mh.cmd ervthmc\ tes with ¥§ ﬂfelhmnme. 'I‘ha-
erythrovyles do pot "I\ athesize pruwm:. w lu.n.n«. the mtcctmg urgumsms remain membulwallv acnw:
lur u ﬂ{mrt period, thereby un.uqmr.mng. e label. The fabelied pruu.ms mu\' then be canjugated with

specilic antveram. ind Ui at:%unm:atalwud\ wmpicua 1n1munopr¢mpunled with Sraphwaroccus .

anres meu TasAC) thts h.n_tmum e\prl.mtﬂ prmcm A W luch binds apecstwallt nnd stmnglv o

la the Fe n.gwms ul:many IE.L: »utmlu‘s-;w ol most-animals. ih:., resulting comiplexes are recovered

by ccnmiuguuun 1m.~.sl:.r. IVEF l’uimur et al.. 19‘%3} ar Lhc.n ﬂl‘lﬂl\'ZLd by pol?ann’lanude gel

B eleclmp]umm (AL Iuilum.d 11\ uumradm;,mph\ AII 1he=.e prucu..dun.s are descnbed in dctall in -

secunm 2352200
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Figire 2-1 simsmarizes . the -experimental =~ - . _ |
jagion wad e 3 S . infected b _..-._‘._,,
: _deslgn- followed in this study. Amaplasma - _'"‘ “‘”“_‘ . tn!entad blood
'protem-; trom t“° ditferent ivolates of the - o _i“vﬁ - "m' A mm"‘ Par"_'.m )

_ parnszle iwere lnbelled \mh *S nnd imimiing- - . Bovine 'l."ﬁ{{““"' A - Rabiblt anilgsrum:.

i, Co B :
prectpilatc.d with specrhc ﬂnnacrﬂ lrom wg : N /

sowrces. I'ha wumes were bovmes mtented 5

. . Lnbailad !mrm.tnagania pmelm
with anaplasmosls mnd’ rnhbns ,!,ra.ﬂmmzed S

] _ Fluum 2-1 Schams show niu antisarum produot]nn
. With partially purified A naplasma orgamsm-: o fer immunopracipiiations.

- _ The requlunz lnbeiledpmlcms were saparated -
-~ und cnm;mred bx PMrE

22 MATERIALS AND METHODS  ~ ~ ~
121, ;Sdunre 'nl’_llhmsitcs' and Bovine sntisens

Inlu.:g.d .uul unml:.\.tt.d lsm e hlood and hu\ ne st.ra were nnuu.d h\ hes l’mlozaalﬁ:gv section, X

B M.terman l{L-;mrch In-mmlu (Jmlcrsu.puurl.. Bovi mc sera \\ ere. euher trwhl\' callccle.d or obtained

[rom lhe frozen ‘ill}t..]\ cullechion, lilumi (rom > unintsated buvmus was }malr..d 0 oblmn : 1mxture'
n!' hlnud 1wpes for lh<. umnlu..lt.d ervthroeyte c..unlrols li]uud mlt,c.lcd Mlh . ourrmhf {40%- '
punhmum.u Was uhm uu.d lwm ihe \nu.un. dmmr bovines. . mangmaiu Undt.rherg.-mtenled blood.
3% pardsilaenia ) wis um‘mwd irum a boving. mlu-..u.d with the original A, mmgum(c Underberg'
«ulnl.m. Before mieetion ol U Povines they w wre shown 1o be -‘Lruiuglca!l\' negﬂ;n-e on'the curd'

.lbglnlmuuam test and uu-.-lm_:pf_m‘ma.l)NA gould b_c_.v_.iui_ecu_:d h}' u DNA probe (Visser et al. 1991): -
32, Isnlaﬁtin of paiusltes.iiniﬂul hc_uliesf '

The mcihud_ol"l’ulgtclér uﬁ_d vany Kensburg (1943) Wil i'ullu.\\'cd with Qmﬁe :.il.tcrntianis.. In ﬁ_zc.tén_i nndi
umnleeted bovine bluod w ux eulieeteid in h-.'_naﬁu; ventriluged ai X {.li)ng- for 10min 'ahd the plﬁstna
and buiiy cvat i'cmm‘ud The e l!‘.l.rm:\'.lc-s weere w u-shéd 3 fimes in phmphate butfered saline (PBS)
and stored ut-?ﬁ"i.- ¥ bt sells were tha\wd l\ sed with 3.5 \'ukumw sterile- water and centrlfuged at
Iu(iU\;_. v remme uny remnning white I:luud u.]lx The supmm tent W as ccntntuged at't7 OOOYg for
- 30in tmd the r;.suhlm_ aupumal‘mt ns]nmtt.d IEN the wedun!.nl was requspended. in \\'ater {md
‘.z.mr}luk,..d agam. The.sediment sas swished tmce mih PRS snnmmmg 0.2% EDTA (PBS EDTA) _
and lmull\ muspcndcd L& PBS KHESTA, The au\pn.namu WS snnu,uu.d t\\:ce for 15 seconds at an
_ .lmp]ilﬁdu ol 12 nm.mu-‘ utan MSLE wmcauur. u.ntrll'uged w17 ULIU\g and the aupernatanl plus;ellv- :

like 1.1\ er el uil\ ;I‘S]‘)ll‘ﬂll.d off. The pl.l-!ul was washed twice in PBS-EDTA, resuspended in PBS- -

17



' Unmtecled Blaod was weated in the same way as, *"g mt‘ected blood but Ihe last tivo washmg steps- i

' Sem were Pfepured as dwcnbed by Pa[mcr nnd MGG'IJII‘E {1984) hunh ofum mnbxts was moculatcd" '

"f'.l'

’('\

chloramethvlketone (T LCK) ns protease mhlbtturs. and the final preparatmu was stored at -?0°C

t\ere nmmcd

a

. 223, Production of antisers

22,31 Rabbi¢ antiserurn agatrist uninféeted bovine erythrocytes

mbcuwl‘u.uush uver u large ur;.a) lnt. t:me..s Lach time with §. Sml washed unmtected bovme

: us'e'd.x. prndl.n.c.mlm.rum ugaist bovine u..n lhrm.\'lua lnh..clcd with.1. crmrmi'u (nnnserumdcmgnated. o

- anuseruris was d-.-m.nulud .mu-.-\Ml- - ¥hree rubbits. were used o prnduu. annsemm against

an days 7 and 14 the u.lis W -.n: mised [} \mh uu,.umplete Freund's adjuvant and on dnvs 28 nnd 35 '

cmhrm.vm (=15 -lu“' vellsy. Un.day 0 ihe cel]a wure rm\ed I:1 mth cumple!e- Freund'-s ad_;uvant o

lhe ueila Were adlmmsu,n,d W uhouz ud] uwm lh» rnbblts w t're bled betore moculatum and nn davs -

a2 and 1?8 T I1e atiserum “us dg.:ngnnu.d CTRL:

2232 Rahbit satiserum wgainse A, corurole

These sera were prepured In iim'cu'!uiing rubbiis us déScriBed'in écétjbﬁ 2.2:3.), Three rﬁbbit's were

ati- AL‘I yand thrie r.shhm; were moetitoled with o, c-unuw!e mmal Imdu.s(nnuserurn dmgnatednnu- C

’ AMI Ly 0 p.;.nmu.s per movu! um “The nuu,ul.x_n ere prepured und administered u:smg the same

. wl‘lcdﬂ]b .ls m ’sl..l..hull 223 i.' _—

“wushed erviliroey tes ke vacls ruhlm un davs 0, 28 nm.i 56 mmed 11 \\uh cumplem Freund's udjuvant :

2233 Rabbit antiserum ﬁgﬁinsf_ A. marginale {Un_(_l_e'd)i':n{)".

+

These Ser e pn.parl.d as dc“.rlht.d  Harlow and Lum. (1988] Two rubbits were used to - -

pmdm.z. ammmm u;.‘um: hot mu emhmu u.-. mtu.tcd with . margrmale by uwculmang U::ml

o day |21 mlh mecmplele Freumd's ad-.u\ unt on day 28 and wilhout. achuvnnt on day :6 The

A m:m.mmlu it 'ndt.rhcrg muml l-mdw; Iy uun.uluung =i lo® pamsm_-; it ench rnbbu onl doys "

0. 28 and 36, the el berng prepired o du-u.r:b:.d abuve. “This ﬂnusarum was dmgnmed anti~ "

£ MI-.-_ lln_, rah‘_nm. were bled __iu.!un. uun.uluuun und on days 28 nnd J0.

- EDTA contalmng lmM phenvlmathﬂsulfonvl fluonde {PMFS) and 0. 1mM N-m-p-tosvl-L lysyl-_' L



2,234 Preparationt of antisetum - .

'Biood woy wilected .md let‘t 0 c.lnl at To0Mm tempuruture tnr one hour. The. elot was allawad ta_ .
Lnntruct at4°C for .ut least an hour and then cemnfuged at 3 UUUw:g fr:r lr}mm The annsera Wete
: Amred at- ?{J"C and thaw ed nhquuts were lu.pl at 4°C.

-

2.2.2.5. Absorplion of antierum -

Anusem were nbsnrhed with unuﬂulud bm. me ery lhmc\'u. pow der prepared by ncetone prempltatlon

- \see sections 2 2.1 and 2.2.8.. Auelcma po“ der (1% wiv] was added to serurn and mcubated far at_'

o lenst. 3umun roem tempemmm uuh a;__ﬂat:un The powder u_ms p:_:lle_red_by centnfuga_tmn at o

o m UU(J\g tur lUmm .md dl‘\bdi’d&.d
224 I;mpnmtiqn of .N.m‘llplif.'s_.-ﬁit'.pnl}'ac;.}‘ll'\miil_e gel electrophorests

.'ihc mm.al bvd:es Wy lh.l\u.d Ut e, l\ .wd with . 1 mhnm.s of Ix sis bul}ertw% NP~4(I 1% SDS} :

e .md ;muh.uu al ru.un enaperanue [ur mnm tNukamura ¢r m" 1988). -An equal volume of PAGE

o ~..|mph. hul'ur . FM In-\ :".. SIS, (0% }_.]\LLI‘“[ J% {i—uumupmcihanni 4.061% hronwphenol o

’ hlou wus added. sumpiu m:n, hmlu.d for 3min und mwmlugud for 10min tefore Ioadmg ontothe
- gels. Moleeufor weight nmrh.r;a. MW-3125-6[1 (Sigma) or “_{.-lnhg.l_icd molecular welghl. markers .

CoNENL Du Ponh were used - estimate molecular weights on gels énd blots.  Moleeular weight.

markers were builed Yor vng mnute before loading on Lo gels.
2,2.5. Radivlabelling uf Anaplusing proteins

Iuﬂpfafnm PEOLEINN Were l:ihc'llc'd with .";‘i-u.mllﬂnniﬁ;.: 'u@da%erihed 1';'\' [’aime.r et al, t1985} Fresh |
hluud [CATHEN mlu.u.d Busme was L-L.nll'lllll...t.d at 2 (I(JU\;_, for 1Umin, the pluqma and bul‘t\' bout_
“removied and the Ted \.\.‘ll\ \\4»11;&1 l\\lu. wih PBS und unu., with l.algius mmmal rnm:hum. The
washed prcked enviibroey tes 1 1.5ml were dl_ll_.;tcd it 12m) I-.uz,lt. $ snimal cssa._:ntml med_l-um wlﬁ_mut '

_ methioning, 25 ¢ 120000 Nemettnonire (INEN products. I3y Ponty pér ml ery_tlimc_v_tas- was

added und menbated ap 3790 with i"-i. L0, Tor 48 houes, Atier the incubntion step, the efvthrocvt’es C

were w a~.11u.d twiee i P13 s. dmupu.d in an t-quul \ ulume of d;mptwn bulTer {50mM Tris pH 8, SmM
- EDTA, lmM l’Ml'h 0 UM TLE l\ £ Nl’-inl and L T%) IvDSnmd -;mrcd al -70"(.' Unmtented bm'me

- blood was ln...lu.d in-the same way as o t.nnlml cnllurt.
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: _2;2.6. Tﬁch]o.lﬁncctié' ielid pmcip!i‘aﬂon

]

B The amoun: of mdlohbd mcnrparated into the A nap!asma protems was deterrmned as descnbed by
" Harlow anu Lane (1988} D:ampu.d mthmc\‘tas (5 uf) w ere mncd with 5ul bowna serum albunun'
‘BSA IUngml} ‘and 'spom.d on glaaa fibre filters {(Jl"{C Wnutman} The t" iters were mcubated in
. 10% mchloroaceuc neid lTCM on foe ior .wmm, the TCA was repluced and left at room temperature o

- for3 :mm with agnalwn. TCA replucemem and mcubanun steps wete repeawd thce ar-d t'mally the .
: .t’mers were incubsted in 9:% ethanol tur Smm and left tu drv. Scmt:llanl (Ready-solv EP Backman) "

was nddui o, 1ht. mmplu; w hn,l: waie l.uumed ing hqmd smmﬂ]atmn armlyzer [1600 CA 'I'r1~Carb
' _P.mkm'd) o a ' L '

2,3.7. Prepuration of S‘mpk_l‘fucw:k.'i.m aurens

'-i’mtcm ﬂ;-hw:mg bmphvh:c'uccm aureus (.uwnn 1 (SA(_} \as dmm Led b\' the Bactarmlogy ‘iectxon, -
VRI (Jndmu.pnnn und W, .-:-c fixed 1o pruduu, solid phas:. prme:n-A for collecting immune complexes '

as dwu.nh-,d b {i.lr‘lu“ and i.mc UIRE. N, aureus Wats g.rm\n tu saturation in 500mi Penassay'

nicdiam . 13%. tml -.-urau 11 5% yeast ;,\I.ruul . J% p-.ptuuc. U% [,lucnse.. 0. 5% NuCI 0. 37%" .

__!x.Ian .md u. s""u MI NLS RN lmr\usu.d by ;.-.ulnlug.uum al ? H{JU\g for - I{Jmm, the, pcliet

: ruu»a]u.ndud n i’%i'-a ;.um.un-n,._. it n‘"'.. mdu.ml vzide- .md \hlslu.d hwiee, Ihe fmai pullet was '

musru_nded ot 1t \m m Pli\ withiu. 1%, ~.ud1um az:du lht SUSPCnSion way '«:urred tormaldch\'

addéd slosn h lu - mml umwltlmlmn wl' 1.5% and the mixture. h.u slirring I’or ‘JUmm at room

: tumpuumn. The eefls were w .mhcd r@au\pcndud at 10 \m' in-PBY with _0.02% sadmm_ q,nde. heat.

killed by uu.uh.muu l %u 2 Jar mun and h.lt 1w -..uul m m u.c hmh The cells were washed twice,:

E .rc'nu‘«lwudsd av e N au\l ~iurcd at. - n"!.,

12,28, Piepanition of hovine eovthmeyte  powder

Bunnu mlhrm.\ te pu\\dcr W ]"1'L11cl['l.d h\ weelne pm.:pnmmu a8 dt.*;unhbd b\ Harlnw and Lane o

LY A nmlc-.:ll_d oy e ery throey les w ere Wi mehu.i lhrci.. limes as th.'sc‘rlhl.d in 5ecuan 222, four

- valumes of sectone nere Jddt.d .md mmd \;gumuxh Alter _3(llmn on ice the precipitate was.

~pelleted ,u L unu-,\;, Lot fumun. the petlet w ._t.~. reswspended m eold aceione, kelt on fee for [Omin and

pelleted agtn Phe final peliet was dispersed on fifter puper w aey. 0



223, 'Inuhu_nblmg.t:'l['_:'imﬂah_
. .The method i Pulmer w al. {19%;) was mllowed Rndmlnbelled disrupted en*throcvtas wera tna.wed
on me. ;omcatad (300 su.uun 2, 2.2.} and cs..nmtuged for itlmtn at 10 000xg.. s:hcomzed tubes were :
u:.Bd for the 1mmuno;1rcc1p1tauon reucnon::. !UOui ur elther mhblt {see Table 2-1) or hovme antlserum

.'_{;ee -;ecuon 2.2.1) were uddcd to the labelied protems @ 10’ to 10% TCA~prec:p1table cpm, ste

Ao
[ .
T, f .

' "macuon Z.: 6 } nnd mcubau.d o 'i{mtm on 1ce Rnbl‘nt unt:~boV1ne whole serum {50ul, SIGMA) was:. . _

© . pdded to uw xmmmmpn.upmtmn z‘nm,uun% containing bovine anttserum and mcubated on jce for a

.turther 3umin. SAC (IUO ui] wos added (o the reacuons, incubated tor 30min on ice, cgnmtuged at

2 UUU\L. Inr 10 st.cm'ld‘i .md the aupt.rnatanl mpmu.d utl The prampltulea were washed three nmes =

. “Ith “nshmg bul'lur . IM N«Ll 1% NP-JU, UUJM lm. 11118} the lmzd pellet requspended in PAGE

: s;unpl;: bl Ter und 1]1; pmh.uh -sqmwu.d Ty l‘:‘\hl‘

v
2.2.10. Polyacrylamide gel elecirophuresis

l?‘tﬂf»':tl_t:i‘,\ nde é".:.-'i ._-w.;{,-gp|1};'ru§w '1 [SN‘;!;, Wits ;wrl‘ur’mud'm’ 'di:-aéribcd b\ ,aémmli"tiiﬂth“ The
: fgsﬁ_f\il\g_gcl u;_i:_i_lau’t_édtl K :'tM Irh p[[ S 8, U kg \\,\ Hl)% . UJ% viv TEMED (NNN N'—tetrumcthx 1
x..l.l.n'lcnl.diumim.: 1075 ammonium preroxy :lssulplmlt, m.i’s) x.uld either IU% wivor ’?% and 17 5% i
_t¥or, the ~‘r.tdu.m wels m.r\ l.unulc.' w N N'-mclh\ It..nc' bIMcr\'lmmdc (bts) to uclue\'e. _"%
..mwlmi\.ma. }’hc «t.u.t.m; s_u.i \.unmm-.d A% eryiomide (2% umwlmkmg}, 0.125M Tna pH 6. 8 0. 1%
) SDS. 3 3 gl\u,ml T "\“., RS2 !I MIE D um! ith u?:o% LYAUR Ps Il:.ctruphcrms bufiur cantnmed
iSmE\'I A, iu"m\l _I\-.uu.. .nu{ A% 5[)5 Iiu.tmphorcm “ua carried ot In & v-..mcat
ﬁfu.truphmulx appraius at HVem for xl~ q’.ltw/.. gelsy ind llh (gmdmnt gc]i} A[l gels were 10%:
: unh.as sutted uthumm 1y thre Ii.L{.'['Id‘G ul tln, ligures. Mulegular w Ll]:.hl stundards were vun on each
gella ds.wm‘.mc Lhe muh.»ul.u W 5__hl~. ui the uanm n proteins. A calibration curve was uan;lructed
Tor w»h gel, relatng the mpheeular welghts nl lhu. \lﬂnLLll'db to lhc:r mobilities, h\ lamng the datn to
a i‘nurlh nrdu‘ ]‘ml\ uulm.d eyution. &\ t pi.rlurmcd l]u. regrc'hum unmg: a prngram calied (}ram

(F rithacus Nofln e wid the nmiu.ulm weghly of 1hg unkrown prmcms awere predlcled using the

. resulinge lulmulu twl’\ sere erther stamed with, Coomussie hlm. Lo visuatise ail the proteins, or -

tramslened Tram - My aery lunmde y.l-c o n:lmuc[lulmc 1'm.mhrum.s ~ Proteins | immobilized mi- _
mmn,dlul-.m. woredetected \\:111 by means ol 1 pruu.m slain, mdm ink. or with anubodles {I‘mvbln :

el m‘ ') ‘) Liershuni :[ml i’al.nlc 1‘)83. Illlrlu“ .md fane, 1988}



' '2.2;11';_ Fluorogmphy :

At‘lef eleélm’phbreéais. the radiolabelled pi—dtéins x\-'efe fixed in the gels with a 25% methanel and 7%

7 acetic nmd solutmn tnr one lmur Ta. enhance the signat of ”‘i about ten fold (Hnrluw and Lane

. 1988 Ihe guls were muubated m Enl;ghtmng (Bmtechnolng\ Sy stems, NEN Du Pant} for 30m1n '
: beture thex \\ere drlcd ona 5lab gel dner {Hueter bmermnc Instruments) and e%pnseci to X-ray film -
' (Cmnex 4) ak :-70“(_‘ ' :

. 2.2.12, Tounster of pmteing fl_t_u_ﬁ_gél_s __tq_i n_itmce_ﬂu’ln_se mt:mljmr;’e‘s
i’mtuns were 1runs|-.m;i m mlrm.ullulmt, am.rnbrum.-: ¢Hy lmnd-C Ameﬂhann w:th n semr-dr\' trnnst'er

unit (T" I 7(1 *u.:mp]mr‘“ Moeler Ssienutie lmtruma.nm Alter eiwlmphorcﬂ th gcis were soaked

in lrnu:.h.r bl Yer t-llimM [r1~. Humbg ghcmc u. 4% SDS and "0% mt.lhm‘ml} i'm" at Ieast iUmm. 'I’he_-

' mtmcs.lluloesr. m:.mhrum.s were Lreated awurdm;: W' the -mqnuthcmrers instructions. _The gels and

) mcmbrﬂnes \\m. sundw n,l'u.d b;,l\\wn hui‘fcr-mnked bluu r paper and- tmnsterred at 100mA for * -

inmm Al ler m:n»!ur e uwmhr.mc-s were rmsed in PBS to rcnw\ ¢ remaining acry larrude the marher
'i.muq \\m. cul oft .:nu -t.uu-..d wilh mdm mk (see -i:.-cuun Hl ,md lht. n.mamdc’r ol the mem‘brane

- was tsed for imminnobloling.
| 22,13, Coomassie blue staining

- l’aix.nm famide gels were shllllt.sl with U 2% s't.-":ulnussiu"lﬂdii i 30% methanol and 1Q% eeetic atid
- for at h.;hl ane how it Toom mn]u.ramre W 11!1 ubnulmn .md dumtm.d in 20% muthanoi and IO%
© L sgetie .Md { .n.mmti i‘J7u H.trlm\ e f..um: l_‘JS‘h. '

0

2,214, Indin ink staining o

Proteins were detested o ngoecilulose by staining sith Indi ink (Haneock abd Tsang, 1985). The
membraney Were hiuukcd with PRS Tween 20 (0.4%. M-.-n:'k} lwice fur 3min and incubated in PRS-
Tween 20 (10.3%) plus v, v indm ink until bunds W te \1-,113[15;.'(1 The memhremes were desmined'

\ulh l’li\ 0 rcmuw n.:uk;.mund smu\mk \\ha.n l'lt.t.l..s'«.dl‘\

© 2,215 [mniunoblotting
The I"nil'ﬁ\\'liu,'sis:p-{-x\érc'nll cnrriuzl' ut willy ngili\liun The membranes -'\\'eté'h'lockeﬂ'fur one hour
Cin PBS -.nuhulunb I mllL pow dur{} I 176 Tt lru: mstant milk pow der)y. Antisera were diluted in

.'PB_.S c:mtq:mng o v -mifk -pm\d_l..r. Rabbit antiserum was dituted 1208 and bovine antiseram

S



: .di.ltire'd'l.i 100, M&mbfanés were -incubuied in primary. uﬁtiiaody .;t'or 2-16h at foom tefnpefaiui'e _'I‘he s
: '-:..'membrane& were nnse& three I.lrm.s in PBS and then washed once for IUmm and twice for Smin in -
o PBS The w..coudarv annbudles were pemudase-conjugntec‘ antl-rnbb.\t nn11~goat and snti-bovine IgG
' '('I'he Bm* dng ‘Site. bnglﬂnd} These were d;luled 171000 and mcubnted at mpm temperamre for 1—2h
The wnshmg steps were repeuted and aubstraie udded The substm te solu' },bn was freshiy made up

- as follows: ﬁﬂmg -chioros1 -nuphthol {Slgfna} was dlssolved in lOml ice cold methanol' 60[11

hy drogen peroxide wis added w IUUmi cold PBS and the two soluuons were Taixed. The membmnes -

" were mcuhatcti in the subsu'atu Far 10+ Gﬂmm for the colour to dwelap, rmsed m water to en.hance the.

= ;.olour. dned nnd stnred m the d.jrk T

2.3, RESULTS

2.3.1; Tsolatien of pensites o \i
B !rmp!nmm purusalu umtmi hudlul lmd 1o hc ]‘Ml‘lhlll\ purllmd lmm hm me ery thruc\ tes before'
lurlht.r ‘\ludti.'s ::uuld e c.urled uut an the pﬁrﬂ-ﬁl{..'a Ihc prcac.m.t. uf mmul bud:es m the firal

1‘r£.pamlmn \\.ls mulmm.d mn.um.upu.ulh and luc prt.‘«.m.t. al’ pamsuc prt‘.llcms in the preparunan

13 shown by u|u¢tlupll\ln.xh [ERET AR Luunm-is;c h[uc-ammud PA(:F 117 5% grndient g 2] ot L

1. crmmfc profvins .md umnlc.m.d ury Ihrm..\ te control pmn.ma _ﬁ{Bl’.‘} Thc 1 cannm‘e prapar:mon

- contains mun pmlun baids lh.m the ery lhrm.\ w@ pry]wmhnn. lhu's lhexc must bl., 1, eentraly prolems. :

T h:: .l. mmtde preparaia mnwum same c:n'thrum te pmwma. tlwsz. b.mds are especially prommgm o

it the UKD region, at 435KkEk and there 15 o 'commaon doublet at EU_ULD.J.

The umlm.ulu.r Y Ll}_.hi \.ldnd;ll'ds run o le gc..l ol 1 ig. 22 were hllul Lo it pul\. nomlal equauon to
™ h

~ ublgin a :.m]‘:h iFig. 22 fhe motecular welghts of! lhu. unknown pmlu;m wete dcdu;»d from the

: gmph A -.um]ur curie i as a.u!hll‘lll.ll.l.l lur cach gel shm\n m lhls -ﬂud\

-

Frgure 23 compures the it hody prepacaons of 2. cennale. A, maeinale Underberg and

A marginate Burklhy West i"hc sume crvlhrnc\'Lc"pﬁl_léms‘\'rcre observed in lhe initial body .

1‘r-.purulwn~. HES m.rc ubserved s 1n Fig. 22 !:mpfm-um pmtcme were prest.nt in the prepnranons S

and d:l‘t;muucs dlld slmfldnnu s the b md pulurm were efident m the thrce isolates, Cnmmon :
-.pmtems i ;;rc, seen m the Fk L and 50110 (aﬁkl)a rc;,wns Proteing m.u: present in the 40kDa reglon '
and in the repion uhnw thy ek mulcculﬂr W mghl murlu.r in n[l !.ht. lsolmes but the bnndmg'

pullerm nere nut ;dcuuw]
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{kDax [0 "' %
R -:H00 ‘-_ T
50 |-
o+

20 "0 &0
Distange {rim}

Fig. 2-2. (A) Coomassie blue st.aine_d'?%-1?.5%-gr§dieﬁt- polyuc'rylﬁmidg' gel 61:'._4_ ;'_'rc?nt:c'qte';;z_ﬁglf and
uninfected eq&hrot-.yte (RBC) "prfneinsT The ninlgcuiar_ \#eight marker ‘mw) siz.e_s éra' indiqatéd by the

arrows. (B) Graph showing molecular weight standatds of SBIIIZ.CA)'_piotteﬂ a gamst 'moﬁiiii_jg, fitted to | '
a paiynomi"al _éﬁuﬁlion (} = n+ B;ﬁ."r.b_xz +dx® + ex) t‘:foﬁ; which mélecular..wgights of the uuknown

proteins were determined.
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Fig. 2-3. t..‘mimmi'{;ic Dblue 'il.tl'll'lcd.'?'}’;:'l?.ﬁ"yl gra'die'nt ﬁulx’udh‘lamide gel of A ﬁrmﬁ,riﬁdle Barkly -
\husl 1. utergiviole Ulldl..ll‘iu],. .t. cwumh.' ALY i umnlu.u.d Lﬁ'ihl’Oh\‘lL [R‘BC] prolems. The_ :

mn]c:.uldl W l..l;_..hl marker tnw) sizes ure Illljlt.llll.d h\‘ lhe urrmw



232 Production of antiser S

- As sha“ n bv the scheme in I- 1g

: -1.rabbit untlserum w:as made to adentlfv 1mmunogsnic -lnapiasma
5 protcxm h\ 1mmunupremp1tmmn Tnbl:. 21 hsts the unu:;ara mnda.
“i TABLE 2-L..  Table identifymg enbbit arti- naplagmea sers and controls
1I|I b R S o B ] E . } ] '-‘!il-
i I Seram identity | .- Numberof . .| . - Ipoewlum - G 0 T
" -y - Rabbits ~ - . - :
o : P _
: ‘N LIRI. o | Unintected erythmooyies
: 'll - .uuw\LL 3 41, eenirale infected erythrocytes o
N anu-ACt e ‘ﬂ o AL centrade initial hodies - .
s inti=AMLE . ‘J{ - b o margingde infected ervthroeytes L
+
3 anti=AMi i A, margenate mitiul bodies % :
13

¥ gures 2~ wind 2-3 show thit the .umlmdics'ruu'-'ugﬁis.cd y f:&:pfciknu’: proteins 6ﬁ’tmn1unubluf§;- Figure '
"ii-l shaws ruhbil antisery against . u"umh' n.m.:c.d mth A cenitale proteins vi an 1rnmunublot
Ahjtmru W ere .|h~,mb-:d with ervibrocyie uu..lun.. pm\ der 1o Temuve unubudu..s against emhrooylﬁ
. p;_: uh.ms_helurc use W the u}m_uumh_lnls.- “Nerum solleeted prl_ur tu inoculations are shown in lanes™

lanes™,
Fand 3. No reaction of the premoculation untiserime with 4. cenrale proleins was observed Sll@\\rlng |
llml the amimuls had nuhiims-l‘cucihﬁ antibodies i’u_ lrmpf&s‘éam The rciw(idn’ﬁt‘ the nntiserﬁm
coflested on dov 178 wilh .t contrale proleing is shown in lanes 2. an-ACE, 4 _LTRL gnd_G...anti'-
4\(. 1 _S.‘c'gligilﬂt. Teagtion Wi - m Tune 4 with the control untiserum, most of the hnubadlés_i\\'t:ft- g
ﬂ:hs-urlwd it il the ucelune p.m'\ der., exeepl w the Iugh n'mlcuulur welght regon. The mu}of bands

Jcit.l-lt.lj by hatly aut-AL .m-.l .mu«AL‘l are the duuhh,t in the 40kDa regmn und & hghter ban-:l in"
:l-]'IL. ....LI)u tq,mu S ' . '



Flg, 2-4. Imanmoblul ol 1. cenirabe protems. separated U polyaerylamide gel eleotrophoresis and

transterred 1o nerocelliose. were raacted with antisera (at 17200 dilutions as loliows: in lane 2, anti-

C ACE. lane 4 CTRL and Tane o, amti-ACT and lhc'ru'.;pca:l.i\*c .prc-il_mcu]z_m(m antisera in Janes 1, 3.and

5. Moleenlar weight sizes v kg see indicated ov the arrows.



P

F";,. 2.5, Imhlumﬁxlnz o’ i, mu.rqmuh’ Ciderbers prulcms sn'pnrutcd b\ pulncnlnmtde gei

ul-.uraplmwm ind ransterred o nitrovel lulose. were rt.ncu,d with ummm {al 11200 dllutmn) as

lullmn Taves .:_ mg.l\ 4. ast-AME. l-lﬂt."i 6. % und lU. mn f\Ml und the ‘respeclive pre-muculanon

L
di‘lll\l.l‘il i lases 1, 3.5 T and 9. Mulu.ui r_ wuight sizes (in kDau are indicated by the ur_rows.

D AL G A, R AT R -, S g - g T T i . L

i



Antlsera mude agamsl A mwvmafe Undcrberg werg showu to muct wnh A margmcde Underberg .

' _protems o nn 1mmunub[ut (Flg. 2-3). The premuculatmn antisera qf mdxv:dual rabbits are shownf'-

Cin lnne:. 1, 3, ; 7 and Y. No unulmdles o . marginale were prasant in the --mbbu sera prmr to

noculalmn. I'he ummmm wl]m!cd ah duv 10 are shm\n in Ianes 2 und 4 unu-AME and ianes 6. -

: 8 and le .mu-AMi The llm.t‘lallll.s ul (he bunds dc.tecu.d i Tanes 6, 8 and 10 are not :dentmal
which. shows - the nnpartum.e ol usmg maore thun vne anlmnl for the productwn of a fully
' represemauw antiserumn, jln. prunles of anu-:le-_ differed 10 anti-AML The most pmmment bands

. recognived b\ uma-AMI were in lht. -mkl)a region. wnti- AMF on lhe other hund recugmsed bands i in

. the (mJIILI).l n.;,mu Hmh llill-l‘iM]: ami unt1~AMI pmnununlh vecognibed & ~20kDa pmtem..

o Rubbu ummm Avay :,uwusslu]h pmduc:.d ngamst bmh 4, cvmrale nnd 4 ma.-;emafe nnd could be .

-used [ar lhh ldl..‘nll!lt.dl[ull ul {nap{amm l'uou.lm T

23,3, Rudiolabelling of A napluspnt pioteins

© Campleys elimination ol ervtlroeyte protems Fom inital body preparatians is diftioult and a way to.

clrenums et -llns- pruhium RN u\'chm\-'ch' l'adiuiuhci' e A nuplasmu prnt:’:in’s A, c‘enﬂhle and .

- A margnide [Iudc.rhuz,. .ulc-.h.-.l h!mad mlllll'lil.h. lu;:ctlu.r v. ith uumlu.la,d bloud aonlro‘ﬁ were grown

in »hnrbicrm in Vit Lulunu i luln.l thw purusm. prumms with * ~nn.thmmne Figure. 2:6 shows

am csumr.sd:m__mm ol e wntmt et lhruu e -..;llutu.' prolems 1RBL‘} supar.u.ed by electmphomms :md' :

'\1suuil~ml b\ Nuorography . No- oy lhmmw prateins uu.rc l.ulmllud I‘hu-; the labelied proteins

. ul‘Nul\t.d 10 the mlected \.uluu..s W uuld b c\p-.\.u,d W be .} naplagiia Proteins, s, shown b\‘ Pulmaer

of al e1983). Foyure 2-7 -\hu\\\lh» Jubelled prowins uht.uned lrmn ll"u. 1. cennw}u and I manrmalﬂ :
t nd-.rbch_ llilt.L.ll.'d s.unph.- (_umﬂlmt h.tlll.l\ ity hui.uc a;muhu bupds were 'i:.Ln. the mnjor hands '

. Al LIS sl 134K D a4 u:..tmn.' Wt absent 1n. 1. sratgnale lll!dl..l‘hcl'}_.. bt the hunda in the 30

w -ml\i)a n.L_nm ar.l. um:gmm‘c “nuuhuls_ W eré much More prmmm.m Lhan in L. ccmmlef

SRV

39



Fig. : -6. i\uluﬂdmgmph ol f..nnlrul unmh.a..\{.d oLy 1hruu le lRBC) “"s-m:,lhmmne lalweili..d prolcms

“:pumlv.d h\ u.-lu.'n.imphuruh Mnll.-.ulnr \\mgu marlu.r (MW} am.-s are mdtuatud on 1hc side.



Q

‘;—-rﬁmhiunine 1abelléd'protein's_

1. ummmd:' lmdt.rht,n; und 1. r.emmh'
i\c.r {MW} sies ure md:calcd h\ 1he BITOWS.

Fig‘ P Aulnrudt-.:;__r.lph

m.f‘pnmtud by c'fl.clmphurcﬂs \inlu.ulur uughl s

3



‘234, -:tinnluﬁulat;:élpi:taﬁohs- with mbhit a__n__tiﬁém_'

N To identify radio labelled 4 nap!&.vma proteins whishare iinnmnareactii.'&. rabbi! antisera (seciion 2 “3”2)\‘*‘

“were us:..d 1o uumunuprempu'lw tlu. "“.‘:-metl1mmn¢-lubellcd ;1 nap!asma protems These proteins were \\ I
o

then -:n.pumu.d by ulu.lmphumsm and ’\wmtlmed h\ t'luorni__mphv 1~|gure 2-3. qhows A ma;gmafe-

' I;nderberb protems pn.mptml.:.d with unu-AMI as W ell asa numb;.r of c(‘inu'ol reactions. Lanes 2 and .
3 show . marginale Undurberg pmtems premptmled with ynti-AMI however the anusmtm in iane

\\ g absorbed with hm e t.l'\‘lhl"l.‘m\ t:: pu\\ dor. The.d rmpfasmn protems prempuated w:th anti AM] .

: tanes 2 aml 3 had. mulucu!ar Wetghh of' 73, 63. 42 and 29kDe, the 42kDa brad hemg the tmost
: prommuu In Inm. twia uddmmml pmu.ms of 134 nnd 1UDLDu are dgtcclcd Anubodres w these

two Im:p!amm prnlum \\en. n.mm'e.d by the bO\’IﬂL Lr\'lhracvtr.. pm\der (lnne 7) Cmss«rencuvﬂ

n.pimpvs betwewn ry ihruu e .md hmpf‘mma prulun:s could L.\pklm this result. In lane 4 the pretems_ o

| owere mmmd‘md m lmm 5 1hie .umwrum s amitied, ihe absence. ol bands mdu.ulmg. that bAC alone .

will not ]m.mpmm. any pmu.1n~. lhc h:mds obsérved were lheremre I’armcd by a specific reaotmn o

'b:.t\\ e, the A m;p!dmm pra Lum:. and llu. antibodies. in I.mr: G the CTRL antlserum “‘as used and nc :

" mands were delr_.g.z:.u. ..:h!-.- 2 .’. [u.u I.Ih. nmlu,ulur \x%hh of the prmum. uiennﬁed

Figtire 2y -.hm'\ s (e restts uI'-']l'llll'ltllm[u"c{.'l]‘lilillmi\ul'l reaetions of o centrale wnd 1. marginale wilh'
- mbhi-l -;cru s mmvmuw Lindurberg was tm.d )1 i.mu 2.4 md 0 uud 4. cwmmu in ]maes 3.3, 7 and'

', e llé.uu ]cy.nd tor .muwm used i c..u,h tune). l. nmrgmah' pmlema. ptuup;lntud by anti- AME

Jdane ) h.ul muluzulur “u;.hh ) hich u:rrc-spundt.d o lll;. |1mlt.lu~. 1110-..:]111411&.«.1 by anti- A.MI [I":g 28,

Fable 2-21 with the L‘\uu[‘lmn sl lhl. Mx and ?‘)k[)u pmu::m which were n.wg,nm.d oply by anti-*

\\:il.. atnd the ")l-.l)u prulum r;.\.ul__lll‘u.d nul\ by \mu-AI\I! .l. centrale pmtcms were preclpnated

by .mz: ACH tane 3 .m-.l.um \M[ (iam. 81. t.u. Table 2-2 For the. melecular weights of the proteins. '

The 105, 3 umd 42kIJ;1 proleins were présent i vary Taw lev ols m all the l_:mm..mclqdmg the CTRL

antserum kime (P 29, kine 3 and 61 These therefore appear 10 be .:nun—'spcci[’i;: bands,

Fanes Y k- 10 show e Juballed. prowins of o, c':"'umﬂu uui A, mmuimfe Unde:hcrg {not _

iuunulmpruclpllésludr the bauds that gase the almnguil st&nul were thi'fcn.m to the bands that were

pruupmuud by the anusera Flus udiestes Ut the mmﬂ, ahu.nd-mt prowins were not the, most

mununuben:u x\llhum_l'. pmiclm coubd be 1dummd by Emuneprecipitation with the rx{ob:t unnsem

1193 i 2R and 2491, the miensities ol these bonds \\na u.rv lr.m The bands 1n Fig. 2-8 W ere stmnger

'h.m those il 2.9 e um.n-.nm ol lh\. proteins on Ui }'.l.,i% differ and- wme reqction wnh CTRL ]

wr A alsu uiw.n ed We ¢ U lhum!un.- {uredd o :.um.ludn. r.lmt 1mmu:mpreclpnauon of labelled_ :

Itmp!mum pum.mn mlh l['u. mhhu atitiser W d‘i i u.r\ n.pmduubh

T
b



_Flg 2-8 . Amomdiugmph of . .inw"q:'naia Underbu.rg S~nu.thmnmc Iabelled protams.

'nnmulmpm,lplm ted wilh rubbit unus»m and separsted by elgclmphun.sis Lam. 1 sho“s e lnbelled'

ma{:.uui.tr welght markux and- the sizes-are mdu.nu,d by the urrows. In lone 4 lhc pmtems were

um:uu.l Irom the reaetion and lune 7 ‘:hm\‘i t‘m. umntu.n.d ery lhmcvu: contrel culture, not )

tm\nm‘u}pruulplldtLd f\nuwmm used m prcupmlmn rcnclmm wu.re as, tullawe‘

' Anthuum

fane 2. ;mll«AMl ahsurhud \\1(11 bm'me t.n thmwh, pm\ d:.r
' lamed. untis AM[ '

< lane 4, .. anli~ AM_!
lage 5. no antiseruns -
Jane 6. CTRL °

a

i
R



 Figi2-9, A.l.ilumdir.mi':u:h ol <L nmr#fm:!v Underberg and.d. eentrale *S-methionine la'helie'd p“dieins"
- urlmuno]mmmwlu.d \\!lh rﬂhbll mm-«sum und m.pnru;c.d by ulcctrophormls Luanes l and 1F shaws "C

labelled molmulur W nght mark\.m und uu. sizes are indiensed by lhc arrows. The pmtems and

. 'ant_lserd used \u.rt. as Iullmu

. _ Pmtum. o .. '.A.nt;l'ﬁénﬁn B

. lane 2 [Jﬂduhl.n__ S ; __.untiﬁAMI'i_ _

._l£1n13 1 .J.ewm.-a_h? o T anl-ACE R R

lune -}-._:(l_ndérl'_mrg o . CTRL _.

lane 5 A. cemrale T : CTRL

lane 6; _.Underbcrg'.' s e unl..iﬁ-ACE.'_

ane T .<_l._¢¢ﬁt:ﬁ!g” - e Cai-AME
"._l:mi.: 8. .-l.'c-:.*n.rm{.'v. S ) ._ unti=AMI _

lane 9: f cem}'a{_v o - __ . 11.0.1. immunupreci_pimwd _. L '
lune 10: IJ_n;iqflaérg S o _n.ut'_inuﬁundnrééiliimtcd -



Tnble 12 Llst of the molecular wughts of A centmle and A. margma!e Underberg protems o
nnmunoprecxpitatedby rabbit antisera. o R s

Moleculnrmlght in kl)ﬂ 3B o L,
| "154_' '.,.- --a154-'_ |
I -
T e

| R
e | e
gk T g _' |

- * Alsg precipitated by the CTRL antiserum,

35



235, Immunoprecipitations with bovine antisers B

'io 1dcnm\ radm]ubelled lnaphm;m proteins that reactied with bovme nnllsem. 1mmunaprec1pztanons E E

~lU \mmm [ram three d:i‘l..n.m Inaptmma—m&;.ud bm‘mea w ere uscd f'ur each 1salale.. The

A.om arqmafv Undt.rhorg pmu.m.-: pn.upmn,d with hnmclngaus untwurn {lanes 2 to 5) gave stronger

' _.-.:gnals :lmn the o cu.qnmte proleins prt.blpllalt.d W nh humaiogous antisera {lanes 6 o 9. The

. marginale i,fnd:.rm.r&, pmtem» rc,wr.mhed bv the bovine seru had molecular “elg.hls of 154, 148 :

si'um m. The il f-e?:rm(e protem muda ) t.[t. much less intense umi hud mﬁluculnr wmgbxs ot 148, 82,

A, mm:z.!nmh»Undcrln.n.—-mlcs,tcd Jnuml( sgetion 2.2 1‘1 lhhpr:.-—mlculmﬁa.nnlml sn.rum also resulled i

- !um.s Tamd b ilw restelion ot hmp!mnm protuna \\11]1 wnlml ﬂnn-n.rum \wll be cuns:dered in the

N k!).i :‘mlun-.l mm m. n..fm.nmu \['ﬂ.\.lllu hu[ this q.uuull.hlun m.uis 1o e sniuled with -6 J.L“.gﬁ

R

Cdere ntwmpled u:.mg tlu. tovine nwisera described in :-.-t.x..tmn 2L Thc re.',ults are, shown in Fig .

EoR iu*, ‘}2.‘<" Nix 3? -l" “) 2 and 29kDa. - The dark spot it lnm. 4 was caused by cuntammanoﬁ '

in the. c,,[-m.m Nu sllt.h -\pul w s nh'it.r\u..d uu i s!mrtt.r e\pu'iur'(.. m a d1ﬂ'crent cassette {r¢ sults not .

63, 42,36 and. 32kl da. Tl umhuum u:n.d it James 2 and 6 was the pmém.c.ulmn unust.rum from the -

W prmpn,nmn nl prmum. I.]‘m nmh.culur w lghts hun;, 134, 82, 63. 37 42, 39 .md 29an {Fig. 2-1G, =~

" nieNT \u.‘-.u-vu e lmnm mm.h were nut recopniied h\ umlml agtitserum cthe. 1".?4. id. H-& 105 and -




g

&
%

it

: a
- i

o

" Fig, 210, Autoradiograpin ol 0. mm‘mrmh- llndaﬂ;m and L. cwrmzh' *S-meéthionine labéiied

) “-prnli.'iu-{ lmmunupru'ulp'il;ucd with bu\-m:: untiserd .md ss.paralud by l.ILL-lIt}l')hl.‘.ll'{!‘iiS Lane l'shui\' 2 S

l.lbn.l'l-.d mulu.ular \\t.lg‘.ht markers and the aum are indicated by the urrows, - Thla prote:ns and’ - )

_ .mtw..r;l used w ere s lnllmn lemes 2 o 5 s murgrmale [Jnd:..rhelg pmtcm‘f. prmntetmon bm'ma

antisery. :11 n I.uw 2 aud anunura irmu 3 diflerent 1. man,rm‘ale Und:..rhi.rg 1nlt.utcd bO\‘ll‘le in lanes
3d .md 3, lanes & e 95 wun‘aie prutt.!l‘h. lane 6. preinfection bovine antwcrum and lanes 7.8 nnd '

Y anusers from 3 dll't’t.l'eut i cmmh' infected hm wes. In tane 10..4. mmgma!e Un.dt.rberg protems

were 1mmunuprccspnau.d w ith the same unlherum us in lane '}




4, DISCUSSION

. Raf:_»biz atitisérn \m.;_; produced even 1hqugh_.bc;_\'iﬁé untisera from the d nap!as:ﬁ'g _i_;;.‘-?jccted'nnimals \i_re're
available. Bovine antisern anly L-urnprise untibodics egeinsy protciné &_hm.'ara reg:ﬁg’nised by the animal -
m the immune response Jug Lo the A naplasina mlietivn. ‘Rubbit antisera \i'::iil_‘d‘ hopetully recogaise -
a wider range of .4 nr:pfmma. proteing. Palmer ahc’_t" MeGuire i1 ‘)84}_'mhde i'abbil.nntiseru:ﬁ hgainst
A. marginale which way cnpéble of ne'u:tralising' the infectivity of initiu'l’"b.odiesf for bdvinas. " Antisern

agmnst the South Amcan isolates were made ina smnlnr way, thes¢ were nnu-ACE anu-:»'&CI anti-

AME and anu-AMl iL \\us hupx.d that thess ruhblt aniisers wcmld recogmsu different protams ns

“eompared (o lhusu. w hu.h reneted with Lhe hovine ymlsern. aud p:.rhapa ulso different sets of protams i
. in the dlllcr\.nt lmepfm.um lwlawx 1t was mﬂtaud thai thc cubhll anlmmm was pmduced against
Im:pfmnm mznul l‘im.lll.:x W lm.h contamed somi hu\ ine . erv {hrm.\ le prmem-; I-Iu\*._e_\‘er this was ’
“aeeepted a8 mc\u_.lh_};: becatseal the _lu.w ol infeclivity _uud m.rulug.ludl Helivity hu\'r;. heen shown 1o -~

BeCUT In. very. pure prepariring Jiuddesr and Ijmmpmlllus. 1977 llan et al. :l-‘JSI]-. '

While radiolabelled 4 HupIasHIE Proteins \i'uru precipitated by some of the -ruh'hit unii-;ern the negnti\'c K

' ummi 'ﬂ..l‘lll‘ll TRy .lhn ]mmpll.ncd wo prateing u:} und 283} \\luch ﬂppt,an,d to be

. ma s.rmu!r.' and b, eentrite pr oteins (Fig, - 29, lanes 4 a_md 51, These bunds nre n_q; ¥ sible in the.

A m:.-mmuh» lauu m T 2-8 r{z.uu &) The' h.mds m F g2 (_l:mé 4 nnd 33 _zﬁr,_c very r'_ftin; ahd might_
abso be v mhic m I 1‘_° 2w ere ehposed for ]uul,u' This appears o be o _nqh-spegil"i.c' renciton:
'lhl..:it,. prulu,t_na are apundagt on @ Coontassie h_iu-: stumed gel inall .mmjt,ﬂ'rm!u Underberg and
-!. contrale ;-1-'13' :-.h ulid eutid. u'w'wmw with the. 'uml{udles nun'-x'peciﬁcﬂll\" Al'turnﬁtivclv ey '.
vould be dssoeiated w :'h ervilracy e tembrane Tractions w hu.h are pelleted together with bAC. dunng
the \m-dnm, Hcps '
lhl..ul'hct'\ i thutpre-talectinn hm e ﬂllltswum ulso 1'-rn,-.1pwm.d Iul-;.lh.d pruu.mq(l 1g -lf:b lanes
2 4ind 6) was um.spm.w . The .unnml was nu,rumbmu. for A naplesima (curd ﬂl.glunnaunn test) nnd
o A naptasina 1R conld be kln‘lt-\-ll-‘ 1 ustng . luup!awm spestlic DNA ]'ll".}h{. The history ut the
. antmrd iy eilet an L\p!ulhluuu 1was saceimined \\llhl wrvie e fe it prrogenes vaceine, \\hnch
15 o general inmunsstnbant: aod it had an Epurvthrozoon wicction - Fpervthrozoon also belong to
the family :\nnl'ﬁ'usm-.u-.lwuc Gull¥ral. ti*mbmhh\\'u by agglutination e\periiﬁcms that erythrocytes
tram Epervehrozaon w «nmm mlu.u.d hu\mw had ulu.rn.d ag&luluuumn prtapernes pnd therelore

altered erv lhrm.\ te membrunes. They- uhlumud ‘mmlur rusul ts W ith ; Inap!usma mh.cli,d erytl rocvtes !

Thus the prew lon sera l‘l‘lt;,lil Tuve contained aitibodies that ru..ogum.d u-ltued membrunms and

' the l.lhc,lla.d luup!mmu proleins were .hms'mlud with ur\ hrueyie mcmhrnne trantlous \xhlch \\cre_

pullnu.d 1-.11,‘.1]1;-1 WIRSAL Gy the washing steps, Other pumhtlu es re Lhat the ummnl hed beens

exposed W paplasa or that the pru-mlc.u.uu_n gntiserum eontained antibodies that cross-reacted wu_h_

y



A naplasma p_:_‘dlcin's alu’ low level not detectable by the card agglutination test, -

£

T:ilalc umpurm. thv. mw-qumfe hnc{crbcrg nm.l A c-cmm!e prm.cm-i prectpnnted by mbbzt c

.'  antiseta. \e\ uriLl u.unnmn prnu.nh were pm.lplmn.d but sone pmt»:na were different bilween the two
~inolates, l’.zlm:.r urid \l..uum: 119&4} uiuuuuul lrwp.‘asma proteins with nmk::ulnr w l:lghts of 105, ..
86. Gl 36 and 31kDu h!. 1111mtmupn.c.1p:mmn \nlh rabbit antisera prepared in 4 manner s:mllar o '
the I'itbhil ummm e 1n this study, sumilar sized pmu.ma m.e:re uit,nltf" ed in the lsulnles in this
. sludy: Pdlml.l‘ and MetGuire's 6kDa pmlum f..nuld T l.quwuicnt to vur. S’LDu pmtcm. the:r leDa'

o _equn ale.m L ul.lr ﬁ‘%LIJu and thwir 161\134 a.qm\ ulent 1o our 42&[):1

The :r;!.pi'.t':uuh fotlos ed in this chupter had soe dasvbaeks. (1 w'u{ necessary o use fresh blood frmﬁ |
'mluaiud huwnus in order o esk: thlish the m vitie uulnuw Loy 2.1h¢llmg I'he rabhit untiser’um. '
: prc.puﬂ.d .u.mml the Paasites Tran the sume vuiture, lnuL mm*t. than 80 dm 8 o prdduct. (with altered-
.whu.iulc 2 '%. ). ]Hmm num e e, amptal was used to ul.ahlnh Llu. wlturc‘a for labeiling. and'

Ty «{nulu. of unligen oy ‘{",rndl.»!.wll sa the. l.lh-..l]c:i -..uhur;.n had 10} h:: alurl..d untill the nnuset‘a were h

o -.uuhuhlc lh..m.c lhw ~.1..11..]q,-. ;\zu.:m.;.d bs i Jubeliud proteins were wwi Because of the- unaxplained -

i

!dd\.llulh mlh Lul\lrux :.mum .md botine .mlw.m o is uul. pumhlh o sty cuncluuul\’ that our
w;'lbrum.ula |dt:nm1cd in.rm.mm: PTate iy \hc duull.ll.d 0 .u[e:pl .dll.m.:u\c appmuuhus. free lrom
_ 11' 'uhl'ln.ulnus \,\]‘h.l’['.lh.m.l m.:u .uul these ure dmumml 111 :.lmn.‘m-t '! .mJ 4

o

&

S

s



Y

CHAPTER THREE
IMMUNOBLOTTING WITH MONOSPECIFIC ANTISERA

3.1 INTRODUCTION

in this chapter we deserilie o duTerent uppronch which was followed to identify 4 paplasma speecific -

" proteins becuuse of ihu" -]aruhlc:r--=uncn'un:crud with the 1mmunhpi'écipitattons ay discussed'-in- éhaplei-
w. The mhhu anfiserum sgatnst o ¢ iregittale Undcrbn.m tnitial tmdtes wnu-AMI .»eﬁuon 223.3)

- n-.-.d th unnuumhlm-. . ndmul\ Anaplasain -,pcs.:ll\. pruu.m-: md w wmparc the protems of

Y r.ml Asulales lll,t. tuulullml ui he unmunohlola Was. improv t.d tuumpurud tu the immunoblots

n s.hapu; "1 hy usmg lng;_x.r. k.mdu.m bc!s umblml, clear idemilication of prutems I lhe 1dent1fied

- I:mpk:u:m apu.:ln. pmmlm ave conmon (o all the isolates thal might be encm.tntered in the field. thev .

~eulthl hu usl.[ul m the ul:.\ lupmcnl ul’ lmprm ed \m_u.uws and -cmluk.u.al tests, So after the pmtems

ety nImmmd mumh;wum .mu-n.m ul.umwl the 'ig‘rt:i.lil\.. AL marginele Iindc.rhcm ]amtums were

Camde, st munu-qn.mu. LR L|l. sk sl lltlllllllttil‘lit?l*i 1 louk for hunmlnbuu.u proleis

an 'tin.- uther 1-.olulc In addilon” 4. cmm:h-uud :mmnureh' Undurhbrg. all’ thl.- ulharﬁ'

m.uumul« wul\uuthat\uu..l\ulluhlc »\crc umparud [hu.c, uu.ludui A f'mn.rnmfe \luurt.?ﬂl" L,

l!arkh Wesl aml Escourt jsokites which were 1-miau.d in I‘)"If;. l‘}‘)tl l‘)ﬂl zmd 1984 resr:cuuveh {De '

Y u.|l I) 1 purxuual u.allillltrlltu.lllunl

fnmmunoblots were neault used m this stods wd a new subsirate For detection was used that incrensed

- the sensiuvay of the tiluu lumuumhluwurc proleu hiuts thut are reunted with speciﬁc'unﬁbodiqs: '

Ly,
ml. o un.m .mnlmd\ \\ el uaul« with the pmu.m om the 1m.mhr-mc is \1';11::11-«.& l':\ a sesondury anti-

- Jnuhud\ that ix ..umut.\ucd o ‘.nz\ fie whiely rc.n.h Ay ‘s}'n.t.llh. mhslmu. A ['requent!\ used

cuijig au. GV In nu:m.:.uinh pcvu\:d.nc whieh may hc duetected by r:.ut.tmn \\lth 4—-..1110ro-i~

mapithal to firm parple -p:w..r,mmc ul_w s ul_ _tln:s reugent is deseribed in Lhupter M0 AR

.iiluruali\'n wnd tgw s du\'s:iupcd duluutiwn muthud cnhuucud -.:hennlummcscencu (ECL. Amershnm},

Usgs A immnut-wummmt_ »ubsu itle nmc.u.l ul'the 'l-"i-h]ﬂl'l‘l*- L-nt nphlhql !hc umuugated horsemdlsh-'

pcm\\da e \..uui\ ses the waidilhon ul lun’uuul. a -..\du.. dm-.\ i'hvdruz tde. in the presence n! hy drogcn.

: ]wmx_u[c_ Alter mld.umn. the lumlnul is in an exeiled stale \\]m.l- dum\ s o the gmund glate viga

- light emiinng pulh“ av .- Phe hght emitted san be caplured vy X-nn; film. The process is represented

-

*sehemstieally i Frg, 3«1 Ths miethod of detestion 15 reputed 10 be ten times more sensitive than

;:ulurim'c'lrm metlods .md HUSTITE] \.tm b obinmned: within un:mu.-.s al't&.r uddition ol substrate [ECL_

' We estemn bBlutling dulwlmn sustem instruction mantal. Amershomy,
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 Fig. 3-1. Schematic represeniation of a) the principles of the ECL detection method and b) the
oxidation of luminol. Diagrams copied from the ECL. Western blotting protocols boolklet, Amersham
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B The 8 stﬂm waus usud on some of 1]1:. 1mrmumblom in lhw sn v pud # r.hd prove to be a much more

- sensnm. de.;ecuun muthod than usmz.,. ek [ura- -nuphlhnl ax the xubstww tor pero*udnse Hvbond -

C-super; !ZIITOCLH'U[QM.. cast on. an nert support way nsed instead al normal mtrocellulose becausc u :

was lound to-be o sn.nﬁlt;&'c uid n’tuch Lﬂalﬁl‘ tu hnndi&

In this study. L., margrridle Underberg protens ere smpai'atcd by élec_tmp_hon?sis, the bands cut put

~und injected into rabbits or goats o produce monospecifie wiuswea. *Ta achiove better separation -

hetween some protemns isoeleiria fosnsing was used, # technique which sepatates proteins according

o .lh_'ct-r |'5:'t_=_alés':tnc pomts on u pH gradient, [ The umnos_pecifib un_l_isexﬁ were. used 1o ‘probe
' in_!munnhiuté of dilferent .-Ihaph_a.sm:é solmies in nrdt_:f w identify proteins that cross-réacted.
3.2, MATERIALS AND METHQDS -

3.2.1.-Souree of prrasites il initial body tsolution

£

=!11tm.tl.d ami unmlccu.-l Boaviiee bluud .md hu\ e sery wore dunu(t.d by the l’mmzm\lo;_.v wcuen..

: veh.rmar\ l{unc m.h llhnu.uc Hndurhtcpuml Ao cenitrale-and :.tmmrrmfuUudurherg m.rc ublumcd

and lm:flcd as in w.tmn band 22220 lurc 1h ut the . 1F mm;mmdv lsnl:tlus used {‘:luart. 7812-1,
- l%.lrl\]\ Wesl um! 1 s.umm Wwml Lrosen stabifate W us uhlu:m.d und :mt:ul budw‘i were lsolnled us

dc-n.r;h»d in m,tmn .2,

':_'i"

@ 2 2, Puh nery Inmulu s elucrmphumm sk mmsh.r of pmlcms t nilmwlluhme mt.mbnuwx

'lhc millul imdlc-i were prc.p,.m.d hlr L[L.l..lmpl‘m}uﬂs . d;.m..rlbl.d m \Lt.l.l()l'l "'"4 Protein

Cphcentinigs ut Ivsed: mumt budies were d-..u..:muu.d b\ mudmb the ahsurlmnu. nt 26Unm a-'lci 2 EOmn '

amd using e ln:mulu tllmlu\\ and. Lasne, '[9RR): -

ol wa % .4\1..,,1 -ah, 76 N Any }r-'- % m,_urml

-BAUGHE s pe.rlurnwd s dt.-at.nhud i section 2.3, iU i’rctuuw nere trnns]urrt.d 0 nltroccllulus&

Hlyhond-C or Hy ‘Dotid Super. r. Awiersham as deseribid m section 2.2, « Protein molaculcu- weight
murker‘\ ere \ll..lt.'t.lt.d oh mtroecilulose membranes h\ slumm;_. with India lnk (Huncock and Tsnng,

l‘-‘h:n as m-'«-l..l'lhl.d m -.u.lwn a4

s



S 323 Covmussie blue .staini_n;{

" :Pnlvucr\lumtdu gels were *:mmed with Cuumassm blue as d\,scnbcd m secuon 2.2, 13 or by a qumk
" method as Yollows: al‘ter eleclmplwresls gt.ls were rinsed lhrcg, umes in distllled wnter and mcubated

. in 0.05% Luumasste hrtllmm blue R (SI(JMA) in \\uzcr at rmm tr:mpl_ramre for 10min wnh Shakmg

' _l'he gels were t!t.sl-.t_mcd i wiler untll_ bands _\\_.rere _\'t_sua-hacd ll_’.nrla_“ :_mc__i _L..mg, 1988}

&

-:3'.-.251_;- EIéctniei_uﬂc_:ﬁ of proteins

'I.Mh.r pr-..pnr.mw g,d t,ILclr{'.lpht'll‘l.‘:lb. &-..l\r wizre smlnui by the qulok Coomasme blue rnethod prntems -.
ban_d§ cutoat (see section 3.3.3. for moleeular ncu_.hts) ard lhe profeins electroeluted from lhe gel
.' :_ using .u Biwlrap theheicher ;x. *n..hua.ll} - T lus uu.orpor.m.s an anert membmne (BT Schemher &
. ‘acbueli} thmugh which 1hc pmu.lm pmﬂ ln.lurc being smppui b\'a';t.cundrqembrane (BTI, .‘:chelcher .
& Schuull} The el preces \mc p]aca.d m lhc a.hdmbnr n ulutmn -.hamher buffer (ZSmM Tns,
‘J”mM g.l\ Qe ey 129 S1I8.pll 8 31 andd the pmwm '..nllu.tul m lhe *mnw bul’t‘ur. The Bm(rap was :
.'h.all subnterged i e hullc: atd ‘iul'i'[t.LlL\.i W ROV fur T6l or 300V for th. Bu_tore_n_._mn_vai of the_;\ '
's.lmpic.» the j\,;urcm was resersed lor g 1;..\_\- seeonds o removy pmluma_slicking w the uu.'u:r'

 vitembinne.
' 3-..... lw_mluétﬁc focusing -

3 lv«it:lc"cirm 'l'uulmng tll.-‘i-' 5 Was pcr!'unncd us dcacrihéd by Guilien e al. (1986) in & vertical -
pnl\'um limide sl.:h 1,-.1 S ~.1cm undu' dcnumrmg -..undmum "I'hé el suiution 'cuntﬁ:ine'd 10%.
El\c:.ml. iy lmun X-lug. tMLrul\J $M wwren, :3% acryiomide HRf ucr\'lumldebls}, 2.4%
ampholy les pll 35w g5 :l!m-!\ (LR erudl. ISSmM TEMED and 40mM AP% The solut!on
wits digassed ln.l:.m: ;Idl.llill vl TIEMETY and AP\ The .'..uhudc hui‘i‘r.,r -.unmu.d ot UO‘?M sudlurn ;
hydroxide, degassed hctm e e the unudn. hullcr n.unsvm.d of 0,U2M avetie ucud. .‘:nmp!cs were mixed
WL e uquul \u[um-.- ot iruhl\ mudl. wmph. hul‘l-.,r tlS" " ;_.1\ serol, % Triton X- IUO 8M urea,

| Fm dulumhrunni. 2o ampholy w~.1 The gels were 1m.-lm.u>,t.d lur t:nmn at "UUV, 30rmn at
. 300V and 3o al -ulnv ihL upper t-.utlmda] bulTer- \\u» then r:.plm.ed the sumples lnuded end the

gds tm.uaed for |5 bours it -;le und | heur at K{I{JV lll_t. pets \\_z.re. stwined with Coq{passw blue
using l_rcshl,\' made solutivns s fullows: the gels were fixed with 50% trichlhmuc'e'ti.c'acid for 30min,
' lram':'l'crrcd'.m wluiiuh A B3 u.llunui [U% ucetie weid) u..unlmmng. 1.25% SDS for 10 to 30min,
rinsed four times Im' l‘muu m -mluuun A sl.um.d for 30min-in solution A cnmummg 005%

'_Lumnn\m-. l}]ue und dx.mumcd m '%‘*'/u t.lhm'lul iu% uu.‘uc uud and IU% gly ct.ml

Lol
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3. 2 6 Prmluetiun o: unﬁscrum

3.2.6.1; Rubbit wntiserum against A, jarginale Underberg proteins -

o mm,rumh» Undcrbs.rg nr;m.uh (l Srni,:. wparm;.d by repumm’e PAGE were stmned bv the qmck .
(.umn.;a.-nn. hlut. l'l'll.lh‘
pBs ddded Tl gt.i 2!

ssu: m.non 323 Six prutem bands were cut cut (see section 3.3. 2} and
wes here pussed conssoulively rilroagh 15,21 and 23 gauge needies and the )
humagmqte moo.ulamd mlu rabhm ‘:1\. rabbits w ere used: ench robbit received’ a dlfkerant prntem_

-'and wus mm.ulmcd on dm ) l. '.“% and 56.° flw__m_hbﬂ_.b_ were bled as deseribed i in sact-mn 2233,

i,

3.2.6.2. Goat amﬁ!ﬁé:ix'rt:-ag:lin;l AL mdrginade Undutherg phneii)s.

_ Pm‘lt.ll‘ta W lhc 18 lu -t"k] i :cumn dcctrm.lut-.d from mupaml!\ ¢ pely (sée'eeétién 32'4'"}.” “'-'er.e
' n‘pnruled P um.]: le lm.tissll};. Lsee -iu..nun 3250 the: M. nmjur bands eut uul imd péted a5 m_f
' wcunn 32 (& .-]t..h ol 1 s was nm.,.ul‘lt:.d mlh unc} > ol the pmu.ms on, days 10 25 mg mmed"
blw Ilh wm}}l;.le t n.unds ;ldltl\ ant; aml ’*{ {23 1111_ mm.d t:l \\uh muumplgte £ rcund‘f. n,d,_]&wm}

[hu guals ware h!ul hefure Imn.ulalum and sulmqunml\ on dr\ s 21 und A,

3263, Pmpaiizliit;__n"_csr':mtiisc':ﬂ_r_u_ - PR

. iilumi way codlizered ang icli L \-i“l . Fuem lumpu.unuru Tor one huur The clot nllm\'cd lo. contrnct ;

& :
- ol 4°C Lor at least aat hour und tien l..t.'l'llfl“ll}l-d al mumg Tor 10min. Illpnck pr;'\lﬂm-'A and prolem-G

L [Q colvmns {Llummtm.hum wore usesd w..wrdmg o the 111a11u1.u,lurera m*i"'ucuons 1o nulnle IgG T

from both rabhit and ;__u.:l Ner

3,27, Immunvblotting
: o ’ [

.immuzmhlnw Wy s u.d as e ssciibed m seclion : 215 l“ 0 ~suh~ur-m,-; s\xre h'il..d lor the pero*ndass

conugated wum«.l.m .ll\ilhudi\."\ J,-\.l\luru- unuphthni s d‘.m:ﬂwd m “.-:.hun 245, und enhnnced

'\.ln.nulunnuc“.;:nm. (HCLL Amerstuney wueh s 11~.ed .m.urdmg. w the manuiaclurers m.»lruclmn& o

~and e\pmud 0 ).vru\ ll]ln i(.muu*c 4t



3.3.1, Cdmﬁari_son_of' i.!iﬁl._ate:{i Ly _imuumobln_ning_ s
bl\ Esolntcs of -!;mp!asma {see s;.:.tmn 3 2. l) w;.re :.cmpared on lmmunoblnt w;th unn-Am (Sue .
Tnble 210 Prolem conccntmnons af the Iesed mmal body preparanons wete ’appmtmlated by UV_
" absorbance and 20~ 105.1;_1. ol each aample was luaded per lane. thure 3-2 shvws 2 7-17.5% grachent
'Eel, stained with (.uunms\sw blue, on whish sampie.s of all six. :solates r.nd an erythmcyr«e control '
-.ampll. (RBC) tm\'c bein st.parals.d. F 1Enn= 3-3 shows the duplicate gel 1mmunublotted with ann-AMI _
o 1200 dﬂu{mn tnllm\ed by dv.u.-..tmn with 4-chlmu- -nnphthoL The most prummant bands aredn
~ the JukDa rc.yun Anlp-AMI n,.u.ted strongly wyth 41. 39. 38 and 33LDa proteins in the homologous _'

_. 1solm~: |Und{.rlnrg I.:m.) Tt unl\ \\uh the 39kDa. pmw;m ol the ht.lel‘ulugoua A mar:gmafe isolates,

-'in 4. r.vmm.'e n HI\I.M pmtcm wWiis ruugmscd The 6tk protein sesmed to be an Anaplasma

- ,_'gmmt‘h pmu.m and the T(IL[).‘ prou.m su,mc.d tu GOLUT int all 1. marginale 13013135 (gwmg bnly &

very Jaint signalin the Unduhc.rb 1salatui, The pmtems bet“een 'IOHndIUULDn varied szgmf‘icnnﬂy, -
COT 9 and lnlk]}.z n B.ukl\ Weqt U’LIJa in. Am?ﬁ!?/l B"LD'! m Stuart 82 and’ 85kDa in
inderberg and *{':‘kliu A u'u.*m!:' The S?Ll)a lmnd was alse prwum it the REBC Iane und'

‘li'l]_'ltiil!‘(.d 2 hc a#n ury lhmu w pmu.m

- 33.2. Rubbit antiseram 'ap,a'instA. imarginale Underbérg piutetns

o Cow
i .

" The maijur: 'pr(nui:is nt .:f.'nn#'ﬂ:‘ﬂh!:* 'I'Jnderherg' identified by immﬁn'obl'ml.ing'(f?'ig: 34}-#&3&& of
maleeulus Geights X5, X2, 61. -H. 3w and 33kDa. cach of these pro'ems fwas cut out of a gel (o6
“seption 3.246.5 em;.l'ilm-.'ulau.d tniu o rnbhu tnly the rabbit tnuuulatud with the 82kDu protein.

-pruduuud unubudws. 1L SeRms Iikely that the uthu pmu.m.s were cither :11sui’l:ctentlv 1mmunogemc or

the nmount of |1ml|.1n meeulatéd Wi Lo al'l‘id][ 1gG was 1-.ululcd lrnm the serum of the mbblt thnt -

; pmdu;.cd an ulmdn.» and glwmmu.d uuu -8211, this. “ as m:.d t pmbe tn 1mmunoblot erg 3 4a) and
*i!gih'l]‘i were deteded using the LCL substrate, Parl 0! l.ht.. 1mmunuhlol was u'aed as n conl.rol (Flg

-411} pmhg.d with thc pmmmﬂuum‘ un\l-.n.rum o : . L e

U e . ’ o

T
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| Underberg

‘Barkeley West |

: _S_’Iiﬁér't_.'__._"-__ R
CAm7st2i

£

Fig, 3-2. Coomussic blie soitied 7%'—'1‘_?.5% gradiens pofvacrylamide gel of proteins from unintected
-er_\-_mrdc,\'te# (RIBCY. 4. marginale Stuart, 7812/1, Barkly West, Excourt and Underbery isolates and * -

Ao centrale (AT, The moleetiur weight marker (mw) sizés are indicated by the BITOWS,
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g 3-3. lmnmnnb]at ‘ﬂ a7 ..-17.3“41 L.rndwnt pul\ ncn'lunude el of pmtems from umnfected

B enthmcum {RBC b nmr:eum!e ‘slun*t 7812! 1, Barkly West. Bscourt and Undérberg 1soiﬂles nnd

A wmmfv tAL), bluuud W uh unu—AMl ul 17200 ;hlutmn The pummn ol the meleoulur we;ght

:11nrkers und sm.a are. mdn.uu.d h\ the arrows, -

1

s
e

e
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" Fig 34 Immunuh ot of a ?% 17.5% gradwm polvanr\ lamide gél of prazems from unmfected-_

Lnlhrm.\ tes (RBLL. nmmumh' Stuart, 7812“ Barkly West. Escourt and Underbem isolates and
A wmml.- (AC), m-.lui in ]mm.l A with anti-824 1gl and 1n pancl B with the pre-lnaculated .

'mmeru:n The iu,'llllmdltﬂ were: dn_ic..cted w 1th LC‘L. I‘he posmon ut the- momular welght marlxers'

' and sizes ke mdicuu.d by the arrmn

&



:It nppears that the premmulauon serum contalned anubod:es xeactmg \ynh thc 691:Da Anap!asma -
_ proteln and- also with protems in the 200kDa ragmn, some of which wers - apparcnﬂy bd\wr 3 " o

B ervthrocvte proteins [I'xg 3-4[11 A igure 3-4a sl‘fows total protems from six. Anap;asma isolates ™
'unmuﬂobloued with .mpuS..U‘ Bovme en'throcvte prmems were detectad these were m the same '

' "DUkDa region as thuse dt.tected by the premm.ulanon serum. . In the hmnologous reactmn wuh

Underberg profeins the aniti-82U serum generated a strong signal at 82kDa-as expexzted but there were

also three closely assomatcd lower bands. These lower bends could ba breakdown products of i;he '
82 kDa prmem or the protem anmple used for i 1mmumsmg 1he rabbit may have contamed sothe of’the
1ower proteins. A marginalg Siuarl conidins 8 protein of a- slmllar molecular we1ght that cmss-macts
with nan&"U,A mwgumlc 78&.11 Barkly West, Escqmtand»l cammfv have. cross-rcactwa pmtems _
of \aried sizes: 92, 79. 108 ad 112k nspectweh 'lhe repction with . centrale, A maginaie Z
'__Burkl\' West and Iiscourt prolems 15 \\ eak n.or'ip.m.d (o the other Lsola‘tes. 3uggest1ng that the reactwe
'_':.pltul 5 ul the% twlales diller mum fmm ;hos-. uf Undcrberg tiiar do. the %tuart and, Am?SlZfI
_ :epllopes “The s:ze vanatwn cumsponds 1 the wrmuun seen in th 3-3in the 70 to lOULDu rugmn,

30 itis pmmhia m n:]aLe thu :rnmunogms reactmg with lhe xﬁonosp&m E"c ant:serum {anu-szU} wnlh
:_"'1110-;(. muulmg mah lhc r}bl\ ;.lmm! .muserum {nnu-AM[} K

+, .. 3.3.3, Gout antiserum against .-lk-f\g_:m}gir'mfe Underbery 1‘_!"“"1_“_3_ R

lhe pralum n lhe ’%8 Itk 4"1.1).: rq_mn \x en: w..r\' prommenl: un Ccmmnssn. blue stmned gels tI‘:g 3-

' g ™) and un unmunuhhm t] ig. 33} Ilu. huemp; W pmduw unnserum agmmt the 41 and 39kDa

- profeins in mhh!ts e, 504 Iurlht.r ttm:mpi isas miide’ usmg gums I’ha: protein were dlff'cuit o

- heparate by PAGE, s0 [EF was um.d in an am.mpl ot nchieve bester dsacnmmauon. ‘The: 4. mm;gl‘nale

I’ndurhcrg prateiins inthe 38, Lo 42KkDa regmn were eut front prcpnrauﬂ. pohncnlamlde gels,

e electnn.ll.uul Trom the s.c.i und Tuether “.pamlv.d by II“ : ltgun.. 3-5 shows the eluted protems

.:supdl‘ﬂ.t.d o a_ 10, paly .u.n lunside L—d slained with (.numasstc blue in lane 2 and pmbed wuh
unuaerum-! ofir the .t mwwm!e Undt.r[-n.rg infected hn\'lm.- in lane . '%' I‘igure 3.6 shows the
'“.panllmn .u..lm.u.d by E i he v, mast pmtnimnl bards (o und h in Fig. 3-6) \\ere Li\‘sed to
inoculate gmh hut unl\ lhu .munai uwullnu.d \\1lh hand u dumunstrulu:l ar.w redotion with
By mmgmm. b \ha..: 2 ProLe s, l;,l; was prepar'.d lmm aé\.um mkun form this- nmmal on day 70
“this wis dmgn-smd ;mm—&‘lj Frgure: 3-Th ~,lw\\s that l}.\((.r isolated fmm the presnoculatmn serum of
' tlxe gout did nut rcu-..l mlh proteing ot o . mm'gmcde 11:|rk1\ WLSL ol mm'ginafe Underberg or the
ey thrccj. te s..onlml. l:gun} -?u shm\a lhu reucuun ol tmu--FZU \\uh the dlfferenr. 1solntes on an

immmunablot.

U

o



_ I-‘ng. 3- 5. ['Iuted pruu.ms nx m 4'?Ll)a1 sc,paruted lw elcctrophur ~. ! -ln'ne'Z, -tiié Coomhééie_staincd

j_.el and lane 3. ,k-nmunuhluucd with unlm.rum from an A. mmga a!e' Uridcrbe'rg iﬁfé‘d’ted bovine

tw.tmn l) and dclu.tud wilkt { (.I Lane | alu“\'s the mulccul r welghl‘mnrl.ﬁrs .md 31205 are :

dm.tlui by tlu. nrru\w . B L | ol

ey

- Y

woo

T e
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Fig. 36, ‘Coumussie bine staingd gel of shuted proteins (3810 42kDa) seporated by IEF, lasie |, pI
- matkers (Pharmacias and lane 2, the 38 to 42kDu region of proteins. Argows indicate proteins fised

ot antiserum production. -
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Fig, 37, Immunoblot o & ?%-'_17_.5% "gn't'dient. potyacryiamide gei' of protems t‘;om-uninfgctéd'.

- _. erythioeytes (RBC), 1. marginule Stuart, 78121, Barkiy West, I:‘éco_ur‘t und Underberg isolates and :

EE eentrale (AC), blotted with the pre-moculated untiserym in punet B and with anti-42U IgG in panel -

A. The antibodies were detested with ECL. The moleculor weight marker (mw) sizes are indicated 4

by the aeraws. - . PR .
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' Anti-42U reasted with a protsia of 42kDa in both A. maygiriale Underberg and A. marginale Stiast
- and wuh protems of moleenlar” \v.mghts 29 and ZZL.Da in A. marginale ?&13[1 Nn reauuun was :

- detested betweenﬂnt:u&EU and ery thmayte dontrol A mmgmale Barkly West.d margrmfe Escourt. |
- and d. centrale pruleins -! cenrmfn tmd the Barklv West and Bseourt 1solates cruss-reanted very "

_wenkly with anti-82U {Fxg 3-da), Ail lhl.. 1solates produned prominent sq;mals with antl-AMI in lhe ) |

- _ 40kDa regmn (Fxg 3-3), A, marqmale 7812? I bemg the leastreaetwe These signals Were not ev:dent .

_ mth anti-42U (Fi ig 3-7:0 Thls mdmntes that aml-42U contains a dxt‘ferent panel nf annhodies tothe
. protmm in the 40LDa region than nnti-AMl This is not. unrcasonable, singe sepamted denatured -

' rf'fotems w emused us muculum for nnu.—«t'»‘U whereas whole initial bcdles ivere. used for anti AMI e

“The lm\ er proleln bund-; 01’ 29 und 21.1\Du ut Am 7812)‘1 it Flg 3-?n are not pfomment in Flg 3~ 3, _

' _pusmblv. mdluutmg thiit the unnbodu.s ware tade ::gamsl & minor. pmlem compnneqt of the 40k[)a -

: regmn of o, mmmnafe [mdu.rlmg The Lwo ‘hands seen in Ahe ‘{8—42LDa reglon on - ‘the 10% o
B acrvlum:de gel sho\m i i'tg. 3-3 mre rmohed into four, hands by IL’E‘ (Fig 3:6). . It mcrefore-'. } .
' uppenrs hlu:I\ lhat Ihl: b und 225([31 pruu:ms ol . mm-gfnals 781"!‘1 huw common epn.opes w:lﬁ B

~.._h

- pro;um:. of . leﬂ;i,'mﬁh' u ndurbu's. m the -l(lk])n rogion:

---.-‘.u,_.a

o

= e
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| '3;4._.'-.11_-15':2'113510:\'1_ .

,Antxsam. made agumst ol mmgmafe Underberg mmal bod:es (arm AMI} and, agamst sevamted.

A ma:;g:&a(e Underbere; proteins (untl-SZU a:m—42U), ware able todemonstmte dlstmct lmmunogemc _ '
< dxfferences among the 1soiates compared in th;s study. Ann«*AMI showed extens:ve cmss-reactmty' _
between the isolates. The 39 and 61xDa pmtems seem to be Anapiasma»common protgins and they
©are of sm'nlnr molecuiar weights iz BU. af lhe jsolates Protems in the 76 o 100kDa regmn of allthe -

lso]utes reated with anti-AMI but the molecular werghts varied conszdcrably This is smular o

- results obtained in the USA where the 105 and 100kDa proteins of the Flonda :solate vaned in size
(sae,Jsl:clmn l 13 Oherle o al., 1988 Allred etal, 19901 '

Antlscmrn nas succt.ssl‘ullv pmduced against L\‘rﬂ_-yl mmgmaiu Underberg protems of moleuular- }

_\\etghts 42 and 82kDa {nntt-iﬂU nnd anu-i?.U} The A. margmafe Stuart 1so]a.e nontamed two. - - -

protéins ‘which croas~reucted with anu-ﬁ"U and an11u42U and wh:ch had the samie moleoular we;ghts

s }hose in {116 Underhu.rg lsu]uu. This su;,gﬂsﬁ that. AL mtm.rmafe Stuart and Underberg shqred more
epitapes with euch olh:.r tlum w uh e ather mulau.s A. mmgma!v BarLl\' West, L. mmgfnala Fscourt -

“and. A, cwumfe reacted \\s.akli ur nut atallw :th unu-ﬂ!U and tlnu-42U This was unexpected as ann- B

o AMI reuctcd equnli\ well'with.all the isolates. Ann-42U mtght ha\e Tbiden detecung a mmar protem '

; component of the 40kDe rugum This is ﬁ.atﬂblu since others have also found tlwt zh:s reglon consists

of many prau..ms Adums ef al. 1 !986} lm.md hmt bovine antisers reacted w;th protems in the 40LDa e

N rzgton us gither #- diffuse hund or 4 doubln Shl».np er al, {19911 alm ldbnlllled a group ol’ protems

in .l‘lt'i region and prupum.d lhm, u ummsu.d ui muire than ohe prutem \ -
. ; o Lo )
- The nnnsern that we were able o pruduce shuwed thm the lsolntes conlanmd pro*ems hﬁvmgj,\éarymg '
- moleculor wi mghts but \\ ith yha ed epitopes. This is not an uneapecmd sbservation, size van%tlons_ '
- have also been ohseryud mmong the USA n.ulatcs ((Jberle eral., 1988), Allred eral. 1990) sequ&nced -
' :the penes cadmg for the MSP-1x protein of lour USA A ﬂap!axma wolams und showed that the number' :
. of copies of tandem mpqu‘.d?suquencus is n.spnnslbla for size variations, Our results also indicate
 that A, ::rmgméﬂé Borkiy .W't‘.‘.il. A ma:gmm'u l"scourt and . centrals are. less clasely rélated to _
- t mammat‘c Underberg lhun are . e marginale faluurl ﬂnd A maremaie 781211, Neitherant1~42Unor -
- anu~82U urnw-reuct \u{h nll the 1solates temd su they. would not be useful i in the devslopment ot' an

: tmprc.-véd \sacmm, or scm lpgieat test. .
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_ U:it'bnu’nmelv nota lot of information is gen'e'ra'ied by these results, In' addition, our low susoess f;ate

- in thE praductton af annhodles in both rabblts and goats suggested that a change of appmaoh was' “

' 'necessun' When it way found that the mcremsed sensmvt!y ot ECL datecuon muide it pnssnble to use L

.bovme amltseri 10 prubr.. lmmunublols we dsmded w cbmpﬂre our A naplasma molar.es m 3 dlfferent

' t'ashmn as d:scussed 1rr liw next c.hup;er




-~ and could be uselul in the devetopment of improved vac

' passr_l'g'ed further l'hruugh catile
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FAPTERFOUR .~ - 0

" ANTIBOGY DEVELOPMENT DURING COURSE OF INFECTION

Lo o o ) ’ A

sLNTRODUCTION 0o o

S

" Tnthis _st_udj% we exdmined the deﬁr_q_io;:mem of antibodies in the bovine host_.dminfxg"d.tiring ﬁm course. '

of on Anaplasma infection, This aﬁprpa{:h-ﬁns” expected to be able to-identify the immynogenié

o .intif;ce antibody p’radﬁ:_:ﬁuﬁ gould Ibe lkely candidatds for Lf:s\jnttgens in ix_ﬂprgvéd semlogiéﬁilés& '

esf. . -

¢

. "Al'ﬂ_tiserum_'._sriinpies were ﬂ_cﬁll_::c’teij __w.eekl)-'_ _i‘rmh '.ji r_mp{ 'maéiﬁféc_ted b@ﬁﬁe‘.«.‘f and u'se.d to prohe
R ._'imrﬁuno_bl_ut.i; i, mondtor the dei‘clép:ﬂeﬁ@ of éntibu@ies {tbé-r. !:.e.r:af;fa;m& a tﬁe'inff#g;ion:p'fbgfeséeﬂ'.-'
B Dﬁriup{l the t.ﬁ\itial [ffi'ft'ul”q'ur sty the sii_mu'i.s' th_{t.i.t{t..‘-d _\_\‘ith"huvinﬁ_ scra'pﬁ_immﬁmblats'. using the

- 4-chiorﬂ—l-_1ﬂtﬂ1thﬁl d'c':u:t;uon__:s_\'st'c._m'_.__ hud_b&eﬁ'_l&@ low to be yseable, The increased SBI‘I_;i_tiﬁFi‘ of :
irrifnuhzc_ﬂ.alo_tti_'n'g:113111@ H.'I\-b@_nd (.,super .-md..tlté. ECL detection system _r_d.iséuss';c.d 'iﬁ'.e.h_h.pter }) .x'nad_e o

_ it ]idssibk:m'use'bu\-_inc nntis_x:fn-.ta deywet proteins by immunoblotting. - R

.

Se\'crul_feééarc_hens fwve tooked ut the un_tibud,\"'lt_:-'\_*cts. in A naplasma infecied bovine sera, 9t timey
ranging l'mm*_du_\_' 23 1w day 10| post infeetion and also: in carrier snimals (Nakamura ef al,, 1991,
Adams ¢t al. 1986, MeGurre ot al., 1991, Shkap e ek, 1991, Palmer ef al,, 1985 and Adams et ali,

1989). Norie of the siudies Foltowed the élaursq of infection and the detection methods used were not

as sensitive us the ECL method used in this study, This is the first study which monitors the

de(-e!npmgm ol antibody production during the course of infectian iwith the South African A n;}pfg.;ma.-

isofates,

the three woloies compnred n the esperipents considered ity this chapter, The origin of . cenjrale.
-and . marginale Underberg ure discussed in chapter one.. . margiale. Barkly West was ghosen
because it s one of the less . virulent -isolates, even thoiigh it proc‘lu_cés a tnuch -highq}'peak _

' pnrnsilhemia than dogs . marginale: Underberg, A naplasma mm;qfnalé‘ljgnrkly West has not been

7

A 'rmpfas_:__#(": cuntrale. .-I-f_;'aplumfn:m-amﬂiélﬂ Underberg and o noplasma qi:gi"na!é Bagkiy West were o

"~ proteins responsible for stimulating the humora] immune fgg{onsc in the host. Those protgins that . - -



42, MATERIALS AND METHODS

R

.

5 The' s'emni-samplcs ivere tiken t‘rom day I (the da.y-df‘ inféﬂ-tibﬁ) thrdﬁgh the prepatent period as. the

rgamsm muluphed and up 1o peak parasunemm, at which t:mo the amrnals were l.reated wﬂh

; -ietmc\ cime After ;etmwcime treatment the buvmes reuqvered but remas.nnd eﬁmcrs of the diseass. '

' agnmst A naplasmannd which protems Bppedr1o be the miost lmmuncgemc Th:s mununogemclty can

: aiso be uompared hetween the ls.olmes

42:1. Seurce and isolation of pumsites

3 .-I :naremaﬁ! Barkly Wea.t way mulated durmg an unapiasmasls nutbrcak in the Barklv West dls!nc\\;_

.. ACape Prownce} in 198! IPoigleter el a!.. l9t.l) T1cLs were ccllected and fed on susoepttble anunalsllf-' IR

W hmh re.--mllcd in - I mm'gumh.' mt‘m.tmns Fron a\ luch blood stablhtes “eru made

- I11tu..lbd :md unmict.u.d buving btmad .md bnum. M,m w:;re donmed ln the Protozoologv sscnon,
: Vewrmur\ Ruczlr-.h Institute. (Jm.h.rqtept)urt lhc. . cemm{e vadeine strain and 4. mmgfnale

Undl..rherg 1:.olalcs worg t:btmm.d us duxunhbd m auuuun 22, l t mwgmak Bari\ly West blood (70% -

 stabfate Imm 1980 The mmhnd of I’ulg;u.ler and \‘.m Renshur;._‘ ({983) was tollowed for 1so]ntmn¢ '

af mmul l‘mdu:‘s us dt.'-(.l'thl.d in-seclion .’.._‘_

© - 4.2,2, Determination of protein concentrativn

L+ The protein. umc.c.mrutmn of the mnm] hm:l\ pn.pamnons wag dcturmmed b\ the fi lter paper dye-

s :agmn Aliquots were placcd m mlcrotltre plnlm wid the nbsurbunce was rem:l at 405-6001111’1 inan-

- -hmdnu_z nwn deseribed by Minsmide and Bamburg {1990) The initial bodies. were first lvsed with

one ld\'l.h \nlumu.. of Tysis bu}lt.r tsee seeton 2 224 lu.tcn. lullo\\mg. the method, BSA was used to

' l-i!..tl..m'llnl- the standard curve. A dlluuun series lor ¢ach samplc. waos apotled n mpllcnle on to

Whatmun Nu | titer paper which was then rinsed in mt.lh!mt‘ll for 10. suconds and air dried. The

hller paper. wits nn.uh;m.d n 51.11[11[‘1&. mluuun w ::% Coomussm hlm.. ?% acetlc aold) for 30 ming at -
- room temperature with ugnatmn. duslmm.d with 7% aceria ncld unul most of the bnckground was.

_: : remm'ed und mr dru.d- llller puper sgusres -cnmulnmg individual ﬁpmb were pluced in Eppendorf- '
' -lubc.s nnd the t..‘u-umasm IJI'LIL eluwed by nddmg [ml extraction but‘fcr (66% meihunol 33% \vater, 1%

gmmonium- [rw 4. .wdm The lube»a \\LI‘G \'eartemd lely. f'or 5 mm at mam temparamre and vorte'ced-

' -'nummnttc wadur (E AR 4(10 AT Lolurtmt.wr, SLT - Lablnslruments Austrm)

: Wlth tlus nrproach orTie San delerrmne the time if takes for. the ammal to prnduce detectable anubodms B

'pumw:luumta) was ubmmud from 2 bovine mh.clcd with the angmn} -! marginals Barkly West‘ e



- _mmns making denerahng the gels soluhons EﬂSlBr 'I‘he .:DS in the elecm:phuresxs bnffar rlms_ :

nlg éontamed 5% acrv[arnxde. Lhe sepuratmg. gels. 10% acrylamlde and SDS was onutted f'mm thu gel_

Inma{ hodtes ﬂnd muiacular m:tght markeis S ite treated as desctibed in -=eotion 224,

3 __ ;Eiectwpimms!s wis carried out as described i in sectxfw 2.2.10, w ith some alterahons ‘Ihe staekmg L

K 'lt'head of- !.ha pmtems in the gel thus the protems stays in denatunng condmuns Acrylannde -

solutions uere &etomzcd with Zg Amberhle MB { (,Slgma} per 100ml and degassed before pourmg_ B

*the gels. Acrylarmde (?0%} and bisaery !mmde (1%} stack. solutions were tnade up separately - and - .
n'u\ed to dchievs 2 5% »russlmkmg I' he separating gels: comamed 0 BTSM Tns pH 8, 8 4, 4m}01" '
o _TEMI:D 1 4mM APS, 9. 76mi uun'lamide stock md 7.5mi Bisacrylamzde stock per 30ml salutmn '

The stacl_smg- _ge_l:. conlalm.d u.,_lt_i?M Tris pH 6.8. 44mM TE_M}:.D_,-tL,_nImM APS,_ 3.261111 acry__!:_lmld;- ..

- .stock and 2.5mi 'lﬁ's_r'mr‘\'-'ia._lnidw‘%wck per 20mi solution. Elec&oﬁhorﬁis buffer nnd' mnning'coﬁdiﬁdns

. wers a8 desoribed in seclion 2, 2:10. Protems were transferred (o mtrocellu]ose {Hvbond-c Super,"
descr:bed in st,ctmn 2% !“ : l’mtem mulm..ular ne:ght mnr&en w ere detected on mtrocellulose by'

wios pt.rtormt.d s dwurlbu.d in u.n.umi 2215 .md the untlhudm were detectegl h\ ECL as descr:bed ':_ -

m Het.tltm 1 2 ?

G
oW T

4.2.4. Collection of bovine antiserym . &

-Sera fram bm ines mh.cu.d with 4. cr*mmf;e nnd the 4. mmgﬂm{e Barkl\ West und Unclcrberg 1solates'

_were clunalcd h\ thc l’muvuo]ob\ Sea.uon VRI, t)nderstepourt Kera aumples wore collected betorr.

o Amershnml W 1th a seml-dn tramster unn (TE 70 Semxplmr“‘ ‘Huefer Scientific Irastruments} as

. stummg mlh ludm mk tllmmn.k and l‘:aﬂ!-... !983} ny dcacnbed v section 2,2 14 Immunablottmg-:--'

mh.cnnn nnd tl.cn enee m ckly Iur ol least ihm. months 10 give a Tine- course senes of antlserum .

' snmplns ﬁic ud \\d'. calleted 4 himl’.l aid le n to elot & room tcmpcramrc for one hour The clot was

: ut tht. ‘sl.l‘u'd \\Lr!. stored al "ll"(.

_ullo“ ed e contruct al 4°C fur at ll..a\l an lmur ﬂnd lllcn eentrif u;,ed ak "HIUU\g for 10 min. Ahquols s
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4.3 RESULTS

The anubods' response ot f.he ...avl”nes to -lnapiasma ml‘ccuon was dctected by lmmunobloltmg

Proteins of . ma:mna!e Underherg. A margmale Barkly Wesl, . csnrmls and unmfected'

' _erythroc.') 1es werk sé'pamted hy alectrophoresrs oh pmpa:ratwe gels Gradient gels (made as described | _ .

in sectmn 2.2. 10) were used § in the etpenments shown in Figs, 4-1, 44 and 4-10, but in the remamder

of ihe. expenmems 10% acrylnmlde gels were used s described in secnon 4.2.3. The msofuuon of
_ 'ihe grad:en: gels is better than that of linear gels bue it is: more difficlt to ensure reprodumb:hty whm -

- pourmg the grndx.gnr g.els rhe varistions aubsequemly made 1t d:ff cult to cornparn results between o

._ differem r.'.ela tor \\h:ch renson IU% gels were maore ot‘ten used

After electrophoresis the protemns were tansterred to pitrocellulose, the membranes cut into 6mm -

- strips and each st'lp mcuhatcd \uth i d;ﬁ‘erent anttserum tsee section. 4 24) Equal amounts of B

o protems were louded unm eoch prepurnm e gel (=l ng} but the peak pereenmge paras:taem:a dxffe:ed

- bc[\\ cen the iaulatw 13 I"-i. 1w ?(1%} llenw.. the r.mu hul\u.erz pamalua and Bn'thracvle proteins varied
ineach case und this bad 1o be taken nt uu.uunl wiyn Lumparmg the’ cLi‘ferem gels Strips for gach
- isolate were probed \\llh l.he lmnwlog.uu:p .ml::.t.rum as well s w ith’ the two huterologous untlsera__' a

) '._lrlgs 4 | lu 4-!”') Iah]u-& la. 4-113 1-.. i -l--s shu“ the_-i.me. nurnbcrs mnespun gto Flg.s 4-1 .

ET 4-12 luf,t.lllt.r w uh {he day post- :nh_u.lmn upon W hmh :.nch -muserum :ull'l'lple W ns collected and tha

paraﬂllaemm ul Iht: '.mlnml on thal dm
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° TABLE 4-la Table snawmg the days on whmh antisera were collected. fmm he A. mavginale o

* Underberg infected bovine and the parasitaeria of the animal on tilatday Lan& numbem mespond o .'
tothosemﬁgs414-4and4-lﬂ o :

7 A marginale Underbers,

| . Lase ﬁumbu’i' '_'-D.n)"s posﬂ_ﬂfecﬂnﬁ. 1. %
: | Figs. 4-1,4-4,4-10 | = Pamsitaemia’

] -_'4. a3

i

o T N

N L L e

o Ut R 1 ]

" 1f aceurale eoukding ol parasiie numbers not possible. parasitiemins were described-as very rare
(VR: 1 to 3 infected culls durpig = 3-3 minute s.\nm:nmmnl or not rure (NR 1 or more infected
u:lls per 15 feldsy. - e _ : . , :

' .Fig. 4= only npto lang 14 oo

uuuuu

Fig. 4= IU nnh up W lane 15

0



TABLE 4-1b, Table showing the days on which antisera wete colleeted from the sashe A. marginale
Undesbers infected boving as Table 4-Ta anid-the pams:tnemm of the ammal on that day ‘Lane 7

_ numbess comsponds to !Imse n Flg. -_7

£

A mmrginn!e Undelbelg

Lane hur_'nbb,r-

_ Days_post—mfecnun. .

-Fig. 4-7

i"axasitaenﬂa

~ %

N

i :_'.'.-..q_{l-.

1

¥R

3%

A

i

6

..j"_

6.

'-:I N_R..

IR

" NR

NR-

CNR

1%

* If noenrate u.:untmﬂ uf pamslh. numbcm not pos:.lhlt.. parasmemma were deacnbmj as xery rare

=

(VR: | to 3 inlected wil-c durm}: ] 1-5 mmme L\amtnuuun !ur nwt rare {NR ] or more infected

u.ll~i per B3 !le]d-l

6l

.t

P

LN
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 TABLEd4:2. Table shnwmg the aaya ont which ant }sera Weré mflﬂé\ted fromm thé . margmale Barkly
- West infected bovine and the - parasitgemia of the ;mmal oni that day. Lane numbers corresponds to -
. those of Flgs 4-2 4—:: 4-& and 4-1] : : -

:fdv West.

- A mmgmafe i

- Days pnst-ml{hctmn‘
- Figs. 42, }S
S L

-\:

s | w

%,

]

w3

wn
o

%

oo . SR BRI || S-S

o

VR

R

NR —

w e | R

A pu-us:te 11umer>. could not be sounted - accurnu.l\ parasunemm was descnbed as \en rare -
VR 1o 3 mh.n..lu..d cells durig o 3-:: minute e\amm.mon}. rure (R less than 1 mfected call pe.r
15 fields) or tiot rare +NR: |} or more miec.led ex.lls per 13 lields). TRy :
Flg 4- ll onlx up i lzmc I‘.! : :

o

+
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.. bovine and the parg

e

| - Azz‘-"ef_iﬁwle . .

“Figs. 43,46/

" Duys 'bosi-infeéﬁ n | '.'%'Pa:'ﬁs‘i‘aemi?:

A s

]

"

63

o

e B

wespond to thuse in Figs® o

TAB'LE_#_-&'-’fab]é.-ghbwhag'_thg:dayq"qﬁ:_\‘}ﬁiﬁi} anii'sefaia'e;_é:c'oﬁécted- from tfie A, c’en_wfe-infédt'edw AR
rlzﬂﬁmﬁl of the aniroal o that day. Lane

%

X



F1g|.ires 4‘1 42 and 4 'i show A, mw‘gfna!e Underherg protems prnbed wﬂh Bullserﬁ frﬂm

B 4. margrnafe Underberg. ,! margmaié Barl.ly West and . cenrmle infectod bovines respectwely

; The homologous anusemm fecognised more bands than the hetemiogous ant:sem and the A. centrale

_ anttserum producc.d u mmmr sxgnal with A, mm-qmaie Underberg prm.ems tfig 4-‘1) than the f.wo C

A mmgmah- isolates. u’igs 4=l and 4:2), - Table d-4 fists the’ mo_lecular \\'e_1g,hts ot‘_ the proteing.

recogmsed by the dtt‘terem antisera, The most prominent bands. recognised'bjr the Uﬁderbui‘g_
- nnusemm were the 22, 40-46, and Szki}a protums The ZZkDa protem was not in. the range of

_molecular W etght mnrkera wsed and was extrnpo!ated to be betman 20 nnd 22kDa in size. The 22

and 46LDn protem-i were rﬂcogmsed 1w hc:th Barkly West and 4. wmmle umlsern. the 82kDa protetn o

"onlv b\ Barkly. Wesl umiscn,lm ftnd Lhe 40LDa pt-utem only by the A eemm;’e ant:semm No bnnds
- were deleuled by premlc:smm antisera with any al the 1sulutes '

. ) Slgnals were. llr’.'il dl.lt.clt..d on duy 7 tl 1g 4§, lane 2) \mh the Undurbarg nnusarum, on dav 20 (th .
#2, lane ) “n.h the Barkly Went nntlserum and on dnv 35 (Flg 4-3, lane 6) with the 4. centrale

* antiserum.* After day 21 (Fig. a1, Jane 43 no additiorial protéins were detested by the homologous

' I}nderhl.rg antiseram and lh-. inensities slayed constant, with two usm.ptmns the m:ensuy of the
'_-_’Sk,{)n protein m_nnl du.n.u-it.d ulu,r day 47 Uane 7y and lur the "2LDu pruu.-.m there WRS 6 sharp
| zncru.m. ut’ mlumn al day 62 (lane 8). The mlcnsm af thu 30K protcm sl,;gnl detented hv the
| Barkly, West .nmw.,rum n F 12, 4»2 devrensed - bul the remmmug »u_nnls nppearcd © be of reiatwelv _
: constant mienaty. t the cuse uf' the o wnnwh- ntiserum the mmns’u\ of the ::7 36 and 40kDa o
proteins decreased aler day 63 (¥ 1g 4 3 lunc 100 The b:mds rs.cugn:sed hv the Bnrklv West
. antiseruny i the 3t W 0kDa TEQION Were 1Rk very t.lt.ar This might be e*cpected to be due to the

 difference in n.soluuun betwen the ;.rudn.m and 1% luwnr gels. but Fig. 4-3 i alsa a 10% linear -

;,eI and the 57 und 56KDu proteiny are rt.w(,msad ¢s more distinet bands when cumpnred 1o Fig. 4-2,

R appears theretore thal ths is o real effect and the Barkly West antiserum did not strongiy recognise

- protens n the 5u m 7HkDa region. llm ul‘l'-..-.l is ulso seen in Fig.da3,

64
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- Fig'.; 4=k 4. margnale Undx.rhcrg proteus nnmunob]otted with annsera lmm lhe A mmgmale?.': '

. Unduh’arg mlculcd ha\mc. Ao maiginale Undcrherg progins were sbpamted by cleclruphoresm {on

8 7%~ 17.5% grudn.nl gel}““wmln.rrud 1o H\ bond C-Super (Amcrsham) and the mcmbrane cﬁt into
' smps The smps \\\hre immunoblotted vuch w: cith wn antiserum cullwted during the course of ml’eatxop- :

' "lrnm the . mamma!v dndurbcrg. mt’euu.d bovine, ECL wag usad to dv.tr.ct the bound anubodlaé.

Table 4-la shows which umtwrum v u-«.d for cach mdmdual fane, - 'I‘hc nrrowa mdmate the

T

' muln.culnr mmghl (m hl)u} of ;lw mulur pruu.m hnnds. R
A
LY
AV
)
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'I-‘lg,.«téz.' b n’r'amumh-f'l}-nderhcrg-pmli.-im imnmnohlo'ued '\\-ith anliwrﬁ from th'e . marg:‘}iats

'_Burk'l\-"' Wt inleeted im‘vmc mmwnmu {nderberg prolelnu sepamted by. ele..ctrophoresls tona’

1% gel) .mei m:ah.d as des\.rlhud for Fig.~4-} twd the smps m.rt. 1mmunoblotted with unusam

'-'e’ﬁﬂthlbd durlug the vourse of miketion of he 4. mu:ginafe Barkly West mfected bovire. Table 42

‘ihu\\a whioh antiserim s m.u.{ for euc.h individual iane lhe arrons lndlruw the. malesular welght

on kl)al of the wigjor prowin bands.
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“Fig. 4~ .‘L A mw;qmm*u iind:.r[-u.rg prmclmi unmunnhloued \\:111 entisara I‘rom the 4 cenfmre 1nfecled
bO\‘tl‘ll.. o, mmwmdv l}nd;.rht.r;_. pron.m‘s separated bs' ch.utmphorests {un i IU% gal) and treated a8
desunbcd for Fig, 4«1 but the sinps were lmmunnlﬂmted wilh antisera collected during the eourse of
infoctjun of the A, _c-wum!e infeeted ‘bm‘mu. } i'uble 43 shows -whtch antl__sertJm was used for ea_ch
- individual lane. The arrows mdicate the motéeular weight {in kD) of t_hé major protein bands,




TABLE 4-4. Molecular weights (in kDa) of A. marginale Underberg prdeins _mmmga_m?@- o
- serum from A, marginale Uriderberg, A. marginale Barkly' West and 4. centrale infectsd bovines./ . .

§. . A marginale Undorbérg proteivs

I Undedlegg 1 Béﬂdf West seram | 4. centrale Se_r‘uﬁf 4.
Cosemd | Figd-2 I Fig4d

L I

sy s

) ‘H‘! __._-7'(, ]

I

B

7

i PN

U s
A . :

g2 |
[N )

T

©# Very broad band ranging Trom 38 0 41 kD
-Mpst promiment linnd_:i are 1wy hold leliters.

R



e - infection as int the ease of Underberg (Fig: 4-1). The mn_lar protems recogmsed by the homologous . -

I R

o Fxguras 4-4 45 and 4-6 show A mwginale Barkly Wcst protems probed w:t_h anh_sera from the =
: A ma:gma!e Undt.rberg,fi mm:gmafe Barkl;,r West and A. eenrra!e mfectsd bowms TespectWel]r :'_

Table 45 Hists the moleculnr W ughts af the proteins recogmsed by de. diffésent anusera

,f‘-, - . . - -L\r

’i‘he Bari.l\ Wesl annserum reumzmsed fewer pmlems in the homoiugous mfeci.non {Fzg 4-5} than:_
E were mcogmsed b} ihe Underberg nnuse.rum in the’ homulogous mfecnon (Flg. 4 1) Protems we " _
' detected from dny 20 (Flg. 4-5. lane 2) No anhsera were collected befors day 20 wh:ch was when- .
| .the parasnnemm peaked Anubodaes tould pmbably h:we been detected earlier in the Barkly West

. anuserum were 114. 105, 89 53. 46, 40 and 29kD4 in size (Fi ig. 4- -3) nnd the s:gnals were of cunstam; '
_ mtcnsm I‘ he mtensm ‘ol the 93kDa promm munnsed sharply on day 118. thls commdes wuh the_”
. third re’Inpse of Lhe ':mmal \\hc.n 1hen. were detenmhle levels of lnapiaxma parasnes m r.he blood_ '

smenrs. 'I'he mtt.nau\ ut llw “‘)kDu prulem dccrensed aﬂer du} 47 hm: thereat'ter the sngnal rernamed_

U constamt. . . T e

Tt \rmgmafv Uﬁds:ri‘u.r;_. ——— rcuugmscd 1most ot lhi- A mm-qmr:?e Barkh West pmtems .
(8 i *4-4;.:111,1 lhu Nt prumms.mls r.lclm.u.d hnnd:. were 103, 75 57 5’? 40 and 2"-‘kDu in size. The !
LD.; prnu.,m Wi u\lrupul.t(:m [ I'n. bn.u\u.n 2u and 2 L.Dn i we !‘he %1gnnls mmnllv appeared_
©um d.n 21 witly the hud‘.rhur}, mtts-.rum :1 :;_. 4ok, lc.ll'll. #) and lhcre as A ‘sharp mqreasa in the -
-irltt:nsll\ of l.!n. Ll)n h.uud on duy Rl tlw;. 4 e ey 10} The pmlcms hemeen 33 and 70LDu were
: mon. pwmmenlls dt.lci.:ud Wil the Undt.rberg untlaurum thon’ sf}uh 1he humolagaus Bnrkly West _
* antiserum.  This 1s sinmfar W lht. lmdmg n an 4-2 \\hcre lhe Barkiv West nnnsern onlv wenkly -

" rl..cngmsv:d the . mmwrmfv ¥ nd:.rh«.rg prutu.lm in 1h15 reglon
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' gel} and’ lrt,.ltcd i3 ilescrib&.d lor Fig.4-1 but the -ilrtps were 1mmunobloued with antiserp collected

'durmg the wur% of intfection ut this I. mw'emaa‘e Underberg mlccted hovme Table 4-1a shows

which antiserum was usu.l for t,.l(.ll mdmduﬂl Yane, The arrm\s lm.llcute the molecnlar weight (m

b

.Q.

- F' ig. -l-l. A, mm:qnm!c Barkl\ Wu:l prmelns separnted bv cleclmphorests {on a. 7% -17. S% grndmnt :
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Fig. 4-5. A mamnah' Barkh Wuﬂ proteins Jmmunublalted \\uh anmem trom Lhe 4. mmgma{e' :
Barkly Wesl infected bovine, .. waeinale Barkly Weat pmtems at.paraf.t,d by elactrophorems {on g
' 10% gel} und weated as dm.cr:hud for Fig. 4-] but the- qlrlps were 1mmunoblatled with antisera
wllecu.d durm;__ lhc n.nursn. of mlu.lmn of the o1, nwgma!e Barkly West infected bovine, Table 4.3
- shows which uu‘.hn.rum ws tsed Lot t.m.h mdividual lane, The urro\\ 5 mdlmtu. tha{nolecular we:ght' ..

- (in an} ut the major pr(}u.m handh I o o .{;
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) Fig, 46, 1. muﬂzméh'. Barkly West Prﬁteins'immumxb'lotied' with antisers fmm l'h'e. A. céhirale
mfec{ed hovi mc . mwvmm*e Barkl\‘ West pmtcms sepamtcd by elecirophomsm {ona 10% gel) and .
treated s des.cnhu.d lor Iig, -5« bt the: SITips W ere immunoblotied with antisera i;dlected durmg the

~ eaurse vl infeetion Wl the: e cwnm!e ullwlcd hu\'lne. Tublc 4-3 ;,hu\\s W h:ch nntlserum was used'- '
for LﬂC]'_l mdn_:gj_un] lum.n The arrows mdlcnte lht.. moleculur \\ught {in kDa) of the ma}or protem_ .

‘bonds. - ' . ' .
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: '_TABLE 4-& Molenular welghas {in kDaJ SfA. margfnats Ba:kly E

: _ "serum fmm -I margmale Underberg. A marginafe Barkly West aula

[ -."'-

A, margmate Earkly West pmteins

qtpmtmns 1mmuuoblottcd thh '
4. eemmie mfected bovmes. L

_Seram

'F'rg. - S

14

Underberg Bal'kly_ W-_(!S_t s‘?El'_llll'l A ceurmtg. _s_erum."'.’
‘Fig.4-5 - .{ . Fig.46

ws
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e
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36

S

BN

29

%3

o Very broad b:indfrmwng f'rom 38 1o 41 kﬁa; .
- Most prominent bands are in bold fettters,

B



L

. oonmale antiseruon reognised fewer 1. parginale Barkl}' Wes proteins than the anfisera of the
| .thBr tivo rsolafes The' "munL ‘prominent bands recogmsed were ‘108 and 4lkDa in size (F,g 4 6)
1 The intensity of all the bands desroased shehtiy from day 84 (Fig. 4-6, lane 13) and t1 105kDa band. -
' decreased sharplv on 77 (I‘1g -t &, iane I'T‘J “The ]UakDa protein was recogmsed by the premfectmn'_ o

- annserum su lhe nmst h:u e beat an 4 I napfasma cross-reaclne annbody present bafom .nt'ecuon w:th '

.e-i cemmle

' ) anures 4-7 4 Sand 49 shu“ 1. mmm!e prolems probed with antisera fmmA ma:gma!e Underberg,
. mrofginale Barkl\ West and l cenipale mfected bovines resPectwer Fewer 4. centrale protems"'__ -
o \\cre delecler_{ l]mn in lht. 1o 4. mr:r'qrrmle 1sol£llcs Table 16 compﬂres the A. centmle protems

-rccogmsed Iy lhi.. Lnt'lc.rcm :mtw.ra le majur prou.ms m,re 148 !34 lt}: 63 37 and 31LDa -

l’he bmld mm!. pronmwml\ n.cubnw.ni b\ the llomalnc .;us tmt'.semm was lhe very broad band

_m the 40kDz regmn (i g 44 \\hlch way nlsu \cr\ pmmmem m the uther twu mclates The s:gnal '
_ decreased in intensuy. m PR mmgma&- Underberg and -1 margmale Bakly- West but mares so
A ma:;gmaie Barkh W-.,al tl igs, 47 and A-8).““The signal for mr.-. .:IB.I)a protem datected onlv by'
--f mmvnm.‘e Undcrb:.r}__ rr- duu.l..d tur a shurt pmud dm "1 o ut\ 62 (1'1g 4~7 lunes 3 and 6). -
. _ I'hc 148 114 ‘md ltl'\!\])‘l pmlt.lllﬁ wure atsr qu:u. pmmmml with the hamulogous nnuserum LFlg : _
4- 9} 'signnla sld.i‘lt.d tu.nppcar v day _3 {l g 49, lane :)) whick 1s,\xhen peak parnsuaerma cocurred Lo SRS
- ‘whereps with. +. :mmz:mdu !frlrkl\ WLsumd A mfvn.'ma!e Underbcrt.unllsem signals atnrted to nppear'_. .
' ot da\s 2 (Fig. -3, l.mu"’} aid 21 (l g, 41, e 3%, The mgnals f‘nr the. 63 ond 57kDa pmtems "
" were detected lal:.r on i Llu. mh.e.tmu on doy 76 {l*lg. 4-7 lane 8) by the o, ma:gmaie Underberg i ’
nntm.rum on da\ 83 N 1;__. 48, l.mc IU} hy the . mmgmaie Barkh Weqt antlserum and on day 42
by 1he ~i r.ummlv nnusa.rum 1F1g. 4 9, Jane ?) l‘lus increase in mlensm aceurrdd after the seoond-_

n.!ap-se off thc ‘mumil w lwu lhcm nere dl.lu.tah!u lc.\ :.l‘c of. hmp!mnm pammws in the hlond smears.

o

W
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' F:g,-{ -7 .1 eentrale prmuns unmunuhluned mth antisera from the A mmgmaéu Underberg mfected .
_ bovine. A. umlmll: }'lf(llt.l‘l‘i'i -n.p::ratcd by clcctmplmrcsna tona 0% g.cil and treated as desoribed for.
- Fig. 4-1 hut the ‘ill‘lp\ " L'ﬂ. mnuunublnn.ca. wils antisern eoflected during the couﬂlb of fnifeetion of
the A m;uvumh.- llndl.l‘h\..t",, mlu.n.d bm e, Table 4-1b shows \\Im.h antiser*.‘m was used for cach .

individua] lane. [he ur;m\s-me:!_lwlu the 1110!L.|:ulur-“mg:hl tin kDa) ot_ the major protein bands, .
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Fu,. -I-H. .1 en*mm!e pruu.ms nammnoblotted w :1h antisers lrum the . marg:nafc Barklv West infected

bovine. . centrale proteds s:.puralui by '..en.mrphores:a tona 1% gel? and treated as desetibed for

Fig. 4-1 but the sy were unmunoblotied with antisera vollected durmg the course of infection of

e d. mm‘mnair Burkiy Wesl mm.led bm‘me Fable 4- 2 1!10“5 \\'hlch ant1serum was used for eaoh :

individual Ia_m.. The arrows indieate the molgcular weight (in kIDa) of the major pmtclr_n bands.

T
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Fig. 49, . contrale protems immimoblotted With antisera from the A eentrafe infected bovine. -

A eenrale projeins seporated by elecirophoresis fon o 10% geh) and treated as deseribed for Fig, 4-1

~but e sLips W ul_'c'.nnmunubluucd- witly tlmiéu'm collegted during the course of infection of the

1 c-emm!'e inleeted hm'im. Table 4-3 hhu\\s whieh nnuserum \\us used Jor ench mctmclual lane.

' I'hu ﬂlTﬂ“b indiente che mulu.ulur W c.lbhl {in LIJ:U of the m:uor prolem {mnds

se
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. | TABLE -I-G Maleouiar uetgl-ns {m kDa] of A cummle protems 1mmunoblo‘ted wlth semm from 0
‘. cennufe 4 maﬂzmale Underberg and margrm!e Barkly West mi‘ected hovmes

R

A, cemmie pmtems

s o ' A. é_-‘gﬂ:rm&':'._ ...Undetbe:gseﬁ:ih- B_alidy West semrr_l
o o) csemm ) Hg 4R 10 Mg 4-R

BT
s s |

———

o \’er\ _hru"tld band ranging from 8 to 4 kDo,
© Most prominent bunds-are w bald lettiers.
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'Erythroe) 1€ protems were prohed wnh all the serum samples used end some mgnals were obtamed

o _-af‘ter eetended eaposure urnes (F:gs 4-10, 4-!] and 4= I"). ‘The A. magmafe Underherg antieermn" '

-teeogmsed 40 80 and liﬁan proteme earlv in the mi’ecuon (Flg 4-10, lnnes 5 6 and 7

: .eormepnndmg te da\s 28 o 47 post infection. The mxene:tv of the Bﬁk{)ﬁ protem band mcreesed o '
't‘rom day 97 (lanes lu to !e) when the szDn prmem wae first detected The A marginale Berkly -
- West anussrnm recogmsed a protem in'the 80kDa reg:on (Fig. 411, lene 6 to 19) from day 55-..'
. onwetds No protein bends were deteeted by the A, eentrale antiserum (F:g 4—12) The bnvi’nes were

| _Imfeoted with bjood elebiletes and eould therefore ha\-e mounted an ntmbudy response egamst forelgn'-' -

) bovme er\ throew. 8 pmtems

S

- Teble 47 shuws a uempanson ur the proteins reeogmeed bv lhe homolcgoue antisera of eaeh of the

: moiutes ’I‘he 1G53 and 4UL[)u pru!ems w ere wmmun togll liree 1eolatee the 5'&1.'511 prolem was also' )

-.cummon hul m g, mwwmde ISerki\’ Wl..sl the s1gnei was. very I‘amt. A. mm;gma!e Underbe:g end :

4. mmgme!e BerLi\ West had more tmmuuegemc pmtems in eummnn thnn oither isolate had with

'_ -l cemm{e . wmrafe had hlgh n'mit.euler welghl proteins (1-18 134 und IZ’?LDn) thet Were not . -

' dt.u:cled in the twa . ;mn;emn!e 'i!iulllli..'i Ql'lge 4-3 and 4-6} but wluch \\i'!re recogmsed by their

nnus»ra [Pn.s 4-? und 41

. .fj
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2346 6 78 9101 1213 1415

L T

.Fi'g. 410, Uninfected’ cr}‘LhreM’le 'Pl‘dtems. 'immunoblouéd with dnlisera. fram the A "marg'male_ :

{-Tndcrhurg mleeted -l'm\'im.' Umalected vevthroevie prnmns separmed by LchlmphDrl.‘.SIS (ona ’I%- '

1. 5',4: ;,r.ldtm[ geb and Treuled o dt.ail..l'lhl.d lor I tg 4=1 but the sirips were :mmunoblotted with

anttisern vollected dunn[;. the wumu fpl' m!:.n.uuu of the mm;enmlu Undurberg mfectad bovine. Table

4-‘1:: shows which am;at.rum was ust.d mr Luch mdu ldual lunc. [‘ha arqu mdmnte tha the molecular_

" \\alghls tin LUM ol 1lu, h;mda
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Fig, -Mi Umnh.cu.d grvihrocyie pmtums tmmunublolu.d W uh nnlwcm l‘rom the 4. mmwma!s Barl.lv' )
- West infected bovine.- llmuh..uu.d ery lllrm.\ e pruuzms %pamwd by eh.clmphorcsw {on a 10% gel)
und lru._a_l_li..d as dt.hy‘.l'll’)l.d tor Fig. -] but lht_: slrlp,-e were unmunublnllcd with entisera collected durmg
the course ol infueton u’l’ e .1 arginale Bufkl\- Wesf inlected an:m:‘ --;f‘ nhie 42 ghes which
antiserurm was used {or euch. md:\'tdl.mi lune. ic Brrows md;unu. the posttmn of the molegular walght

."mar}u.rsunkDa} I : R _ e

g

A
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| Fig, 4-12. Uﬁﬁil‘cctﬁd erviiroeyte ]‘l.t'.ﬂl.t..‘;lll"i uﬁh‘iundbluﬂcu with antisera Trom the 1. centrale infected .
-'hmme Unmtm.u'd ey lhrus.\ te pruu.m-; s..p.nmu.d bs. :.}dbtrupharwts (on 'Y l(l% gel} and’ trented as
. duscnbul lurI ig. -1 but the 'slllrh were lmmunuhiult:.d with antisety milocled during the course of .

infection ol the oL contrale m-tu..u.d hov mne, lublx. 4~3 :shu\\s whigch nntwerum was used for e:ach

. inﬁi\fi_du;il lape. The wrrows mu.!u:utc lhc {10'511.1011 of the 1mi:.culnr wclght markers tin kD),

82



o 'TAsBLE 4 7} Table compatmg A, mmgina!e Underherg,.«'l mafgmals Barkly West and.d cf!mm‘e
_protem mclecular “elghts (m an) recog,msed by each isolate's homologous antisers,

Ve .

A murginale | A morginale Baskly | A: cemtrale
~ Undedberg . | .. West e - L

148
134 -
17

s o | o aes o s

97

B . L —

B T

A P R

# i.nnt \tg.mlh '
# Vury broad hnnd mngm&. from 18 ta 41 LDu
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44DBCUSSION . s

The kinetics of antibody produstion in bovines infested with 1o A . marginale isolates and A. centrale -
was studied over. o pariod of more than 3 months Serologmal cross-reactmns hetwaen these -
-inaplasma 150121.55 were also shown in this study. The major Aﬂap!asma protem.s identified with

. bcvme nnusera on 1rnmunoblats -using ECL as the.r del.ecnon system, were 22, 40, 46 76, 82, and

lUSkDa in size as wéli 8s protems in the 51 to 63kDa regmn whxch vaned between the A napfasma_ '

-

.I Prateing and antisesa trom:l mwmﬂaie Underberg. d. mm;emale Bazkly West and A, cemm?e cross-
reacted w uh eneh uther However. unnbodms developed later dunng A centrale infection and did not |
' react W uh as umm pmtmm us the tvo 4. Jnargmn!u umlau. anusern Durmg the -I o;-emm!x mfectlan
anubndm -iumed teh uppear ot day 28, a fow days ui‘t«:r . cunrale. orgamsms were t” Tt detected in

_the blood smears {da\ 21 \\herea-i in the caae of A. margmale Underberg both antibodies- and e

parasites nppearad on-day 7. [hns suggﬁsls thnt A. centrale lnduces a lower leval of anhboums than-' '

: the A maremais 1mlutu: 4. edirtrale. W hn.h iy us&d usa h\'e bluﬂd \z.ccm:. agmnst anaplasmosm in
"Saulh Alriir, pmdu-.ui mlldt.r dlwuse ¢ mpmmb and mduues a lower antibody . responsa tbnn-
A mcmwmm Undcrherg and 1. mw;s,'ma!v Bnrkl\' West: Wilson- et af. (1980 fuund that. a good' o
"anubud\ rc'spuuw Wils rc[atr.d 10 rl.**nalanuu 1o \.lmllengc \\hmh m:ght e‘cpln:n why the 4. camm!e

_-\*ncc:m. “does nut nl\\n\' ]nu\ wle uduquuu. pmtemmn nggwter and Van Rensburg, 1983)

LIt s difTieult to identify one protein 1[1ui cras-{«re:icls with the sera of all the iselaies for the time

pmod m\‘e-su;__alud bup ;-.ul.tu.—-qn.cllm and ﬁuinte—cammon protems could be identified. In A, '

marginiale Uudcrhc.rg the 86. 73, 51 and na.peo:a!]} the 32. 28 and ZGL-D_n_ prptems are oniy nj:_gogmsed :
by the homologous antiseruin and scem e by jsolele-specific. The Underberg serurn does not Cross-:

. reaet strongl¥ to uny protem ol the similar seA¢ in all three isolates. In the Barkly West infection the |

J6KD -pmu:_ﬁr.. amd'li._:r KR c-_;'fnm'a'!e'_ the J0%1)a .pml‘t':in.;u_re bath strongly rcctagnii#cd by ih& Underberg .

antiserum, - -

A 22kDa h.md 18 -\lmngi\ n.mg,maud by the A. murqfna!e Undcrbcrg antiserum 1n'bcthA mmgma!e_' '

-' Underherg and ., l:lmn,rmc;h' iim‘kl\ Wesl lnf'cclluns. thus u proten of 22kDa is presenl in Barkly

‘West ullhcmgh thu Barkly \r\'l.\l untiserum does not appear to stronply tecopnise: 8 band of tl'us size. .

Thus in A, mmmrm!v [hrl\lv \R‘cst the prutuu with cmss-reactn‘e cpltﬁpes 1o’ the A malg'na!e

Underht,rg l.Da pmu-..m rnl.u.l be of a dilferent size, In the d. centrale e\penmeuts the smaller

. proteims ran off the gel so the 2 2kDa wos not deteeted, This '*ELDa pmte.m may be equwalent to the _
' l?kDa protein identified m the [leridn isolute, w hlch was presﬁnt m ail isolates of . mm;g!nala in.

the U%A Israel and ?:mhab\\e ﬂlsu . cemm!e and I avis. Thls protein shuwed no size varwtmn :

A



. 40kDa protems bemg the most promment. _

o

between the molates and is currently bemg studwd for its posslble role in immune proteunon agamst "

anaplasmoﬂs and its’ use as anugen ln semloglcal d:agnos:s (Vlsser ef al.. 1992)

o A. mmgmafe Barkly West the 92 nnd 29kDa protems are only recog,msed by the hOmologous '.
. antiserum and the 92kDa protein mcraases m intensity only-after the third cyole of pams:te replleatmn
m the ﬂmrnnl The 105,33, 46 and 401.Da pr»atems are common to all the xsoiatcs with the 105 and

A xpemes—specmc dnagnustlc .msav f‘or -{ cemmfu could be vew useful in detenmnmg whether o

umma]s huve antibodies ngam:st lnapiasma due to vaceindtion or due to e\pasure to the dnsew: in
the m.id Untonunuteh we have dctccied no A, cvmmle-spec:f‘ ic promn recogmsed only by the .-

homolu,s_mu:. unuwrum Hn. ]US B1.63. 57 and 4UkDa prutems are common te all thrve isolates

u.sted. The 40]-:[.).1 pmlr:m was un. most prommt.ntlv recogmseﬂ' antibodies for each isolate pers:sted_ o

dunug the- nourse of the mlectmn with the. homnlaguus antlserum but deereased in the case of the .

heteroioguus :musern, ._Ant:sen tmm the. 4. centiule mfected ammnl were onlv cnilected up (o day o
9% but up 1o days 125 :md 160 lmm thc Underb..rg timed Barkh West mf’ected ammals., thus.the level

ol al_nlb_udu.s from ., centrate nght alse dl..bl‘_'l.hlst._.__lﬂ_d .s_uml_nr fashion. T hgn._l_nre the 40kDa prOI.e_m :

\\'nuid pmhﬁhl\-"ﬁm lae u'%(:['ul as untigen 1 dotection of i:mriui- u'nimuls'bécause-fthe antibody levels -

mlght be tao low or uununl]\ dlauppulr Ho\\'e\ L.r it mlghf. pln\ 1 role n protecuon. .-1 cumrale-

. lmmumsed mnnala are protected 4 g.:m-st 4. mmgmai’e ml'ecuons und chele etal, Ll991) found lhat-_ S

prott,cllr.m mrr:.lm.d to anltbody nlret Int this -nud\' the majority of anttbodqes rencted with protems

in the 40kDa region tend it i pussible that u -,.rum-prnlmti.\_'e protein in this region mlgb.! be 1de.nu_f' jed.-

U;h‘iné ehrnmagen_iu %uli-atfiucs. [ﬁuéin»c in-the [{b] 1:5'91'- -i’? 1o 38 and "7de 'regions' 'LAdams etal;

19867 Adﬂim vi wl.. ]‘)89: ot only m lhr. 8w 4ULD|I n.gwn {N‘ll\umura ol al., 19913 have been

r-..pum.d "')lllul v el ol {I‘J‘)lr wsed 2 -aruu..ln Ao deluct Im\'me anubodles whlch was a more’ '
] |

sensitive Llcli.l..l!ml nu;llmd amd aguin.the 33 10 36 und Sﬁkm were Lhc mallnr-pmtems identified. The . '

pmlcln-s in the 47 10 38 (Adams el ul.. ‘J‘ﬁ(:} wd the 33 0 'i(kl)u {‘shl\ap # al., 1991‘1 reglons are

thought to be a.qun ul-.m to the 161\[);1 prumn identified by mmunoprempnauon with both rabbit and
bovmr.'. amusn.m Ll’ulm:.r ..md M\..l :tun. I‘}EH Palmer &t al.. I988h} Protems in the 401».[)& region that '

. were \Lr\ pmuumm h\ m'smum: detection . thw stady ure pruhahlv u]m equwalcnt to the 36kDa

prolem nt lln. lJ‘uA Tlmdn mmlnw of . mm;emr:!e Fhis 16&1311 prutem bears Bpuopes hlghly"

canserved amaug d£. umr;wumh* 1“1[111&5 rmm {amd K.Ln\'u and the U?A {Paliner at al.. 1988b). Tlle.

_ 86kDa protein idemilied by l?_uhm.r eral.« 1988b) in bovine antisera from many USA isolates was not -

 deteoted in the South Alrican 1solnte studied, bit proteins mngihg from 75-to 97kDa were seen,



Tha 105 and 4ﬂkﬁa 'protems were recagnmed by bolh -I malginale Barkly West and A. cem‘rale to

he spemes-common protems and have been shown to mduce sbme protecnon in t.]‘ge Amerwan molates - .7.“‘. :

": {'Palmer it a{ 1989, Palmer ¢r al. 1988b). Thev are good nandldales 10 study further for use as .
ant:gensm an zmpro\ed qeralogma[ test, Another posmbd:tv mn combmanon of the two.-l margfnafe

" Underherg t4o and 461.Da) prolcms._ -

. 88



 GENERAL DISCUSSION.

© Various nictliuds i\-érc emploved W compang the proleins ut'-sit Sauth African isolates of 4. m&i'ginals '
and 4. crmu-ale All the imethods sho\\:..ci that there ore Common and molate-sl:emﬁc proteins, and that_ o
B ' comnon epIIO]'ﬂ.S vesur on pmtems of dlﬂprem rnolecular stzas o
Es L :
' Poh'ﬁlunnl r-:bblt amtsem d}:.nltISe ‘i eenfmh.' nnd A mmgmaie were used to mlmunoprempltate -
'rudmlubeﬂed mapfamm 1':1';Jl.t=m~f Commun proteins were preclpl'tated but several protems were
.dtttergm betwean the iolies. The commion pro(c.in-, u:lenufied by munumprempﬂatwn (1‘;’4 148,

105,75, 63 and 42X were similar 1 tose which were’ tchd with the USA Isolﬂ.\ } Palmer and

Mcf.rmm L1U8dy nlmuln.d projeins w ik muh.eular \\eu:hts wf 103, 86, 61. 36 and SIkDa by o

: :mmmmpremplmtwn mih ;uhhlt anusem prepared in n. mnnner smmiar to the rabblt antisera used in

' this stud\ Smular prutclm \u.ru ;dunuh:.d with rubbit armsem madc agnmst the lonal 1sulates in our .

siudv llrm.r uud Niuu um.. 50 lkin prm:.m cuuld be equiv dlem 1o our 63kDa protem and thmr 36kDa S :

. _cqui_\a]r.l_tl:-lu our -l?.LI}_:(. __t J\\un\_;u_a_ 1!_:1.. :_'f..au..uon ﬂl_l.lu.. [u3. 75 .uu_i 12KkDa pmu.l_na_“_‘;th the contrt_:l
o ﬂlbhll :ll_llliﬁ.t_l"ril--{hn Lesuils “'n':_r.u dlzlﬁ{t.-‘gl.lll tc}_ in_wmr_‘et_.ﬂn_d-.su-i:ﬂurﬁal_i\'e approdghes _'x"n}:%re ckplored. ;
Imniﬁimhlutlmg'\\':Us :iuih-n:ra'f ﬁleu nganstd. airw;@ﬁmlv Undurh&r;: was usuti' to yhoiv immunogenic_ '
i dlfll.n..nt.(.h .mumg e mnpr.:mm ssolwes, The o nmnuslau.zlm antisera umu--%ZU and’ anti- SZU)
“that were pmdumd dul fot recoghis, Anaplosma commen t-pllupu: Antl-S"U ondy reacted weakly )
-“nh pmtun-. ot d. mm;enmh' ISarI\l\ V\a 3 and Escourt and not at a]! with <. ceitrale, and anu-42U -
 did ot renst with Utese three lsulult._.s.- :\_au-_szu_ gnd anti-42U crms-r_cucltrd with pro_rems of varying
"mél_ecul;:r' v.'e_ig.l:fi‘ts_ in lhc-lwl‘.cr_-.r[.ug.c.aus_ isoliles. This confifms prev_i;:ﬁé repqrfs_that _.-Irtapfa;'s_'ma_

proteins with siivlur epilapes sary in sz (Oberle vz al., 1988 Melinire er ok, 19895

" The Kineugs of antibody -production by bovines inlected with . naplasnra and serological cross- -

reactivity between -I;kup!imu'u wsolates were tavestigated by immunublutting - The majar oommon'

protemms betweuen ., uml:l.'umh' mdcrherg 4. mm*gma!r.' lhn.h Wost. ,md-! cen!mle had moleeulnr: o

\\ez,:ht-, of ]U). :?7 .md 4”1\[)4 the 57kbda pmu:m :.ha\\mg telauu.l\ wenk stgnnls‘- A. centrale
confers a degree aff prolection u;,..unst L. manainale snlectmn 30 e of these protems n-ugh( be of '
ImpUrlance in the pm:ullun ol l'm\ ey, [he 1{15 and .s(:kDa 1probably l.qun'aicnt to 40LDa in this -
sludy) ol the Florda tmi.m: havé been shown o wntmn nv:ulmllsmg-at.n:’.lme ¢pitopes [Pnlrner and

Meguire, l‘J}M <b. ey )] nd;.rhen. -.]m\\ ui several hulau.-sp;.mnc prﬁtnms \\hereas;ﬂ cemmfe.
] .

\;-

: -almmd 1 lhnlllll.*spcullh: prnh:ms

A7 -



o ls}.no‘.\'n thntUSA tsolates of d. mmgmale d:ffer in morphology, protem struicture, ant:gemc:ty and. L
m d!bﬂlh' to mduce cross-—protecnon (Palmer ¢i al., 1988a) Tff:s study conﬁrms that the. ant:gemc :

protams of lhc South Atncan isolates of 4. ma::gmal& as weill as -I eenmz!e also dlffer. Becausn the

&

1solntes ditfer tu u.rlam degrec itis 1mpormnt {0 take mto account all the puss:b:lmes when lcokmg s

_ for cnnd:dme epllopeu for aubunu s’accmes and nnngans far sarologmai tests.

i

: 'It ia dufﬁcu!t m niennrv une protem timt cross-reacts mth the sera of all thc isolates f'or the t:me )
- pencd m\'esnmmd, but the 22, 40, 46 76, 82 and IUSLDa pmlems« al! oceur- m at least two of the )

- thrge isolates and .fmt:_qums are still prevalem in th um_mals mfec_ted with the rgspechve ;solates_ long .. -

after infection. It is shown in chaptér 3 that some 4 nap.lasm'a proteins with similar epitopés varyin - ©

dize, 39 1n t]us study w ﬂ.h the hm'uw antisers only umas-macllng pmtcms tit |den11cul 512.’ cauld be

_Idcnulwd I muql be Lu.-pt m mmd lhal thu imnune response of nn]\' one boving per 1solate wms

* studied: mure .unm.als should ln. W u.u;_..m.d tw :.unnrm 1hw, rewil.‘i und morg isolates shculd be.

moluded m lhe m\' anguuuns T hc. prumms memmm.d above look pmmlbmg for Further 1nvest1gatmn_

“ and munuapeo:ﬁc Imttserum ur. Ve heuer. monoclonal anubedws should be made agmnst them fo . _

. >Iww wm.lusu iy the relatedness of the pmu.ms [‘JEI\\ELR the n.ulat:,s. _'i'he pmicms should be better

'_st.par.ncd s \\m dum. mth l]w -mkl)u n.gmu n a.hapu..r su that a]! the prutcms ean be sludled

' :_scpdmleh i\'[unu\.p;...m» or nmum.]unai antibodies et hc I.lbt.d ta s-..reen u\usung DNA eapressmn': ._

libraries for Lhe cudln,u_. n.;__m:h ul’ Lhw. pmu.nm i3 nrgt. nmuunl-f of prolem can be obtmned when

: cloned &v.m.s are expresséd 10 ani - vitra sysiem ﬂnd. the spu,ﬂm prmems onn -then I:us used in

pmtc-.uun alud:ms ar as g ten n sero lm_.n..ul diagnosis. This studv !m s the grnurd\vnrk mr further’

_ sludw% o !ur:pfrnmm prulv.nh uls l]u. Soulh Alrican lsolnlt.:s;
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