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Abstract This sty cxamined the vt effect of scven
different svnthetic peptidy! membrane-imteractivie mok
vithes [Pepiadvl-MIMs) on sporseoites of e different
species of Fimerin imfecling chickeos and merazones of
e alifferend species than nlise chickens. All Peplidyl-
MIMs iphIhs demonstrated antparsiie elfecls at
concentritions of 130 pAS during incubation periods
varying foom 1 oto 200 mine I adedinen. clectron micros-
copy showed Lhat ultrastroctaral cdegeneration of the
pellicle of sporoesite stames of 1he parssites cocurred
within 5 160 min of cxposure 1o SpA concentrations of
three different phEMs. Pore-like openings wens seen in
e pellicle of the sporazoiies al the ulrastrastiomal level,
which indicwted that the phibds had the same mechi-
mi=m ol action on the parasites as that reparted Drom
stuches dose on bacterin. A reduction i lesion soores
was snen in chickens treated orally with e 500 or
Thad concentrwtions of Pwe dilfcrem protealyie sti-
bilized fmethvlated p pMIMs alter challenge with three
dillerent species o avian coctidia in batlery-cage rials
Collectively these dam indicate thar pMIRs may he
wselul in the conirol of coccidioss in poulies,
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Introduction

The comirol of cocomliesis, an intestinal disense caused
by Eireria spp.. has been o vital component i modern
|'\-|,'-|,|.|I,|':-,' 311-:|-:||,u._'1i|:-|| prioctces. Use of anticoceidial com-
pounids, wsaally mised o the Teed, has allowed the
rearing of large flocks of chickhens in groscont houses
with little or no effect on bind pecformance by the par-
aEite. Flowever, incresing reststance of coccdial species
o all antivoccidials cleared for use mothe peuliry in
dustey is s posing a threal Wiy practice amd has the
potential of productng o catasirephic ceonomic inpect
on the poultry medustey (0 hapman amd Hacker 1944,
Beciuse these medication programs may mo lenger be
fully cileetive, alternative methods for control of avian
coceidin are sorcly needed.

One approach Loward amproved control of avian
coccidian may  be the wse of syathetic analogucs ol
amtimicrebial peptides. auch as peptidy]  mcmbrane
inleras imcleciles [ Peptidyl-MIMs: Demeter Bio-
technologics, L. Antimicrobial peplades are consti-
uents of the defen=e systems ol all animads and plants
{Crabay 1993) and Torm pores in the cell membranes of
pathogens, These pores allow ton diffusion across the
membrane and eventwally cause lysis of the pathogen.
Svithene snimecrobil peptides ove demonsteated [yoc
aclivity agaimsl a -.':_||'i\'l:-. -_-j'-|||n|._|:n.:|;:|'| Pubraspes il acs
el al 1988 Arvowodsd cf al, 1991 Bare ¢l al. 1995) and
can be enginecred 1o enhance thear specilcily

The ohjectives of the present stody were (L} 1o
determine whether  newly  adesigned  Peptidyl-MIMs
(MM wounld have o Ivie efloot on sporozones and
meroeoites of Freria spp. that infect chickens, (21 1o
examine changes cansed by pMIMs at the ulivasiooe-
dwral level, apd (33 o lest the potential of pMIMs in
controlling Eimerio infection in chickens,




Materals and methods

Peplily] membrane-m leraclve mwoleculos

The phIE nsed i those Cria mne s in lenglh
aind were synihesized and pririhicd as presioosly descn bsd £ A Troow-
ampl et al. 193 In brecl, peplides were synthesived on o Biosenrch
Sam 2 pepislc -].-nll'u.tu:q.l HETHE MEBA 4 mlhyl benedaydral
e ) resin with g CO0Mderminal amide. Peprides were porihed
by high pedfommance iguel chrom@tography (HPFLC: 95% or
R ) |||||i|l.' s achievel | R 1% mnlecalar wa_ﬁ:lrli wal Ll
2627, 10§ Landn, 12
A el 1 4 N Y I I L Lad PIE
1 ‘~-1I'I Sk |'|h.-1E‘.-'IL I“JI"II'I.-'I ancl 11¥1 were stabilizecd by methylation 1o
grevent prodeolyie dhgesbion proasr o Usar use om vivs cxpsen-
menis, Aler stahilization the lods psed Bor soch capeimenis wese
fimst werificd W byae sporogonics cllechvely mo vitmo, Pepdubes wene
dimseslam] o phosplote-haflered alise (PRS) wopplomentad 03%
glucose {Sabine Al toomake a 308 stack selution, Pepticde sole
Rugnrd wiere clesprersed on 205-mE alsgoo s poned weee slored an 20707,

I wrlrin stucdses on Dysis

Allddutioms ol the stisck pMIMs, sporosoles, and meresales were
mande i Saline AL Spodoe 2ol Foreiy rNrﬂ{\:.lln’.'lm"'[l"“l’ isasliti
F20 & fwrvmeed (PR im0l 51), i (PBEL solie w5
L oaccarein (PBEL wola Sk and & fewe e PBEL solate S0 wen:
Freshly excwvsted (Patdan and Brignan 1979 Merooiles were ahe
pamsk frcshy Droem s el Do o ielected chehens Oenkoas aml
Teime 19RT7) Approsiogiely 5= WP sporossites 0r mieroslss
were cldied Ly 0.5 ml prowarmed pbAiks (3T 707, which was
shahen pently o mas, and S0-pl samples of cach teabiment Broage
woere examinod mcroscopically al 5, My 2k, or 30 min. Yisoal as
satmaniuzn 4l kil-lllu.' of e sampli wans soosdd lroad 1 Lo oas Dollowes:
B o killing was evickenl, and all parasites within the sample
apitred mornl, 1 less Giaue 3% of parmales wene kalked,
. .p:law ar i shrivedsd apped i, whercas ail
.||:-pn..zn.l.l nearmal; more Usam 50%% of par Nowere
ih-::-ull'l:-l: st | 'IJI)\. gl O shrivelsd PG,

kil
wherens somee ol those remaining appeared ks mesdile and less

refvactibel 3 all parasbes wens dead. showing micmil desceplion
or i1 shriveled appearance; and 4 all pormsites were dead and mony
exbibated Lolal mermbrane desuplion.

Sporoaites ol e fwe spoises of avian coccalin were pested
oymimsl pid Iy [IIE, EIDZ, 2000, 4151, SO0, and PIE toodelemine
which were the maar ellicacions o Ralliog sporoestes, DIPLM Lll-
iy, af & acerwding, K owaiow, andd F feedla wees assessed dn thae
same e privl el wens alilutad to eonocntrabons of 1. 5 MWy,
z ind S0 A Mersesdies were nhinined Trome B aeervedioe or
F deveefta aml woere bested agmnst 1 o b, amd 25 0W coneen
trations of the six phaihs feaclucding 1P

Blaimon mnseroscapy

F el sporsseates were prepared we desenbod above and 3 ¢ 1P
:x;uumcl I |'|MIM£ TT¥1, 4000, and 5070 I:'-‘|-||.i.l |,||:-'||,'|,-r'|l:l'.|l:k1||:l
L b=l el 20 amEeevals, They were flined wath 2,555
i lddelyahe i 000 & cocasdylare hulfer forr | b postlised in 2%
st fetrosnde | dehydeated inoa praded semes of ethianel, and
e beddid i Bpon 51 '1-"|I.I_I.'JI\|iI"Il.' et als 12, Al spocimens wens
prclitined avernight with (1% iyl oo an MG cthanal a1
470 dunme e debvration penilure, Specmmens wid seeiusncd
sl vicwsd wisber o Phillips 200 electron microscops

In vivio stuclics
Eperiognond

Bremler chicks wore dasmbed tnls proups ol 1 per s il 14 diays o
ape and were assigned oo the fllowing trenteseniss unchallnped

contrals Ak, challeossd controls (r 200, amed chillenged
pM AR reed birds (s 10y, €hicks were challenged with 30,060
viseans ol & tenelfior TN ewcysts of B eeormmdfiog o [ ml waler
|'|:|.' ol e |..|I'||'|'|:|||L‘|1:|:|,11 ehicks were miven 1 omld waler axa
vontrol. Clicks were held Tor MEman aller challenge, were siven
I il puld phAIng 1¥P | M orally o Toml water = a comivsl, aml
wore then inclividually weighedl, At the end of ghe experiment
[ by pestmlacion), chackens were wurghicd, kibhed by corvecal
dislewztion, and sxamined Tor intestinal lesions Clohnson amld Bed
(KNI

Finpreriorent 2

AT days o age, broiker chicks were divided into groups ol fve
in siv chiks per e and treimends were chmdomiy .wigru.'d e
wiges, wills e 5 boing wmed per ireaniment, Feeatment
proupre inclisbed  nchallenmad contral clalbenpod control, un-
challenged ph D% -iren and challensed ph M drenied chicks,
Llillenged proups wore given 1-ml |I||.|l:|-.|l:-i ol LOLCHNDD apmeysts off
I vecaemg i Saline A v o e .|k'|:|,||||,l|l'luc\;| THCHIEE W
prven | ool Salime A b aral gavaee. Tresimend dases were 102, 25,
Sli-, gl PR-p A corgentrations of pIM 11X Salme AL Al
chicks were held for 50 min afer choallemge, were given 1 ol
PRI o 1 oend Balise AL wml werne hen |1|-:||'r.||.1u.|!|} T\'\.Il..,ll\.':l At
the: endd of the axperiment [« restinfection), chickens swere
wiiphed. Rilled by corscal dislod nincd [or imdestinal
lesions {lohnson and Red 19705 Ulseilazied tremied Inseds wene
wninnined for any Lissue ahpormality, sign ol Woxicly, «r imestinal
dlamape:

Salistice]

amalysis

Rueselts of in viva experiments were anilveed by analysis of van-
wiws vy Doogan’s mullple rmge-test (F - OU5) for brea el
vflicis on the percentage of hody weinhn pain possindection, Geod
conversion., and milestimal or cecal lesien seores.

Results
Sporoeoile lyses

Al seven of the |'|n?\."|”ﬂ:s tested were effective in l_‘.':’:-il'll:
sporozoltcs o up o fve of the differemt species ol
coccrdn tested (Table 1. Sporozontes were shoveled in
appearinee or complelely  disrupted (ghosts). pMIM
T3] was st elTective apamst all species, killing the
parasites within 5 min af concentrations of 1, 5 amd
T pdd . Other pMIMs demonstreted varibility in thei
Lvtic activily amunst he soveral species and requiced
lunper incubaion periods e destroy Lhe SPOreEaiies,
For example, wheres 50 acted quickly against Eimerda
hreanedtd amd & desedfer, 200 30 min were :|'|.‘:|.||.|.i|u| fer ol
ficawy aowmmst £ ecervadivee |, FLornexinng, and £ necarrsy
{Table 11 Anmerease in concentration above 10 pM did
no neeessarily increase Iytc activity, Emeyme-stabilied
mcthyltod phEbds T2PM and 1D were no less eflles-
tve in killing parasites than were the anstalalied
phIIM s £ geerveling was somewhiat resistant o [ysis
relative Lo the other specses, and complete Iysis regquired
HE 20 mein ot nearly all concentrations of the pMIMs
tested. EL seeelfer, i contrast, was readily beaed by all
M Lested.




Table 1 Time untl compls

lwis al sporasaite by e Puplidyl @ onsantration (A6
phATRs a1 = -
| & 1o 5 A0
Iommerir vyermidiag (WR] b L} 10 s 5
1133 Ny 1] 1 5 5
21N 20 1] 5 b ]
4151 Wi ] n 2 LR
hA| 20 il Ml 1 1
PIE LR L n 20 il
s 20 ik 5 E H
I bomencdii 111 5 k] 5 2 i
122 5 5 0t > ]
BB ]| * 5 5 -3 Ll
411 5 3 b * )
w0 5 i 5 5 3
PIE 5 5 5 =1 1l
I pravig 1130 = 3 b 1 il
1 L3 5 5 5 L
e | 20 L A 3l Wt
4E1 3 5 i} M
b o | A Fit 4] il ]
PI1E 5 5 5 5 M
THPI N &N Wi -] 5 5
I meraieix 1] bl 5 5 5 b1
[ a0 A i m g 1)
(b ]| 5 5 ] 5 1]
k1 5 5 k] ] L]
b | n 2 N i . [}
1l A4 1] 3 5 3
£ sl 100 5 & k] m [
132 1 5 5 ] M
2 5 5 3 k] e
4kl 5 5 ) m 2
N | 5 5 k- ] M
P1E 3 A & it} Wy
[BIO LT LRl In e 5 l

“Ramples wene checked at 5, ME 20, and 30 men alver the addivon of phaIMs, 15 complene killing had
mofb oecarred 3l M oue the Do was indicited s b min

Merozoite lysis were szen in other specimens ol sparasiios ol these
same L p{l'i]ﬂ:.‘ [l"'i:._'.. 31 ¥er onther spososeites had lost

Ferrervling and E. tenefle merozoile Iysis was acheved

mest elfoctively wsing [- Lo 5-pW concentrations of

pMIMs (Table 21 Fhigher concenteations of pMIME Table T Tune untl complets lyvss of merozoites by phdIhs”

actually mcreased the killing time. Like the sporosoiies,

: el s Spedics Peptidy]l Concentration {ui')
e mcrosites of B acervaling were kess sensitive than MM =
those of B tenefle 1o Tysis by pMIBG. i 5 1 18
£ oacervatore. 11H A 5 i i
. 12 In 5 Jini 2H
Electron microscopy 2m 11 TH R T il
4l RLAE] 3 2o EL
Liws ol sporoeodte membrase continuiy was seen ul- ;‘fi r'. : :L": 3:::: :::'
trastructurally at 5 10 min atier incubation with S.paf ; o
comcertrutions of pMIMs $C1 . 4E1, and 1D (Figs, & fac H;,.I. 2 2 & gl
[-31 There was o clear diseapiion of the triliminar 13 4 % 5
membrane and degeneration of mitechondna (1 aE 1) 5 5 i
amil, i some spocimens, CYLOPIST WS S0EN CsEipimg 5600 3 5 20 3
PIE K 5 m M+

Fromm the sporaeoite through a pore-like openimg in the
. Il 1 ¥ T - i - = .

membrine n"]IH'IL il 15 —_f- Drtaghment ':!1 th: __"!'"E_fr *Samples were checked om0 3, 10, and 2 man aller the wdditeon ol

layer of pelhck: was SEET) I SO sporoeoites (Figs 2 auiiMa 11 comploe Kaliing fad oot occwrmal ot 30 min the time

L-i.lTl'.'i.' vacuabz, somnc of which were membriane-hound,  wos indicaed as N min



ER R

moest of their intermor organelle orgenization aned were
hecomimg ghost-like m appearance (Fig. 45 No parasine
wag seen in kier-incubaton-penod  samples fixed Tor
clectron microseopy, imlicating o complele ultrasirue-
tural hreakdown of ihe sporasoites

€ hicken stncies

Treatment of bromler chickens with o 2508 concentra-
o of phIM DPEM al 30 min after challenge with

- (@

o avervading or B renefle resulied in oo sipnificing de-
crease 1 he besion scores associnted with both species
{Table 3 as compared with challenged contrals in ex-
periment | Lesion seores assoctaled with £ savivw
were also sianificamly reduced in expeniment 2 when the
chickens were treated with o [kp b concentration of
pMIM 1D Takle 430 Higher conecntratinns of phd [M
100025 75 pAd pdid not consistently reduce lesions for
the £ maxien infection celative o challenged controls.
Weghl wauns and feed conversions did non dilfer amaong
treatments moedther experiment §or experiment 2 (data
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chickens fnwsm s

Freatment " Lesions" Tioudy weizl ek "o L
Cawal Uipper winning End

Ulmimdueetd eontrol i [ oL arF 511 S50 4 48" 67 o4 1t

Infected control Ll 24 4 et jar o+ 0" 1L | &3 4 48" b -

I i 1.5 | ol s+ o3 ok I b 4 o

shiding acile from
lerent Bellersare sip

seam miletigm ] lessioms were
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Mlenn vilues wellun o i

Fahbe 4 Pl ol pRAIM AT gives 30 mu aller mlocton o the soverily of mdcetmtaatl i+, meep v i broiler clichens (nsns
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opoemiratiaon M Eisicens”

Hawly wi suin ok

ieef 1o 4 d {severe o)
rrenl 68 < ELE

R R
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L ipnfecied comtrial qin
Inlected comtral 29 1 07 i
T e T o I I L |
Al 14 1 o

a5 vt it
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le Froan

Caross el lesions were seoned oo sbding

mol shenwn ), Mo pross organ-pathalopss clomge wis scen
wilh birds that hiad been treated with pMIMs al any
Ol e LI,

Discussion

MM were highly effcctve me killing sporozeiies and
meroeiles of savien coccidin, and vliestrucieral obser-
wvativis an the sporceotles showed this to be dus Lo
disruption of pellicalar cell membranes. [noaddition,
administration of pIMs 1o chickens elfectively reduced
lesiom seomes rocondod Tellowmg infection Tor three spe-
l:il.':i I_’II v i;lll I.'I'h.'l."illiﬂ.

The evivcidal effect of pMIMs on Eimreria spos
cunites huts also been seported Tor synthetic antiniero-
Taal peptides acting on ether prodesou, Simila peplides
have lvsed  Trypomastizotes o Frepaiososie orbiz?
aynes o al. [988 Barr ot al, 19935 and reduced
rvprospridion speroeaite vinkiliny as measureel By

prrospicinm wodide  staining (A Trrowooad eroal R
-
Free 1A Trosmisson chotren micrographs of "\-|Ii'\l|"='.l'l..-l."\ ol

Fimerie ot exposad Bor 3 Mo W S-p 8 conceninalions ol
oo s 10 A0 aad SOL Hees 1, Fige 1 Bporueealic expead Lo
pMIEM 50T for MEmin. X3LHHL Mote e dissuption ol the
sniheine pellicle damenrbeas asd the degererstion of outochomdi
(AF1 Fig 2 Spanoeonte cxposed fo pbIM BT e 2 oman R
Mhale e Bulgans of dbe outer anbeaee of the pelbck e
arcerivievad| ol b ovieplsm eseaping fvar, sl e e
throgh o lorgs pore-like opening e s
wiembrane pellicle Fige 3 Sporosnite exposed o phIIM 1) for
S X250, Mege the Tese membrange- oo vk dareonivad)
e posterionr relenle body (R o the paneie, Fig, 4
Spercwoite cxprsed o pAIM S0 o S azin, XU Mot the leas
ol cxtup s density ard the phest-like sppeiranee

U1 ol i) ta
P enn vabies wethi o debwnn ovine the some sicpersasrigd Biers e nod si2

2. '
Skf By
B 75
¥y bl
4 T
.| i

4 {mevere lesansg
sunthy adillesen 45

LAk

Maturally cecurnmg antimeerebial peptides (phdIM= ac
s treets by Torming voltagereenlned channels m the
susceptible cells” muembeane, an ellecl that has been re-
|,'||,:-|'|,|_"|:i fir Larpls int"|||l.!:|!lj_"_ b leri. IIL:-.'L'I:-|‘:-\.'II.‘:IL"|-'i:|... ¥i-
rses, Tungi. and spirochetes {Bagan o ol 1994: Martin
ctal, 10951 The present study, shivwing ulirastructueal
disruption of e sporosisiie membranes by symihetic
antmicrobial peptides. indicates that the synthetic pep-
tides probably retain the same mechanism of aclion as
their merally derived counterparts, This indicates that
the trikeminar membrane of apicomplein pritists s
stscepiible o pore formaton similar (e that seen in
olfer classes of pathopens,

The reduced elficacy of pMEMs in Killing ghe para-
sites ol higher concentrations iy be related o agzere-
5"*”.!":"" ol the mereased amounts of peplides 1o waeh
other due 1 their mbierent atteenonal U hvdropholbic
region. [n addition, the higher concentration of philhs
iy haave prosluced the corroct vtio For eflicient
pregation with anmions present in either the sporesniy
incubstion media or the intestine of the brd, Sporoeoie
membrane has heen shown o be readiby laheled by
cattoniaed Ferritin LA ugustine and Danforh 194, and
Ui sioic narure of the membrane seonld obwieusly il
in the initid binding of the phIMs (o0 the parasite e
Begin the process of Intic destructon, Flowever, in the
sume Termtin-laheling study. shedding of 1he lahet from
the sporesaite membrane was seen, which suzgests that
smiom mobecules would be present within the mncubation
mecdicn, Thus, Uhe ageresation of higher concenirtions of
PN in the prosenee of anion mobecules may prodace
ol |:|,~|'r|_‘-5r.n_s||q|i||_!', lovss ol pWVTR |.'L'5~'i1'|3_' ey,

The combined clleclivensss aginst sporozoies and
extrneetlular merosoiles indicates that pMIMs may be




wseful in controlling coccidiosis i the hrd, provided
thatl 1hese peplides arg available in the put of the hird
during coccidil exposure. The reduction in lesion scones
m pMIM-medicaled birds scen following CEposUTe 1
three different species of cocoidia e batlery trinls shows
thatt these compounds have a potential Tor therapeutic
treatmenl during infection, Expanded studies on Lhe
anbwoccidial nature of these compounds, the develop-
menl of improved systems of delivery o the bied, aml
their iese under comitons more closely resembling that
seen in the pouliey imdastey e necessary Lo assess their
prtential anticoccidial use.
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