
e. S7Iafie e t a r ... ISSN 111 0 ·721 9 

MOLECULAR AND IMMUNOLOGICAL STUDIES ON SOME 
C. PERFRINGENS TYPE D STRAINS 

F. Shafie. Diab R . A .• El·Menisy A. A .. 

N. M. Emara and S . A. EI-Zcedy 

Vd cri llil ry Seru m an d Vaccine Hcscarch InsUl\ll l.: . Abbossia· C,lin) 

ABSTRACT 

S i.x ,K»!JooICII( dOs lriuial va ccine s q( s hcC!fJ were p n!pan.:'(l. End t coni ail! [o."(oid oI C. 

pcr)i"inuc ll .... Iypc IJ ~ lmillS F ont d!{fc rc ll t ori!Jill s. Thcst.: vaccines were il !iccl ed ill 

sheep. The eps ilon w t/i lo.\in Iil ets w ere nol con·d a led willI II Ie toxicilU oj (/1(' SI.w in .s. 

5 0S· PACE lest W id LVc s(em bloLfiny tvere opplied Jor 1Jo0 1 cel l.s and {oxin$. Common 

pro /r ill Imlld s w il h lHo/eculor lII(>igliis 1.x?lweeJl 5 0 . 10 [(OCt were (lJ:1wored ill (III 

Slrail1 .<:, 1/ W(lsJ()Hn d (/Ial th ere was 110 CI. m(1 r/(ecl felalioH bc lwc (-'Il lw : iciIU, il7 l1HWlO.QC· 

IIIciI !I nHd tlt<, curn .... I1 /. /IIolCCII /or .s ludies. 

INTRODUCTW:i 

3 '/ 

C. pcrlri ll j,!el1 :-' ly r c D pnx!u ccs twu nli)jor !clho! 10:x ins ond n numbcr 01 m inor klhn l 

0 r nOli \(> l llil l 10x ins (Wortbln&ton ct nl., 1973) . The prlnc lpn l t oxin Is cpsllon to.'I;ill. 

wh ich cau ses cn k rutuxacmia, a disca~(' or grcal I:"conomlc impoI·l<lnce in all shcr l) br(,f"<1ill~ 

( oun lrles . 

I·' rod uc liu ll of 11igh yi eld or baCl cri a l toxi n is or pracl lcal hn porlallcc ill thc prcp;:n'i1 l1on o f cf­

k l,;tiv(' Im .. o iu:o; fur purpose or inlUlunizill ion (GUroy, 19G7) . T ile an tibody Utres In S t:r;) o f sheep 

Imilluni",cd w ith toxoids p reparcd frOll1 highly tox igcnlc cu llu n::s wcre h ighcr lh<ll1 thosc p re· 

pan'd ("r~ lI11 low lo.\ igcll l(': cul tu res (DialJ c t al., 2000) , 

\n r CI'(, 1l 1 yl" ~lrS, rilp ld <1d vanees In Ihe gene lies of C. per fr ingc lIs v i ru lcnce rac tors have il l , 

lowcd pcrl un nnllcc or cx tenslvc su rveys or lbc st r ains isolated in va ri ous diseascs (Daube ct aI., 

1996). 

II is cv id f"l1 t IIl "I t morc in fo rm ation Is needed about. d rec liveness o f vaCCination In Sh c{'r by 

p, )lyvalcnt or bi valen t vacc in es con taining type D- toxold Il s lng s t rai ns of d irrr-r ent or ig i ll s. 111 

som e pn ' parl'd rtl\l line l>a l ch <"::; o f polyvalcnl (.I mJ 1.I1val\'n l vaccines , eps i lon (£) anli lox in lilres 

'."l a :'i nol re l..tl l' d In lox in s p roduced , .so \hal jhc aim or th is s tudy Is 10 find a r ela tio ll bc twecn 
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lllolecular slrllctllre or c. pefringcn s Iype 0 s tra ins, loxo!!c nlc ll Y a nd if!') d ice! on immune reo 

spon ~{·. 

MATERIAL AND METHODS 

• Strains : 

I . Six lyo philized strains of C. perfringens type D, were obta ined from dil fcr\! l"ll origins. 8:~-I6 

}3 1 (UI{Jj. 8504141 lU1UIlj strains were obtained rrom National CollecUon ol"Type Culture 

(N CTCj. L.nndon ; Syria n stra in: Neuzeland s train: Turkey sLrain and England s tmin. 

2. Lyophilized :-, lraillS or C. perrrillgen~ ty pe B. C. sepliculll , C. c-hn u voe i. . C. o('"d('nlati('l1s tYI "'­

IJ i\ lId C. I cl.ani wcre obtained from Annerobic Depart elUcnt. Vderinal)' Serum a nd Vacci l lO' 

]{('5carch Institute lVSVRll. E:gypl. Used for prepClr(l\.ion or polyvall~n t c10s t r id in l vaccine in 

whic h C. perrringens type D is one of its componenl. 

S tanda rd toxins and antisera: 

::i[u llddl"d toxins UIH..l antise r.:t ugaltlsl C. pe rfringens type B a nd D. C. OCdCl1lil ticns tYPI: U 

<l ilt! C. SE'ptic:ulll were obta ined (!"Om Wcllcome Research Laboratories. I::Tlg lanci. C. Ictani loxi ll 

.111<.\ dntito:->in \\!; , .~ obtained from WHO. 

Hyperimmune serwn : 

S h~"\"~) ltypcrill1munc serulll against epsilon toxin was ob tained from I\n <lcrouic Re:;earch D<:­

P;U-IIl H"lll (VSVRI). I\bbassia. Cairo: and Llsed for weslern blotting. 

Vaccines preparation: 

Six l.K)lyvalcnt vaccines containing an ligen s or C. pcrfringcn s type D (rrom eaeh slraln). C. 

per!"rlllgl'llS lypt' n, C. chauv(Jci, C. sc:pli<:u lll. C. ocdelli flUens type U In equili amoun ts and C. It·· 

tJ.ni (:25 Lf/dl)st:/si1 ee p) were prepared according to Gadalla et a1. (1974) except C. tctani tOXlllcl 

was prepared according to Rijks Instructions (1980) . 

5knllly. safely and potency tests (In rdubits) were ca rried out ill accordance with the rL'gll­

l;dlOlI of Britlsh Veterinary CodeK (1970). 

Animals : 

Tlw'y ."hcep. g. 12 I1lQJllh ~ of age, we re divided into s L" groups an(\ used for evalUcl\ion or c. 
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Vaccination s c h edul es: 

Sach ly pe of" poly vakllf vaccine was injected s i c in :.l group IJI 5 she(:p i n Iwo doses 15 Inl and 

:s ." H ., W(Tk " ill!t'rv "ls. 

Serum sampHng and antltoxln assays: 

All s lln 'p w(: re b\(>d Ix ·fore v;lccinalion a lld 2 week s a fl er t.he ~~cond d o:-.c . Sera were- s~para l 

cd. poolt'd ror c~'.cll g rou p <.lnd s tored ;;1 ·20oC unUl used . Til e antlloxi r. vi:llu(:s for C . verfriflgcns 

ty pe D. cxp rl.~~scd in (tLl / n, I) o f all poo lr:d serum sil i l lplcs w('! !'c d c tcn. )incd In Swis:-, \V Im.: mice 

by Blt· thoe.! <Ic :-;rT ibccl by B r ltlsb Veterinary Pharmacoepia (1985) . 

Sodium dod ccyl sulphate polyacrylamide gel electrophor~sis (50S·PAGE) Wf C. perCring­

ens typ e D : 

I . C-uH ~If('s 01 I h e SIX ::; lraln ::; QI C pc l"it' jO lJgIlS ty p e I) which Obluillcd 11 '1) 111 di lk d~ llt urlJ,!;in:. 

were cl'Lll r lrugecl Ih en Ih(: SU])Crn<l l nn t l oxin;<; WCi"< colle<.; tet.i <.IS wt: 1I \.I S 1 h e- cd l prcdpil a te . 

Tlw s tlPC' I"Il;ltalll t\)x il1~ werc cotH.;cnhalC'u by glYC'Cfi l1 10 1/ 3 or lh ~ or iglTlCll volt ... m ' fur 

,. tci l l o.' .· " 

2 . I ~acl l uf tl w cd Is dnd loxill$ of C .pcrfringens Iype D ~ I l<l ills wc,c suujcct ccl Lo Sodium dod C'­

~'y l ::;, dj::-l i;lll' poly dCI) rlanlidc gel electrophoresis (5 0S-PAC E) as dC'c-aibed by ~lin 1::1 a t. 

11~9Gl 011 <l lHill islub gel clcdropllorcsi s con ta illing tlOir; stacking po lyacryln mid(' gel a nd 

1 2i~t. S I-p . .. · .. tin1-', gel. 111C ~ampleg \V,' IT hcaled In SC"l tnpk buffe r um si,<;Ung of [:i2 .5 mM Tri~­

Ilel . tll l! (j .8). 1% 2 -11H:r<:. l plocllt<.lllOl . 1% SOS. 10% glycerol . nnd O.OO i'Vu b rolll!lpl w Jlol 

\)IUl' ;11 I OOoC for:1 minuLes. Ekcl ropllO ,.csl s w a s pcrfonl lcd a L 10 0 V unti) the <.ly l~ Cront 

ITad lt'd tin: UOtl OIll (If Ih t.: gel. TIH' gel was slu.incd with O . tt·~'b COOJlli.ls<.;i <: l)I"illiu ni l)luc 1< I)y 

llw (·Ollv('l1tion .. l l I1wllwd . l'reslalned prold n molecu les weigh s tandard hi~h ; '; llgC IGIBCO · 

rmL) from 14 .3 1:0 200 I\: D ", was used 8S standa rd Illarl{cr , 

Western blotting (tmmunoblotting) : 

This was dune ilccording to lhe m ethud clec ribed by Hunter c l a1. (I D!l2). The »l d d ns of tlK 

ll,xin :;ql"l'c:t1cd t)y SDS-F'i\GE: were lrallsrcrcd onto a j)u!yvlny lid in c diflUOride OlCO lo ra nc (Im­

mouilon p. Milliporc Corp.) and tlw Inembranc W<tS b!oc]{cd wi t.h u 0'10 (wt/vol) solution o r d . icd 
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sk im milk in Tris-buffered saline. Th e- lllt;mUrane was probed wi th a I : 1000 d!lution of sheep 

~lIlll -q>:-; ilH II - t(lX j ll . ;1:-; <I Iksl , Iutilmdy 'Hu t the a n t igr- tl <.ultilJo<iy compk.\Ch hou nd 10 ulkcdirl(' 

phospha tcl~W con juga ted a ntis hecp JgG (Sigma USA) a s a secondary antibody. then t he n!acliun 

was cl c tec led by u :,ing lJC IP/NBT subs!.!'a \(:. 

RESULTS AND DISCUSSION 

C. p t:rrringcn ~ is til e causative agen t of a wide va riety of diseases. I t h <l s been' ossocla led with 

entcrotoxe rnic diseases in many specJes of domcsl\c animals (Hunter et al ., 1992) . To prevent 

these d iseases. produ ction of immune rcsponse against toxoids of the dHTerent toxJn s play an 

Im po rt .-1O t rok in pro tectio n of <l llhnals. Rcsults of neu l rali :ting antJ body level agains t t::psllon tux­

(l id of d ifferent sl rCl i llS of C. perfringens ty pc 0 In sheep are p resen ted In 'I 'able ( I ). -l1l e a nlibody 

lllre'~ were oblained in sera of v[\ccln,..Iled animals so thal dUfercn t tOXiCity of the sll'a lns w~s not 

correla ted with an tibody titre. as In the Neu:teland stra in which gove a toxici ty of 4000 MLD/ml. 

w odueed anUboc.l.v ti tl'e of J2 IU/ ml which was almost re semble that of UKI!! st rain (12 IU/ml 

a nd GOOD MU )/ IlIl) . also UKI st rain (1 5 IU / ml and 10 .000 M LD /m!) . While low antlbody litre 

w,,~ ul) l;ulll'd in 11 11 : olher vilcc! n t;::; ill which l!:ngh.lnd straill gave 5 IU / 1111 liLre and 2000 M LD/ 

Ilil tox icity. Syr i<.l l l s train gave 3 IU I 1111 and 3000 MLD/ml ancl Turkey slrain gave 3 IU / 1II1 ami 

2000 MLD/m1. . Tnble (I). Th ese results were dl S<l grcc with that or (Sato et aI. , 1972) wlw 

found lhil l i nu ll ll llogenicil}' of h ighly purified alpha tuxoid ur C.per fr ingcns was highcr than 

crude onc WI H: 1l illJI'clcd in g u in C<l pigs and (D lab <:t 0.1.. 20 001. who said thai I h e prud u ctio n of 

epSilon toxoid in !ermento r produ ced epsilon toxin of high M LD and consequenUy Cl ffordcd good 

prolec tion ill vDcc inaLed animals. This disagreem ent m ay att ri buted to the usc of di fferent 

~Ira ins frOll! dil Cer cnt origins whil e l h e p revious Rutilors used only on e strai n . 

C. pCl'rr ill t!I' o S IYpe l) synthesized di fferen t forms of epsilo n prototoxin whl c.h sh owcd e1ectro­

phort:lit: IJ t'l,c rOl!cni<'i ty on elise elec trophoresis. Activalion or epSilon prulotoxln by t ry psin . re­

su lted in 1\11' i'ol' ll l{\ tion o f eps llon tox in \Vhi Ch W<lS c1ect roph oretl eally hete:.roge nous . Moreovt:r. 

epsilon pru loloxin (lIla!. wt. 23.200 - 25.000) ond epsilon toxin showed antlgen lc Identity (Ha­

beeb . 19G9 ). So pmt(' ill pmfilcs lor toxins and cells of C. pcrrringen s wcre ~lucli et1. So eleclropho­

retic ClJltl l)'sis of protein prontes of cel ls of d ifferen t C. pcrfr ingens type 0 strains as shown in Ta ­

blc (2) Ll lld Fig. (l) revealed ilbout 9-18 protein rrac tiuns w ith Illolecu lar weigh t ranged from 12 (0 

200 KDa. T il e major protein bands of mol ecula r welgh l 37. 24. 22, 19 KDa were found In ;;, 11 

),In:un s. In the England strain t here arc cxtra bands of molecu lar weight 200 and 163.77 K lJa . 

wh ik lIu :n : MC another banets ue lwec n LOa an d 50 KDa in the Ncuzeland strain. The majority of 

the prolclIl l>ulld s located belw een J2 - 47 I(Da. 
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The prOleln proHl!! analysis 1'01' the toxin was revealed 8 - 12 bands III lhe different straJns 

with JllOlcnl];lr wc(!.(111 ranged i'rolll 13 - 101 J(Da <.1::; sllOwn in Tab le (3) (I11cJ Fig. (21. Thc proldll 

fmcllUn::; wll11 lllokc ular wclghl 77 .3.55.1:1.42.7,39 .7.32.9.27.6 . 25.2. 21.6 were pfominant in 

<.I II ::;11"<lills. w hile Ihere , \I 'e l wo ex t.-... bands at 101.3 and 13,1 77 ill tht I.!:llglalld, UI'::: J. and UKIlI 

C;lnd OIW C.\ \r<1 ballet nl 70 I<Da In Neuzelan tl . 

Fur lhe wcsJ('r!1 ulot the ilYl.lcrillllllunc serum Clgclins t epsilon tox in was d<-lcetcd pro leins al 

molcculnr weigh t 1'1'0111 11.9 to 28 1.7 lor thc toxin whic h can nut be detccted by the CQomasslc 

Blue slain. but CUll lie a ppeared by the western blotting. These findings agree with Sambrook el 

a1. (1989) who said tlm l Coomassie Blue slain ean detect protein liP to 0. 1 (g (100 ng). but the 

IO\Vt:.~ t J\mou .lI or proteins Lha t can be (k lec lcd hy wcstern blott Ing is approx imately I . 5 ng, 

S inn' lyp~' I) :-;Inliw; ca ll prudu ce l){)lh the a lplJa alld epsi lon luxh ·· In addition 1.1) ::;cvcral oth ­

e r ('xtraccll , il ,H "llltig (!nS, lhls may explain the results obtain cll by electropho resis of the used 

1;ru ejc filll 'ak~, w hich contains lhese toxins in lrace amounts. 

fro lll IIw prc~cnt slucly, H could be concluded tha t there is no a marked corrc\UlIon between 

toxicity, inHn\l llngr-llicll y and the curre nt molecular studlc!:> of C . perfrlngens ty pe 0 epsilon tox· 

ill of dirll Tenl s t n till s. So U fUl·tllCI" advanced studies !>hOLlld bc done on the pure cp!>ilon loxin to 

es tlnlate lil e specilk relation between its toxi city anti illllllllnogen!clty to the lllolcculo.r s iruc­

tu re. 

Table I : Toxicity and immunogenicity 01 d ifh.:rent strains 01 Clostridium perinngens type O. 

-Epsilon Molecular weight summ ation 

Strain , MLD/ml antit oxin titre 
(IU/ml) Cells Toxin 

England ; 2.000 5 66.8 72,9 

Neu4eland 4.000 12 53.9 54 .3 

Syrian 3.000 3 47.4 565 
-

TUlkey 2.000 3 54.3 51.7 

UK t 10.000 15 57.6 53.9 

UK III 6.000 12 58.4 5L7 

MLD/ml :0. Minimum Lethal Dose I rot. 
tUlm ,. == Intematlonal Unitl mt. 
• Sera tested before vaccination were free from epsilon antibodies . 

J. Vet. Med. Res . Vol. II. No. II. 2000 



.,', Shafie et al .. , 

Table 2: 1'1010 :1 :1 profile J nillysis 01 cclls of dillCfcnl slrains 01 C.per1ringens Iype 0 sepala led 

by SOS·PAGE. 

M.W. C. Perfrlngens type 0 strains 

(KDa) England Neuzeland Syrian Turkey UK' UK III 

200·150 200 151.19 

163.n 

I so· 100 109.81 145.26 145.26 145.26 123.8 

73.386 114.29 

66.379 86.406 50.299 54.074 

8 1.627 

100·50 72.591 

65.584 

50.91 

47 .365 47.93 47.93 47.93 47.3 56 47 .356 

37.37 1 38.81 39.443 39.231 41.183 37.37 1 

29 37.371 37.37 1 37.371 37.371 29 

50·10 24.345 31.786 24.487 31.495 33.01 24.354 

22.436 29.157 22.436 24.345 29 22.436 

19.392 24.345 19.392 22.436 24.354 19.392 

15.705 22.436 15.554 19.392 22 .436 15.705 

14.393 19.392 14.722 15.756 19.392 13.98 

12.937 14.77 13.756 14.810 15.691 12.895 

13.71 2 13.801 13.7 12 

12.895 

Sum. 66.8 53.9 47.4 54.3 57.6 58.4 

42 
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Table 3: Protein prolile analysis of 10xins of dlHerenl str ains of C. perfringens type 0 separal· 

ed by SDS·PAGE 

M.W. c. Perfrlngens type 0 strains 

(KO.) England Neuzeland Syrian Turkey UK' UK til 

200· 150 . · · · . . 

150·100 101.37 · 101.37 101.37 

77 .311 77.313 77.311 77.311 77.311 77.3 11 

100·50 68.878 70.669 55.873 55.873 55.873 55.873 

55.873 55.673 · · . . 

42.723 42.723 42.723 42.723 42-'123 42.723 

39.794 39.794 39.794 39.794 39.794 39.794 

32.996 32.998 32.996 32.067 32.687 32.766 

50· 10 27.692 27.692 27 .692 27.692 27.G92 27.692 

25.25 25.250 25.250 25.250 25.250 25.250 

21.697 21.697 21.697 21 .297 21.697 21 .697 

13.449 13.449 13.634 13.495 13.449 

13. 177 · · · 13. 177 13.1 77 

Sum. 72.9 54 .3 56.5 51.7 53.9 51.7 

43 
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Table 4: Western blot anD-lysIs 01 to)lin Illtrates 01 dillefent strains 01 C.pe rlfingens type 0 

M .W. C. Perfrlngens type 0 strains 

(KOa) England Neuzeland Syrian Turkey UK' UK III 

300·250 · 272.24 . 263.07 263.07 281.73 

250·200 221 .65 2 14.19 245.64 214 .9 · · 

· · 206.97 · · 

200-150 174.039 · 1&2.84 162.64 186.75 186.75 

· . · · 162.84 
- ' 

95.095 90.646 89 .567 96.24 84.36 96.24 

BIJ .5 83.356 85.377 84.36 77.576 90.646 

77 .576 6B 77.576 77 .576 6B 77.576 

100·50 64.878 55.036 6B sa 55.036 66 

· · 61 .175 64 .078 · 55.036 

· 55.036 61.175 · 

· · 55.036 · 

49.512 46.141 46.14\ 41.441 41.44 1 41.44\ 

46. 141 38.254 41.441 38.254 4 1.107 41 .187 

38.254 32.598 41.107 35.75 38.254 30.254 

35.75 27.224 36.254 32.596 32.598 32.598 

32.598 15.515 32.59B 27.397 27.224 29.906 

29.906 11.969 29.906 25.39G 25.396 27.224 

50· 10 27.224 · 25.396 18.752 2 1.278 25.396 

23.691 · 21 .270 13.678 10.634 \8.634 

2 1.287 · 18.752 11.969 16.771 16.77 1 

10.4 · 16.771 · 15.51 5 15.515 

16.77 1 · 15.515 13.678 13.678 

15.5 15 · 13.67/3 · 11.969 11 .969 

13.676 · 11.969 · · · 

11 .969 · . · · · 
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Fig. 1: Prolein profile analysis of celhrl"r antigens 01 diHerent strains of C. p~rlringens type D 

separated by 5DS-PAGE. 

1 2 

KO. 

200 

97 

66 

43 

29 

16 

14 

Lane (1) Molecular weight markor. 

Lane (3) Neuzeland straill. 

lane (5) Turkey stain 

Lane (7) UK Itt. 

3 4 5 6 7 

Lane (2) Englalld l;.train. 

Lane (4) Syriiln straill. 
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Fig. 2: Protein profile analysis of toxin filtrates 01 dilferenl strains 01 C. perlringens type 0 

separated by SDS·PAGE. 
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Flg.3 : Western blot analysis of toxin IIltrates of different strains 01 C. perlringens Iype D 
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Lane (1) Molecular weighl marker. 

Lane (3) Neuzeland Slrain. 

Lane (5) Turkey stain. 

Lane (7) UK III. 
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