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ABSTRACT 

S tudi es of the pathogenici ty of Mycop lasma 

ovipneumoni ae would be faci li tated by an in vi tro met hod o f  

i dentifying and c l as s i fying isola tes of thi s  organi sm , and i t  

i s  wi th the development o f  such a me thod , and i ts possible  

app lications , that this  thesis i s  mainly concerned . 

T he me thod chosen was Res tri ction Endonucl ease 

Analys i s  ( REA ) which has already been succes s ful ly appl i ed 

to the i dentification of some virus es and bac t eri a .  

I ni t i ally the REA pat t erns o f  2 s trains o f  

M .  ovipneumoni ae were observed . They di ffered markedly ln 

res tric tion pat tern ,  but the pat tern exhi bi ted by any one o f  

them was recogni s able  and reproducibl e .  Furthermore , 

patterns did no t change s i gni fi cantly after limi ted passage 

i n  vi tro . An ext ension o f  thi s s tudy to 8 i s o la tes from 

wi dely di ffering sources , showed that all gave markedly 

di fferent p at t erns . I t  was conc luded tha t , unli ke the 

findings for L ep to.spira and Rhi zobium , REA coul d no t be 

used for the i denti fication of speci es , but i s  an extremely 

powerful me thod for i denti fying s trains of M .  ovipneumoni ae . 

D espi t e  the marked heterogenei ty of i so l ates from 

di fferent s ources , the rel a tive s tabi l i ty of pat tern of an 

i ndivi dual  i so late , sugges t ed tha t  REA could be used t o  

examine t h e  epi demio logy o f  indivi dual s trains o f  

M .  ovipneumoni ae wi thin a flock o f  s heep . Hence , we 

undertook a s tudy o f  M .  ovi pneumoni ae i so l a tes obtained by 

s eri al swabbing of the nas al cavi ti es of a flock o f  l ambs 

over a 6-month p eriod , and from the lungs of the s ame l ambs 

at s laugh ter . I t  was shown that 54 i sol ates from the nasal  

c avi ti es fi l l  into 7 maj or groups wi th respect to  res tri c tion 

pattern ( al though minor di fferences were detect ed wi thin a 

group ) . There was a tendency for these  groups to occur 

s equenti a l ly . None o f  the i s o lates  were s hown to pers i s t  

for long perio ds , but a l ater s train could replace an 

earli er one . T he i solates  from the l ungs were more 

homogeneous and t he predominant s train fell  wi thin one of 

the 7 "nasa l" groups . Thi s  sugges ts · that nas al i so l a tes 

11 



may vary ln their pathogenici ty for the lungs , al though 

other explanations are possible  ( s ee General D i s cuss ion ) . 

No twi ths tanding the apparent s tabi li ty o f  mas s 

cul tures of M. ovipneumoni ae fol l owing l imi ted passage i n  

vi tro , the unexpectedly l arge number o f  res tri c tion p a t t erns 

found wi th fi eld  s trains , l ed us to re-examine , i n  more 

detai l ,  the s t abi l i ty of cloned i so l a tes . A mul tiply-c l oned 

i s o late was propagated in  vi tro and 8 sub-clones s el ec t ed 

before and , a further 8 sub-clones after 20  pas s ages . Some 

limi ted het erogenei ty was detec t ed among the 8 sub-c lones 

s el ected before pas sage , and a somewhat greater degree of 

heterogenei ty was detected among sub-c lones s el ected a fter 

pas s age . I t  s hould ,  however , be emphasi s ed that the s e  

di fferences were smal l compared to the to tal l ack o f  

s imi lari ti es s een when i sola tes from di fferent sources were 

examined . L imi ted passage i n  the pres ence of sub-l ethal 

concentrations of antibody did no t increas e the heterogenei ty 

of patterns - i f  any thing , t he revers e i s  true . 

Expl anations ·for these findings and future 

experiments to confirm or deny the s e  poss i bi l i t i es are 

di s cussed .  
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I NTRODUCTION 

Chronic ,  Non-Progres sive Pneumoni a ( CNP ) i s  a common 

di s ease o f  s heep in New Zealand , and typically affec ts l ambs 

in l ate summer and early autumn when they are 6-8 months o l d . 

Although workers di ffer in the des i gnation used , 

simi l ar , i f  no t i dentical l esions have been des cri bed and 

s tudi ed i n  sheep in Aus tral i a  ( S t George et al , 1 97 1 ); 

I ce l and ( Fri i s  et  al . ,  1 97 6 ) ;  S cot l and ( Foggi e et  al . ,  1 9 7 6 ) ;  

I raq ( Al-Sul t an and Zubai dy , 1 9 7 8 )  as wel l  as other countri es . 

Despite  t hes e s tudi es , the cause o f  CNP 4as no t been 

unequivocal ly  es t abli shed . Mycopl asma ovi pneumoni ae has been 

consi s tently  i s o l at ed from a hi gh proportion o f  CNP l es i ons 

( Co t t ew 1 9 7 1 ; Carmichael et al . ,  1 97 1 ; C l arke et al . ,  1 9 7 4; 

L each et al . ,  1 97 6; Fri i s  et  al . ,  1 97 6 ) , but has also  been 

i so l ated from the lungs of normal s heep , though wi th 

decreas ed frequency and in lower ti tres ( Al l ey et al . ,  1 9 7 5) .  

M .  o vipneumoni ae i s  no t the only organi sm whi ch has 

been detec t ed in CNP lesions : thus , bacteri a ,  espec i a l ly 

Pas t eurel l a  haemGlvtica , are usually  pres en t  and Mycopl asma 

arginini i s  pres ent in some batches of l es i ons but no t in 

o thers . Virus es , especi al ly Parainfluenza virus type I I I  

( PI 3 )  have been de tec t ed i n  ovi ne pneumonic  lesions , and 

thi s  organi sm i s  undoubtedly , p athogenic .  However , tho s e  

lesions i t  produces in transmi s s i on experiments are no t 

typi cal o f  CNP and , convers ely , PI 3 c anno t be consi s t ently 

i s o l ated from CNP lesions . 

The p roblem o f  the aetiology o f  CNP s hould be 

resolved by transmi ssion experimen t s , but thes e have given 

vari abl e resul ts  i n  the hands o f  di fferent workers . 

Sul l i van e t  al . ,  ( 1 97 3a ,  1 97 3b )  ( us ing conventionally reared 

l ambs ) transmi t ted a di s eas e ,  whi ch they c l aim was indi s ting­

ui shabl e from the field  di s eas e .  T he l ambs were inoculated 

wi th  ei ther lung homo genate or a cul ture of M .  ovi pneumoni ae .  

S t  George e t  al . ,  ( 1 97 1 ) produced  pneumonic lesions in 

newborn l ambs, wi th  a cul ture o f  M .  ovi pneumoni ae , however , 

they found o lder l ambs ( the normal age group for CNP ) were 

no t as susc ep t i bl e .  Simi l arly Jones et al . ,  ( 1 97 9 ) , 



produced pneumonic l esions i n  sheep using ei ther a 

combination of M. ovipneumoni ae , P .  haemo lytica and 

M. arginini , or l ung homogenate . O ther workers ( Al l ey et a l . ,  

197 9; Davi es et a l . ,  1 9 8 1 ; Foggi e et al . ,  1 97 6; Gi lmour 

et  al . ,  1 97 9 ) , have obtai ned wi dely differing or erratic 

resul t s  with attempt s  t o  reproduc e CNP in sheep wi th pure 

cul tures of M. ovipneumoni ae . 

T he consis tent  presence of M .  ovipneumoni ae ln CNP 

l es i ons seems to indicate  that i t  p l ays a rol e  in  the 

pathogenesi s of the di s eas e , and the apparent success of some 

transmi s sion experiment s  suppor t s  the concept that i t  lS the 

primary pathogen . However , before a final conclusion lS 

reached , the vari abi l i ty of  resul t s  mus t  be expl ained . 

Possible  expl anations are l i s t ed below :  

1 .  Dosage vari abi l i ty .  

2 .  Vari abi l i ty in admini s tration o f  dos e .  

3 .  The di sease may have a comp l ex aet i o logy , i . e . 

require two or more organi sms to c aus e l esions , 

or 

4 .  Different  s trains of  M .  ovipneumoniae may vary l n  

their virul enc e . 

I t  lS wi th the l at t er pos s i bi l i ty t hat t hi s  thesis  lS mainly 

( i f  indirec t ly ) concerned . 

For prac tical  reason s , l arge scal e transmi s s i on 

experiments  wi t h  many , randomly s e l ec ted , fres h  i solates  o f  

M. ovipneumoni ae cou l d  no t be undertaken in  thi s  s tudy . 

Therefore , i t  seemed desirab l e  to develop a metho d  of 

classifying and i dentifying M. ovipneumoni ae s trains so that 

ul timately the virul ence of  a l imi ted number o f  selec ted 

s trains could be exami ned . Thi s cou l d  be done both 

direct ly ,  by t ransmi ssion experimen ts , and , indirec t l y  by 

looking for a correl a t ion b etween t he severi ty of CNP 

l e si ons and t he pres ence of p articu l ar s trains of  

M. ovipneumoni ae .  
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The fol l owing met hods have been us ed to det ec t  s train 

di fference wi thin various mycopl asma spec i es . 

1 .  S t rain di fferences have typi cally been shown by 

s erological methods . Thi s approach depends on 

t he abi l i ty of  antibody t o  interfere wi th the 

g rowth , or abi l i ty to me t abol i s e ,  of  intact 

mycoplasmas , i . e . detect s  surface antigens . 

2 .  D i fferences in the vi rul enc e of  s trains have been 

demons trated us ing transmi s s i on experiments . For 

exampl e ,  Kume et al . ,  ( 1 97 6 )  s howed that s trains 

of Mycopl asma synoviae exhibi ted varying degrees of 

pathogeni ci ty; and , simi l arly Rodriguez and Kleven 

( 1 980 ) s howed that two s trains of Mycopl asma 

gal l i s epticum differed markedly i n  the inci dence 

and severi ty of the di s ease t hey c aused . 

3 .  S train differences have been e st abli s hed usi ng 

Polyacryl ami de Gel E l ectrophores i s  ( PAGE) on 

mycopl asma pro teins 

4 .  S ero logical s train di fference s  have been 

reinforced using DNA-DNA hybri dis ati on t echni ques 

( Thomas and D i erkes , 1 9 80 ) . 

Some work has already been done on t he serology of 

M .  ovipneumoni ae by Jones et al . ( 1 9 7 6 ) , who concluded that 

quanti t a t ive differences were detec t able b etween s trains , 

but the s e  differences were no t adequate t o  a l l ow s ero types to 

be estab l i shed . Nevertheless , t he wel l-e s t abli shed l ink 

between surface antigens , immuni ty and virulence , in o ther 

organi sms , l ed us to conclude t hat a s ero l ogical  s tudy of  
' 

New Zeal and i so l at e s  coul d be valuabl e - particularly i f  i t  

could be undertaken in conj unc t ion wi th anot her met hod of 

c l as s ification . Unfortunately , none of t he other methods of 

c l as si f i cat i on seemed attractive in our c ircums tanc es , e . g .  

PAGE seemed open t o  different interpreta t i ons : thus , Jones 

et al . ( 1 9 7 6 ) s tated  that the gel  bandin g  patterns ' demon­

s trated a very close  res embl ance '  between s trains of  

M .  ovipneumoni ae - al though the  c asual observer might find 

t hi s  s ubj ect i ve j udgement l e s s  than obvious from t he data 
I 

s hown . For t hi s reason we w�re attract e d  to t he possibi l i ty 
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of  using res triction endonucl eases for examining mycopl asmas . 

Thi s techni que i s  hi ghly successful in di s ti ngui s hing 

s trains of organi sms , e . g. viruses which have a limi ted 

s i z e  o f  genome ( Espos i to et  al . ,  1 97 8; Wi t teck et  al . ,  1 9 80; 

Lons dal e et al . ,  1 97 9 a ) . Al though the number of  bands 

woul d  increase wi th  g enome s i z e  and thus give l e s s  readi l y­

interpretable  resul t s , i t  nevertheless  seemed pos sible that 

mycopl asmas - though l arger t han viruses , being t he sma l l e s t  

l iving cel l s  ( whi ch mus t limi t  genome s i z e) - would  be 

amenabl e to thi s approac h . 

At  an early s tage o f  thi s  inves t i gation , i t  bacame 

cl ear tha t  Res tri c t ion ·Endonuclease Analys i s  ( REA ) had a 

greater pot enti al for unequivocally di stingui s hing s trains 

than had s erology . T herefore , fol l owing a preliminary 

s tudy of s erol ogical di fferences between s t rains ( no t 

recorded here ) , t hi s  presen t  s tudy was undertaken to answer 

the fol lowing i ni t i al que s t ions : 

1 . Does REA give a recogni s able and reproducible 

pat t ern with one i solate? I f  so , 

2 .  Are i so l ates  heterogeneous wi th  respect to 

banding p a t tern? I f  so , 

3 .  I s  there a very l arge number or only a l imi ted 

number o f  such patterns? 

Whi l e  there woul d be some meri t in  inves t i gating flocks of 

sheep from a wide geographi cal area , it was decided to 

concentrate  t hi s  i nve s t i gation on one flock of  sheep . 

Hence ,  i solates  were obtained by s eri ally  swabbing the nasal 

cavi ty of  a flock o f  l ambs over a s ix-mont h  peri o d .  Further 

i solates  were obt ained from the lungs a t  s l aughter , and a l l  

were examined usi ng REA . 

Thi s  approach , combined wi th the conclusion ( see 

Chapter 2 . 6) t ha t  REA readi ly di s tingui s hed  s everal 

i so l at es of M. ovipneurnoniae , allowed us to direc t our 

attention to the fol lowing furt her que s t i ons , vi z . : -

4 .  Regardl es s o f  di fferences between flocks , are 

there only a l imi ted  number of s trains of 

M. ovi pneurnoni ae found wi thi n  a flock? 
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5 .  Can the nas al cavi ty o f  s heep be sequenti ally 

coloni s ed by di fferent s t rains? 

6 .  Do s trains i so l at ed from lungs ( at s l aughter ) 
repres ent a homogeneous group, and are they 

di stingui shablB··Or indi s tingui shabl e from nas al 

isolates . 

As wi ll  be s een later in thi s the s i s, unexpec tedly 

hi gh vari a ti on was found , so, at the conclusiQn of thi s  

work, w e  ini ti ated a prel iminary s tudy t o  i nvestigate the 

poss ible  source of the obs erved he terogenei ty o f  pattern . 
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CHAPTER 1 Hi s torical Revi ew 

1 . 1 Di scovery and charac teri sation of Res tri c t i on 

Endonucl e ases 

Thirty year s ago , Luri a et al . , ( 1 9 5 2 )  showed t ha t  

bacteriophage grown o n  one s train of a speci es of  bac t eri a , 

displayed a wi de  vari a ti on in i t s  abi l i ty to propagate on 

other s trains . I t  was shown in thi s  case ( Luri a  and Human , 

1 9 5 2 ) , that the host r ange of  t he bac t eriophage was 

det ermined by t he bac t eri al  cel l s , in which i t  was 

prop agated , rather t han by the bacteriophage . S tudi es on 

Escherichi a col i  strains B and K ( Arber and Dus soi x , 1 96 2; 

Dussoix and Arber , 1 96 2 )  l ed t o  a mo del , now call ed 

" Restric tion and Mo di fication" to account for t hi s  

phenomenon . 

I t  was pr;pos ed that t he bac t eri al c el l s  have an enzyme 

wi t h  two di s tinct and paradoxical func tions : one ( an endo­

nucl eas e )  recognis e s  and c l eaves DNA a t  a spec i fi c  s equence 

of  bases , whereas t he second modi fies the s ame base 

sequenc e ,  so tha t  i t  i s  no l onger a subs trate for the 

endonucl eas e .  Normally , the DNA of the bact erial cell  lS 

rapidly modi fi ed fo l lowing synthesi s , and henc e i s  protec ted 

from di ges tion . The presence of the res tri c t i on endonuc l ea s e  

provi des a degr e e  o f  pro t ec tion for the bac t erium agains t 

i nvasi on by forei gn DNA - be  i t  pl asmi d ,  bac t eri al or 

bact eriophage D NA - always provided that the extraneous DNA 

was "normal " and unmo difi ed . 

I n  1 968 , Me sel son and Yuan ( 1 96 8 )  and Linn and Arber 

( 1 9 6 8 )  r eporte d  the i so l a tion of the firs t res tri c tion 

endonucl eas es from E .  c o l i  K and E .  col i  B .  These enzymes 

recogni s e  a s p e c i fic  nuc l eo ti d e  s equence but cut a t  non­

specifi c  si tes away from the recogni tion s equenc e , and are 

now referred t o  as " Cl as s  I "  enzymes . I n  1 97 0  ( Smi th  and 

Wi lcox , 1 970 ; Kell y  and Smi th ,  1 970 ) , ·the firs -t 

Class  II enzyme , i . e .  o ne t ha t  both recogni ses  and c l e aves 

a spec i fic  nucl eo tide  s equ ence ,  was i so l ated  from 

Haemophilus i nfluenzae s ero type 'd ' . Since the di scovery o f  
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this endonucl eas e and i t s u s e  to fragment DNA from Simi an 

Virus - 40 , more than 80 res t ri c t i on endonucl eas es have been 

discovered and many have been c harac teri s ed .  

Some enzymes have been s hown to carry out bo th 

restriction and mo di fication of  DNA. Thi s  dual func tion 

occurs wi th  the enzymes from E. co l i  K and B, and has i ts 

basi s  in the presence of three di fferen t  subuni t s . The 

effec t s  of mutations in the re spective genes have shown that 

each subuni t performs a di fferent func tion : one i s  

responsibl e for recogni sing the DNA sequence; the second for 

the cl eaving ac tivi ty; and t he t hird for mo di fying the bas es 

( which , in t hi s  cas e ,  i s  by met hyl ation ) . More rarely 

restri c t i on may occur wi thout modi fication: thus E. co l i  

s train W i s  lysogenic for a t emperate  phage , W� , which 

contro l s  a hos t-res tri ction mechani sm but no t a ho s t­

modi fi c ation mechani sm ( K ers zman et  al . ,  1 9 6 7 ) . I n  this 

cas e ,  a W-specifi c ho s t  modi fic at i on is contro l l ed by the 

genome of s train W .  

The mo s t  import ant feature of  res t ri c tion endonuc l eases 
' 

lS their abi l i ty to recogni s e  specific  target s equences , 

whi ch i n  mo s t  cas es are palindromes , 4 to 6 bas e  pairs long . 

The symmetry of the t arget  i s  probably related to the 

symmetry of the enzyme . Recogni tion of a s equence of bases  

as a t arget i s  des troyed by mutations t ha t  change a base 

pair wi t hin the t arget ( o r  del e t e  i t  a l together ) , or by 

modi fic ation by methyl ation or glucosyl a tion o f  t arget bas e s . 

C l as s  II en zymes p roduce 2 symme tric cut s , one in each s trand , 

wi t hin the target , and t hese  cut s are ei t her coinci dental or  

•s t aggered ' .  S taggered cut s  l eave ends t ha t  are terminated 
' 

by s hort " s ticky ends "  ( i . e . compl ement ary single  s trands ) . 

At  physiological  t emperatures these ends are too short for 

s t abl e pairing , so a pair of s taggered cut s  resul t s  in a 

comp l et e  break i n  t he DNA dup l ex .  However , these  " sticky 

ends "  are usefu l  i n  the formation o f  DNA recombinants l n  

vi tro - whi ch uses  t he property of  the s ti cky ends to form 

fairl y  s tabl e dup l ex e s  a t  low t emperature , which can then be 

s eal ed coval en t ly by a l igas e .  
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Although the s e  enzymes are known only in bac t eri a ,  they 

are not necess ari ly a produc t o f  bac t eri al genes per se : t hus, 

some pl asrn i ds and phages al so code for restri c t ion endo­

nucl eas es . Therefore, these  enzymes may al so be i nvolved 1n  

competi tion among  sub-bac t eri al p artic l e s . 

Nomenc l ature for res tri ction endonucleases i so l ated 

from bac t eri a was sugges t ed by Smi t h  and Nathans (1 9 7 3 ) . 

The enzymes are given a 3-l et t er s t ern name , whi ch abbre-;iates  

the genus and species of the organ i sm from whi ch t hey were 

i so l ated . Where nec essary, a fourth l e tter i s  added to 

designat e  t he s train . Roman numerals following  the sys t em 

name are a s s i gned to di fferen t i at e mul tipl e enzymes from the 

same sourc e .  For exampl e, Hind III i s  one o f  mul tipl e 

restriction enzymes from Haernophi lus i nfluenzae , s ero type d .  

Res tri c ti on enzymes from di fferent sources c an have 

the same recogni t ion s i tes  and i f  so, they are c al l ed 

" i sochi zorners " .  Whi l e  i sochi zomers recogni s e  t he s ame 

nucleo tide  s equenc e, t hey may o r  may no t c l eave at the same 

s i t e . However , their exi s t enc e means that a given res tri c­

tion enzyme may occur in s everal di fferen t bac t eri al strains, 

and so i t  may be pos si b l e  to avoid  working wi t h  hi ghly 

pathogenic  b ac t eri a as  t he s ame enzyme i s  l i ke l y  to be found 

elsewhere . Simi l arl y, al though one strain may be a poor 

source o f  a given enzyme, i t  i s  l i kely that an a l ternative 

and more produc t ive source wi ll  exi st . 

Mos t Cl as s II restri c tion enzymes have no t been 

charact eri sed to any great ext en t  because  i n t erest  in  them 
{ 

has centred around their uses  as biochemi cal  reagen t s  rather 

than t heir inherent properti es as nuc l ea s e s . One exception 

lS EcoRI, which has been puri fi ed and examined  ext ensively . 

I t  has been revealed, using the o ligonuc l eo t i de TGAATTCA, 

that although t he recogni tion s i t e  for EcoRI - GAATTC - i s  

neces s ary and suf f i c.i en t  for c l eavage  t o  occur, s equence s  

outsi de thi s  hexanucleo tide d o  influence t he rat e  o f  

cleavage ( Thomas and Davis, 1 97 5 ) . Fur thermor e, the 

speci fici ty for t hi s  hexanuc l eo t i de c an b e  rel axed by 

changing t he pH and ionic condi tions o f  t he reac t i on 

(Po l i s ky e t  al . ,  1 97 5 ) . 
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Puri fication to homogene i ty has no t been reported 

for any o ther res tric tion enzyme . I t  bas been not ed that 

mos t  enzymes s how a broad pH optimum , a broad magnesium 

ion optimum , and are inhi bi t ed by hi gh concentrations o f  

Sodium Chl oride  ( Roberts , R . J .  1 97 6 ) . Charac t eri sation has 

usually invo lved a descrip tion o f  the cleavage pat terns on 

di fferent DNA s amples and t he determination o f  recogni tion 

s equences . 

The di scovery , i sol ation and characteri s ation of 

restriction endonucleases from a vari ety of sources has l ed 

to their appl i cation for a range  o f  purpo ses . The principl e 

uses of res tric tion endonucl eases  are set out below : 

1 .  Mapping of DNA 

2. Cloning of genes 

3 .  C l as s i fication and i dent i fi cation o f  microorgani sms 

4 .  Epi demiologi cal s tudi es 

1 . 2 App l i c at ions o f  Res tri c t i on Endonucl eases 

1 .2.1 Mapping of DNA 

Res tri ction endonuc l eases  have been used - i n  

conjunc tion wi th o t her metho ds , e . g .  elect ron mi cro scopy , 

DNA hybri di sation , etc . - t o  pro duc e maps o f  the genomes o f  

many viruses . 

The restriction endonucl ease  di ges tion pro duc t s  o f  the 

DNA are s eparat ed into  bands con taining fragment s  of the 

same mol ecular wei ght , by g el el ec trophoresi s . The mol ecul ar 

wei ght of each fragment (i . e . one band ) i s  e s timated from a 

compari son o f  i t s  el ectrophoretic  mobi l i ty wi t h  t hat o f  DNA 

fragment s  who se mol ecul ar wei ght has been measured wi t h  the 

electron microscope . 

The locations o f  restri c tion enzyme cleavage s i tes  

wi t hin  a genome c an b e  det ermined from t he overlap s  o f  

fragment s  produc ed b y  different enzymes . That i s , a spec i f i c  

restri c ti on fragment may b e  recovered from the gel 

produced by el ectrophoresi s digested DNA - by s everal mean s , 
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e . g .  el ectrophoresi s ,  chemi cal ly , etc . , and incubated with 

a second endonucl ease whi ch wi l l  result i n  either no change 

or i n  further fragmentation . The el ectrophoretic pattern 

of such di gests show the location o f  the c l eavage sites o f  

the s econd enzyme in  the ori ginal DNA fragment . For examp l e , 

EcoRI fragment A ( 1 3 . 7  megadaltons ) i s  c l eaved , by Hind I I I , 

into fragments o f  6 . 0 ,  4 . 1  and 3 . 6  megadaltons . Sinc e there 

are two Hind I I I  cleavage s ites in EcoRI A ,  at l east one of 

the three s econdary products i s  a Hind I I I fragment . The 

only s econdary digestion product with a mol ecular wei ght 

equal to that o f  a Hind I I I fragment , i s  the 6 . 0 megadalton 

product . Therefore , the l i nkage map of the three products 

made by Hind I I I  cl eavage of EcoRI A i s  4 . 1  - 6 . 0 - 3 . 6 .  

Determinati on o f  the structure o f  fragments whi ch give ri se 

to more than three secondary dig estion products , requires 

additional information , either from incomp l etely di gested 

mo l ecul es or from s econdary digesti on with a third endo­

nuc l ease . 

I n  thi s way , Skare and Summers ( 1 97 7 ) , proved that the 

Herpes S imp l ex Virus type  1 ( H SV-1 )  g enome i s  compo s ed o f  4 

classes of mo l ecul e s  with l arge ( 50 megadalton ) and smal l 

( 1 6 megadalton ) s egments j o ined end to end in  each of the 

four pos si b l e  ori entati ons . 

The pres enc e of a gene on a p articul ar r estriction 

fragment c an be establ i s hed by vari ous proc edures : e . g. 

"Marker rescut:" , where a s i ngl e-str and ni ck i s  produced in 

the DNA of a mutant , the other strand recovered as an intact 

circ l e  and annealed to a denatured fragment o f  wi l d-typ e 

DNA produced by a restriction endonuclease . T hi s  techni que 

was first us ed for �X1 7 4  ( Edgel l et al . ,  1 97 2 )  where a 

mutant s i ng l e-stranded circ l e  was anneal ed to a denatured 

restriction fragment o f  the rep l i c ative form DNA , and the 

resulting p arti al heterodupl ex mo l ecul e  used to infect 

E .  coli . By s e l ecting for wi l d-type phag e , growth wi l l  only 

occur i f  the fragment used to make the hetero dup l ex ,  spans 

the portion o f  the genome containing the mutation , thus 

allowing it to be  corrected .  

1 0  



I n  an al t ernative approach to mapping , although s t i l l  

us1ng res tric tion fragment s ,  a detai l ed fragment map of 

l ambda DNA was obt ained . Thi s was made possibl e by comparing 

the enzyme digestion product s  from the l arge number o f  
I 

physi cally mapped del etion mutant s  wi th the pat tern obt ained 

by res triction enzyme di gestion of wi l d-type DNA . 

Apart from the examples c i t ed above , restri c t ion 

endonucl eases have been used to as s i s t  in the mapping o f  

genomes of Adenovi rus es ( Tibbe t ts , 1 9 7 7 ) ; SV-40 

( Winocour et al A . N . Y . A . S . , 1 9 80 ) and Orthopoxvirus es 

(Mackett and Archard , 1 9 7 9 ) . 

1 • 2 .  2 Cloning of g enes 

The abi l i ty of  some res tri c tion endonucl eas es to c l e ave 

DNA into fragments  wi th compl ementary " sticky ends " , has been 

used to open up a who l e  new fi el d o f  Recombinan t  DNA 

Technology .  

These s i ngle- strandEd" s ti c ky ends"  are used to s p l i c e  

res tric tion fragment s  - usua l l y  s ep arated by g e l  el ec tro­

phoresi s - into a rep l i con tha t  has been cut wi th the same 

endonuc l eas e . However , thi s approach is no t confined only 

to res tric tion endonucl eases t ha t  give staggered cut s . 

Therefore , restri c tion endonucl eases  that produce flush , 

double-stranded ends can al so be u s ed to produc e recombinan t  

replicons by using an enzyme to add singl e- s::.randed 

compl ementary homopo lymer t ai l s , e . g .  poly ( A ) and poly ( T ) , 

to the t ermini o f  strands o f  oppo s i t e  pol ari ty . 

Fol lowing anneal ing o f  t he cut repli con wi th  the 

restriction fragment , a polynuc l eo t i de l i gase c an be u s ed to 

coval en t ly c l o s e  the mol ecul e ,  producing a recombinan t  

replicon . 

The recombinant  rep l i co n  i s  typically  introduc ed into 

E .  col i  c el l s  made comp e t ent  by incubating i n  warm cac12 . 

Once insi de a suscep tible  c el l,  t he replicon ( including the 

introduc ed g enes ) wi l l  be r eproduc ed along wi th  the c el l . 
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Two kinds o f  bacteri al rep l i con , each wi th i t s own 

advantages and di sadvantages , have been used to clone forei gn 

DNA - p l asmi ds and temperate phages . 

Phages can be introduced i n to bact eri a by infec tion at  

an effi ci ency o f  around 1 06 times that o f  transfection o f  

naked DNA , e . g .  p lasmids . However ,  pl asmids can carry 

properti es which greatly enhanc e s e l ec tion o f  the recombinant  

r�plicon . For exampl e ,  a pl asmi d whi ch carri es 2 di fferen t  

antibiotic  resi s tence gene s , one o f  whi ch contains a 

restriction endonucl eas e si t e .  Aft er exposure to spli cing 

condi tions , fo l lowed by t rans fec tion , three c l as s e s  o f  cel l s  

are di s tingui s habl e :  

a )  tho s e  wi thout a p l asmi d are s ensi tive to bJth 

anti bio tics ; 

b )  those  wi th the ori ginal p l asmi d are res i s t ant to 

bo th anti bio ti c s ; 

and c )  tho se wi th the recombinan t  p l asmi d are resi s tant 

to  only one an tibio tic  - since the sp l i cing o f  the 

gene has inactivated the o ther res i sLance gene. 

Bo th phages , . e . g . l ambda , and p l asmi ds , e.g . 

pSC1 0 1  have been improved as vec tors by reduc tion in si z e  

(t hrough fragmen tation o f  a natural ly-occurring rep l i con ) , 

so that a particul ar res tri c tion endonucl ease wi l l  cu t at  

only one si t e  in the circul ar DNA o f  the rep l i con ; and only 

2 si tes in the recombinant  rep l i con , i . e . on ei ther side  o f  

the i n s erted fragmen t .  However, these reduc ed repl i cons 

mus t  s ti l l  c arry the genes necessary for au tonomous 

rep l i c ation . I t  is also , c l early , an advan tage to select  

mul tipl e-copy p l asmi ds or  temp e�ate phages that can be 

induced to mul tiplv vege t a ti ve ly , when choosing a vec tor for 

mo l ecul ar c loning . 

Fol lowing ly�i s  o f  the selec t ed c e l l s ,  the ci rcular 

recombinan t  replicons c an be s eparated from the fragmented 

chromo somal DNA . In addi tion, a recombinan t  rep l i con can 

be c l eaved by the s ame endonucl ease us ed to create  the 

" s ti cky ends" , and the componen t s  s ep arated . I n  thi s wav. 
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l arge amounts of a sp eci fi c fragmen t o f  DNA , can be readi lv 

ob tained in a rel ati vely pure form . 

Thi s approach to mo l ecul ar cloning has also been 

extended to eukaryo tic  ho st cel ls  ( instead o f  prokarvo tic 

ho st  cel l s ) .  For exampl e ,  DNA from tumour Vl ruses c an 

transduc e spl iced  DNA into cul tured animal cel l s . I n  thi s 

way , genes from a vari ety o f  eukarvo tic sources c an be 

expres s ed in s tand ard c el l cultures . 

There are 2 basic  uses  for mo l ecul ar c loning 

procedures : 

a )  For basi c  res earch , mo l ecul ar cloning can be 

used to expand our knowl edge of the s tructure 

and fun c tion o f  g enes . I t  provi des a simp l e r  

envi ronmen t for the s tudy o f  gene regul ation and 

function , so that even genes from compl ex 

eukaryo ti c organisms can be i so l a t ed and s tudi ed 

in the simp l er prokarvo tes . For exampl e. nuc l ear 

DNA from Dic',-yo s tel ium di scoi deum ( a  sl ime moul d ) , 

has been c l eaved with EcoRI , and one o f  the bands 

cloned in  E .  co l i  using pl asmi d p SC 1 0 1 . carrving 

tetracycl ine res ti s t ance ( Fi rtel et  al . ,  1976) and 

the DNA analysed by renaturation kinetics . 

b )  Mol ecul ar c loning has also had prac ti cal app l i c­

a t i ons . For examp l e ,  the use o f  �acteri a to 

manufacture desired pro teins , e . g .  human hormones 

Qr interferon . Whi l e  di fference s  in  regul ator-.. r 

el ements general ly prevent expres sion of eukarvoti c 

g enes in  prokaryotes . thi s  probl em c an be overcome 

by fusing bac teri al regul atory el ements wi th the 

mammal i an s e quence befo re splicing into a rep l i con . 

�n thi s wav , to increase bac t eri al S''nthesi s  o f  

i nsulin  by bringing about its s ecretion from the 

c e l l , the gene for thi s mammal i an protein has been 

fus ed with the l e ader s e0uence o f  the gene  for a 

s ecreted bact eri al pro tein, i . e .  p eni ci l l inase . 

Whil e mo l ecul ar cloning i s  probably the most i mport ant  

prac tical appl i cation o f  restriction endonuc l eases , with 
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i ts po tenti al for far-reaching effec ts , a detai l ed 

consi deration l i e s  outside the scop e o f  thi s t hesis. 

1 . 2 .  3 Cl as si fication and identification of mi croorgani sms 

The c l a s s i fication and identifi c ation o f  mi croorgani sms 

using Res tri c tion Endonucl ease Analvsi s ( REA ) , i s  a 

rel atively new fi el d ,  but the techni oue seems to have 

potenti al in 3 areas : 

a )  The val i dation ( or o therwi s e )  of e s t abli shed 

t axonomi c metho d s  to di stingui sh sp eci es wi thin a 

genus. Thi s techni que al so al lows an assessment 

o f  genet i c  rel a t edness between each speci es o f  a 

genus. 

b)  To al low the speci es i dent i fi cation of an 

i ndividual i so l ate : thi s requires ( as do es ( a ) 

above ) that the vari ation wi thin a speci es i s  l ess  

than the  vari ation between speci es. 

c )  The di scrimination between indi vi dual s trains 

wi thin a speci es. 

The j us ti fication for these t entative conclusions i s  

consi dered below , but i t  should b e  no ted here that di fferen t  

appro aches requi re a range o f  res tri c tion en zymes. 

a )  Genet i c  rel atedness be tween species  

The comp ari son o f  res tri c ti on profi l e s  o f  speci e s  

wi thin the same g enus c�n give an indi ca tion a s  t o  the genetic  

rel at ednes s ,  if  anv , between tho s e  speci es. For exampl e. 

Mul l er et  al. , ( 1 97 8 ) , compared the genomes o f  5 Orthopox­

viruses , i. e. rabbi tpox , vaccini a .  cowpox , ec tromeli a and 

fowlpox virus es , and concluded that the profi l es from 

vlruses o f  each group were markedlv di fferent ( no te :  l e s s er 

vari ation occurred wi th a group ) .  T aking simi l ari ties  o f  

res tri c tion p a t t er ns t o  represent g enetic  r el a t ednes s ,  thev 

found that vaccini a and rabbi tpox virus were the mo s t  

clo sely rel a t ed  o f  the 5 virus group s s tudi ed. I n  general. 

i t  was concl ud ed t ha t  the pheno typ i c  relat ednes s between 

these poxvi rus e s  was wel l-refl ec ted by the simi l ari t i e s  and 
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di ssimi l ari ti es o f  restri c ti on p a t t ern , i . e . REA. in  general , 

supports and augment s  c l as s i cal t axonomi c me�ho ds . 

I n  addi tion , Macket t and Arc�ard (197 9 ) ,  al so inve s t­

igating Orthopo�viruses , i . e . rabbi tpox , vaccini a ,  monkevpox , 

vario l a ,  cowpox and ec tromeli a  vi rus obs erved thaT the 

di s tribution o f  Hind Ill s i t es sugges t ed that an internal 
( 

region of molecul ar wei ght approximat elv 30 x 10 dal tons. 1 s  

hi ghly cons erved between Orthopoxvi rus genomes. al though some 

type-sp eci fi c di fferenc es c an occur within thi s regi on. 

b) Speci es i den tific ati on o f  i so l ates 

Mul l er et  al . , ( 1978 ) found that the res t ri c tion 

pat terns produced on di ges t i on , by the endonucl eases Hind 

Ill ,  EcoRI and BamHI , o f  the g enomes o f  representa tive s trains 

o f  6 Orthopoxviruses , i . e .  rabbi tpox , vaccini a ,  cowpox, 

ec tromel i a  and fowlpox vi ruses , were cl early di s ti ngui shabl e . 

Simi l arJ �--, Espo s i  to et  al.  , ( 1 97 8 )  examined 1 2 Orthopoxvirus es 

by REA and found they coul d be p l ac ed i nto 4 group s on t he 

basi s of their Hind Ill p ro fi l es. Thes e  group s corresponded 

to already es tabl i shed spec i e s. i . e . co��ox , vaccinia. 

vari o l a  and monkeypox virus es . Al though 4 maj or group s were 

defined , the profi les  were espec i a l lv us eful in di fferen t­

i ating vario l a  minor Vl rus from vari o l a  maj or vi rus. whi ch 

together cons t i tuted one of the group s. 

Macket t  and Arch ard ( 1979 ) al so examined the Hind I ll 

profi les  of Orthopoxviruse s  - rabbi tpox , vaccini a ,  monke:rpox , 

vario l a ,  cowpox and e ctrome l i a  viruses - and found that t he 

pro fi l e s  were simi l ar and charac teri s tic  for s trains o f  the 

same Orthopoxvirus spec i e s . 

Less  c l ear-cut resu l t s  were obt ai ned in a s tudy o f  9 

Parapoxvi ruses - 6 S tomati ti s Papulo sa ( SP) and 3 Orf virus 

s trains . Wi t teck et al . ,( 1 9 80 ) showed that REA of the viral 

genomes divi ded the SP s trains into 2 di s tinct group s. and 

the Orf virus s trains into a singl e , more heterogeneous 

group ( irrespec tive o f  the endonucl ease used) . Almo s t  no 

resembl anc e  exi s t ed between t he restri ction patterns o f  the 

2 SP virus group s , and the O r f  virus i so l ates , and thi s  

heterogenei ty o f  res t ri c t ion pat terns contrasted wi th  the 
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clos e s erol o gi cal and bio logical rel at�dness' exhi bi t ed b·r 

these Parapoxvi rus es . Therefore , i t  c an be concluded that. 

whi l e  REA wi t h  Parapoxviruses i s  l ess  us eful for sp eci es 

i denti fi cation , i t  i s  s ti l l  us eful for s train i den ti fi cation 

( see below) , and further resul ts  may re0uire a reassessment 

of present t axonomi c sys t ems as they app ly to Parapoxvirus es . 

I t  has a l so been shown that Herpes  Simp l ex Vi rus T·rpe 

I ( H SV-1 )  c an be di s tingui shed from Hs-v·-2 bv REA. Thus. 

Skare et al. , ( 1 9 75 )  compared 2 HSV-2 s tra·ns and� HS�-1 

s trains , and found that s trains of  HS�-1 di ffer from s trains 

of HSV- 2 a t  mo s t  o f  their cl eavage si t es . Therefore. even 

allowing for i ntraspeci es di fferenc es , a new i so l ate  o f  H SV 

could  be assi gned as ei ther type  1 or type 2 on the basi s o f  

i t s res tri c t ion p at t ern . 

REA has been extended to include bac t eri a in  a few 

instanc es. For examp l e , Marsh al l  et  al . , ( 1 9 8 1 ) were abl e  to 

di s tingui sh s erovars of Lep to spira intenrogms_ bv REA wi th 

EcoRI. Serovars hardjo and balcanica gave pat t�rns tha t  

di ffered from each o ther , and from o ther members o f  the 

Hebdo.madi s subgroup . 

Mi e l enz  e t  a l . , ( 1 9 7 9) comp ared the res tri c ti on p a t t erns 

o f  3 speci es o f  Rhi zobium , i . e . R .  tri fo l i i ; R . j aponi cum a:--.d 

R. mel i l o ti , and found that thes e speci es cou l d  be 

di s tingui s hed on the basi s of thei r res tri c tion p a t t ern. 

I ndeed , t hey showed that what thev had previous ly cal l ed 

" R .  tri fo l i i  mutant s trains " were. i n  fac t ,  deriva tives o f  

R .  j aponi cum and no t R .  tri fo l i i . 

REA has al so been used to iden tify a species  o f  

mycopl asma contamina ting virus s tocks and causing a 

cytopathi c  effec t in cell  cul ture . Thu s , Darai et al . , ( 1 9 8 1 ) 

i so l a t ed a m'rcop l asma from a cell  cul ture , di g es t ed the DNA 

wi th the res tric tion endonuc l ease , BstEI I , and showed t hat 

the p a t t ern produc ed was i denti cal to that produced  after 

di gestion wi th  B s tEI I o f  the DNA of  the type s train of  

M .  hyorhinis . However , the surpri singly f ew bands 

obtained on e l ectrophoresi s  of the di ges t ed DNA , l eave these 

resul t s  open t o  que s tion and wi l l  be di s cussed  l a t er in  thi s 
thesi s .  
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c ) I denti ficati on of  s t rains 

I ndivi dual s trains wi thin a s peci es of  microorgani sm 

can be identi fied by t heir c haract eri s t i c  res tri ction 

patterns . That i s , when 2 s trains exhibi t identical  

res triction patt erns , they c an be consi dered to be  i dentical  

or very closely rel a t ed .  

Espos i to e t  a l . , ( 1 9 7 8 )  found tha t , whi l e  Hind I I I  

profi l es were us eful i n  grouping the Orthopoxvirus es i nto 

speci es , S al I endonuclease  profi l es also showed intra­

speci es , i . e .  s train differences . T hi s  observation o f  s t rain 

differences wi thin Orthopoxvirus speci es was confirmed 1 n  

the findings of  Mackett  and Archard ( 1 97 9 ) ; whi l e  Wi t t ec k  

et  al . ,  ( 1 9 80 )  reported the exi s tence o f  s train differences 

wi thin species of P arapoxvi rus i . e . Stomati t i s  Papulosa  

and Or£ virus . 

Whether or no t di fferences i n  res tric tion pattern 

between s trains ref l ec t  biological  di fferences or no t i s  

ano ther matt er .  For examp l e , S kare et al ( 1 97 5 ) observed 

that 2 strains o f  HSV-1 t hat s howed s l i ghtly di fferent 

patterns ( one from the o t her ) were shown to be func ti onaly 

simi l ar to one ano ther , yet  di fferent from other HSV- 1 

s trains , e . g .  i n  their abi l i ty t o  trans form hams t er embryo 

fi brobl as t cel l s . 

However , examin at i on o f  s trains wi thin  one speci es o f  

virus has yiel ded new i n forma tion on the exi s tence o f  a new 

type of  virus i n  the case  o f  s tudy of Human P api l l ama Vi rus 

( HPV ) by Gi ss man et a l . ,  ( 1 9 7 7 ) . These workers examined 3 6  

isol ates o f  HPV from i ndivi dual human warts  by REA ( using 

EcoRI , BamHI , Hind I I , Hind I II ,  Hpa II and Hae I I I ) . Four 

different cl eavage p a t t erns were obs erved , and whi l e  t hree 

i so lates ( HPV1 , HPV2, HPV3 ) had many cl eavage s i tes  in  

common , a fourt h  one ( HVP4 ) was  found to be entirely 

di fferen t . T hey conclude d , after further examination o f  

these isolates  by o ther met hods , e . g .  s ero l o gi ca l l y , that 

whi l e  HPV1 -3 are c l osely  rel a ted , HPV-4 repres ents  a n ew 

human papi l loma virus . 
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I n  the l i ght of i ndic ations of qui te  ext ensive 

s t rain vari ation wi thin a virus speci es by REA , the 

homogenei ty of i s olates of L eptospira interr�Jans serovar 

nardj o ( Marsha l l  et al . ,  1 9 8 1 ) and Mycopl asma hyorhini s 

( D arai e t  al . ,  1981 ) ,  from widely di ffering sources , 

provi des an in teres ting contras t .  

1 . 2 .  4 Epi d e mi o logi cal s tudi es 

The abi l i ty o f  REA to unequivocal l y  i denti fy s trains 

wi thin a species , has been us ed in  epi demiological s tudi es 

o f  viruses - principally  Herpesvi rus es . The techn i que has , 

so far , proved mos t useful  in the s tudy of the infec tions 

of Herpes S implex Virus ( HSV ) Types 1 and 2 .  To i l lus trat e  

thi s , s everal epi demiological s tudi es o f  HSV are cons i dered  

below .  

HSV  Types 1 and 2 are wi despread wi thin the human 

popul ation , and can cause serious , and sometimes fatal , 

di seases . The contro l  of spread o f  i nfec tion requires an 

unders t anding of t he epi demi ology of the organi sm , and 

Res tri c t i on Endonuc lease  Analys i s (REA ) has provi ded a 

us eful tool for t hi s  purpo s e . The us e o f  REA in  epi dem­

i o logi cal  s tudi es i s  based on t he as sump ti on t hat epi dem­

iologi a l ly unrel a ted s trains o f  virus s how di fferent 

res tri c ti on pat t erns . 

L inne��n e t  a l . (1978 )  report ed the unusual occurrence 

of HSV-1  infect i on of 2 neonates  wi thin the s ame nurs ery 

( mos t  neonatal herpetic  i nfec t i ons are caused by HSV-2 ) . 

REA on t he two i so l ates from t he nursery , together wi th  two 

unrelated iso l a tes , was performed in  a " bl i nd"  s tudy , i . e .  

all  4 i so l a t e s  were coded , REA performed and the resu l ts 

obtained wi t hout  t he investi gators ' knowl edge as to t he 

ori gin of the i so l ates . The resul ts s howed that al l were 

HSV-1 and that 2 were indi s t i ngui shab l e  one from the other 

( regardless o f  r e s tri ct ion enzyme used ) whi l e  t he o t her two 

isol ates di f f ered from each other as wel l  as  from t he two 

i dentical  i so l at e s . Upon breaking t he code , i t  was apparent 

that the indi s ti n gui s hable pair were i so l a t ed from t he 

neonat es under s tudy . I t  was concluded , t herefore , that 



either the neonates had been infec ted by a common s ource , 

or the infec tion had been t ransmi tted from one neonate to 

the other by nurs ery s taff . Chrono logical  data support ed the 

l atter hypo thesi s . 

A simi l ar application was used ln a s tudy report ed 

by Buchman et al  . . ( 1 9 7 8 )  in  which an outbreak o f  herpetic  

di sease was experi enced i n  association wi th a Paedi atri c 

Intensive Care Uni t .  Nine i s o lates from thi s outbreak , as 

wel l  as 5 unrelated i s o l a tes were coded and a " bl i nd" s tudy 

perf)rmed by REA usi ng 4 res t ric tion endonuc l eases . I t  

became cl ear on breakin g  the code , that analyses of the 

isol ates readi ly di s crimi nated  between those bel onging to 

the temporal c lus ter o f  hospi tal i nfect ions and the 

unrel ated s trains . They a l s o  s howed that there were 2 

independent introducti ons o f  HSV-1 , resul t ing i n  2 c l us t ers 

of epi demiologi cally unrel at ed infec t ions . 

I n  thi s  way , REA has been us eful in " fingerpri nting"  

s trains of herpesvi rus i so l ated from di fferent s�urces to 

provi de informa tion on source and spread of infection when 

an outbreak has occurred . 

An important featur e  o f  Herpes Simpl ex Virus i s  i t s 

abi l i ty to become l atent  i n  the gangl i a  aft er primary 

infection of epi the l i al c e l l s ,  then , fo l l owing  a s timulus , 

to caus e recrudescence o f  the di s eas e .  LGns dale et  al . 

( 1 979a )  analys ed the res t ri c ti on profi l es of 3 1  HSV-1 

i sol ates from the tri geminal , superi or cervi cal and vagus 

gangl i a  from 1 7  indivi dual s  ( 1 2  from USA ; 2 from Jap an ; 3 

from Norway) . Wi t h  t he exception of the 3 Norwegian 

i solates which gave i dentical  res tri c t i on profi les , virus 

i so lates from t he gang l i a  o f  di fferent i ndivi dual s  cou l d  

a l l  b e  di s tingui s hed  one from ano ther . In contras t ,  vi rus 

i s o l ates  from the tri geminal , superior cervi cal and vagus 

gang l i a  of the s ame i ndivi dual , or virus i so l a tes from 

explants  of a s i n g l e  gang l i a  were indi s t i ngui s hable .  O n  

the basi s  of t he s e resul ts , i t  was concluded that a s i ng l e  

virus s train infects  each i ndivi dual i ni t i al ly ,  and virus 

descended from t hi s  event subs equently  i nfec t s  and becomes 

l atent in differen t  c e l l s  o f  t he same ganglion as wel l  as 
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1 n  di fferent gang l i a .  

Therefore , the use o f  REA on i so l ates o f  HSV-1 has 

provided further evi dence of l a t ency of a primary infecting 

s train in  the gangli a ,  whi ch may caus e recrudescence o f  the 

disease fol l owing a s timulus . 

Rescrudes cences do no t neces s ari ly  only occur fo l l owing 

s timulation of the l a tent virus . Ano ther pos sible  source o f  

recrudescent l e s i ons i s  reinfect ion wi t h  exogenous vi rus . 

Buchman et  al . , ( 1 97 9 ) , analysed 1 7  coded i s o l ates of HSV- 2 

from geni tal and peri geni tal l es i ons o f  8 pati en t s  bv REA 

wi th 4 res tri c tion enzymes . The resul t s  showed that , in 2 

of the pati ent s , i nfec tion wi th H SV-2 in  the s ame or nearby 

s i t e  occurred i n  the face o f  a pri or  i nfection wi th  a 

genetical ly different s train of the s ame sero type . 

REA has no t been confined s o l ely  to human herpesvi ruses . 

S abine et  a l . , ( 1 9 81 ) developed a rap i d  techni que that 

di s tingui shed 3 aborti geni c s trains o f  Equine Herpesvirus-1 

from 3 non-aborti genic s trains ( by REA us ing E coRI , Bgl i i  

and B arn HI ) . These workers s howed t hat s i gni fi cant di fferences 

in res tric tion pattern exi s t  between aborti geni c s trains 

( whi ch were i dentical  to each o ther ) , and non-aborti geni c  

s trains ( whi ch s howed minor di fferences from each other ) . 

These resul ts  correspond to di fferences between s trains as 

s hown by t heir behaviour 1n c e l l  cul ture and by s erol ogi cal 

tes t s . Therefore , REA has been used to di s ti ngui sh p athogenic 

from rel atively non-pathogenic s tr ains . 

Thi s techni que has al s o  been used in examination of 

DNA viruses  other than Herpesvi ruses . Gi s sman et  al . ,  ( 1 9 7 7 ) 

examined 3 6  i solates  of Human Pap i l loma Virus from i ndivi dual 

human wart s  ( Verrucae vulgares and Verrucae p l ·an tares ) . 
They reported the di scovery of a new Human P ap i l l oma Virus 

( HPV-4 ) , which was markedly di fferen t from t he previ ous ones 

HPV1 , HPV2 , and HPV3 - whi c h  wer e  c losely rel a ted , having 

many c l eavage s i tes  in common . In addi t i on , t hey reported 

prel iminary dat a  that sugges t ed that HPV-4 occurs 1 n  

approxi ma tely 2 0% o f  Verrucae vulgares wi th  l ow virus 
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produc tion , whereas HPV1 occurs i n  approximately 7 0% o f  

these warts wi t h  hi gh virus yi e l ds . T herefore , REA has no t 

only led to the di s covery o f  a new s train  of virus , but 

provided informa t i on on a pos s i b l e  associ ation o f  virus type 

wi th particular l esions produced . 

Simi l arly , Os trow et al . ,  ( 1 9 8 1 ) s howed t hat the 

papi llomavi rus DNA o f  i solates from 4 meathandl ers to be 

di s tinct from that of known HPV , indi cating the exi s t ence o f  

a ' new ' HPV . Whi le REA has been us ed i n  the s tudy o f  t he 

epi demiology o f  DNA virus es such as Human Pap i l l oma Virus 

( see above ) ; Orf vi rus ( Robinson et al . ;  in pre s s ) ; and 

Adenovirus ( Wadell  et al . , P ar t  I ) , the most ext ensive use  

of the techni que in  epi demi o l ogical  s tudi es has been wi th 

Herpes S imp l ex Virus . 

So :far , we have cons i dered the power o f  REA to 

di stingui s h  i s o la t es wi t hin  a speci es . However , i t  can also 

be used as an une quivocal method to dis tingui s h  be tween 2 

rel ated spec i es , especi a l l y  HSV1 and 2 .  Thus , whi l e  

di fferent s trains can b e  di s tingui s hed wi t hi n  bot h  H SV-1 and 

HSV-2 by differences exhibi t ed i n  their res tri c t i on pro fi l es , 

these di fferences are minor compared wi th tho s e  t hat enabl e 

HSV-1 to be di s tingui s hed from H SV- 2 . HSV types 1 and 2 

have been di fferentiated by a number of methods , e . g .  kine t i c  

neutral i sa t i on ,  indirect i mmuno-peroxidas e tes t s , which tend 

to be time-consuming . Lons dale et  al . , ( 1 9 7 9b ) developed a 

rapi d ,  s imp l i fi ed techni que bas ed on the REA o f  radi oac tivi ty­

label l ed DNA o f  H SV . T he s e  workers stat ed t hat t hi s  t echni que 

di stingui s hes HSV-1 s trains from HSV-2 s trains unambi guous ly  

and that l arge numbers o f  i so l at es can be s creened in  3 to 4 

days . Cons equen tly , t hi s could  be parti cu l arly valuable  in  

large-scal e epi demi o l o g i c a l  s tudi es , e . g . in  examining the 

preval ence of a par t i cul ar virus wi thin a popu l a t i on over a 

period o f  time . 

1 . 3 Effect o f  genome s i ze on Res tri c t i on Endonuc l ease 

Analysi s  

Most res tri c ti o n  endonucl eases c an be consi dered i n  2 

general group s : t ho s e  that recogni se and c l eave a t  4 base pair  
s equences , and  t ho s e  that  recogni se and c leave a t  6 bas e pair  
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s equences . Therefore ,  assuming a G � c  cont ent  of SO% , and 

random bas es ( perhaps a s omewhat naive theoretical approach ! ) ,  

the average s i z e  o f  DNA fragments woul d be 1 . 8 x 1 0 5 dal tons , 

and 2 . 9  x 1 06 dal tons for endonuc l eases that recogni s e  4 and 

6 bas e  pair sequences res pectively . Thi s  implies that a 

"medium-s i zed" virus wi t h  DNA o f  mo l ecul ar wei ght 1 0 8 dal tons , 

e . g .  Herpesvirus , should generate 5 5 6  fragments wi th an 

endonucl ease tha t  recogni s es and c l eaves a t  4 base pai rs , 

and 3 5  fragments wi t h  a 6 base pair endonuc l eas e .  Such a 

calcula tion i s  only a rough gui de , s ince bas e pairs wi l l  no t 

be random , and G+C content wi l l  not be 50% . I ndeed , the 

number o f  fragments g enerated in Herpesvirus DNA wi th 

EcoRI ( a  6 bas e-pair  endonucleas e )  is only 1 4 . 

Current  t echnology of gel elec trophores i s  sets  a 

limi t on the numbe r  o f  bands that can be recogni s ed . Whi l e  

the upper limi t  i s , t o  some ext ent subj ective , probably 

mos t  obs ervers wou l d  a gree , the number woul d  be between 30 

and 1 00 .  T aking t he actual fi gure of 1 4  bands for Herpes­

virus , which has DNA of mo l ecul ar wei ght 1 0 5 dal tons , and 

i gnoring G+C conten t , one woul d expect Mycopl asma DNA whi ch 

has a mel ecul ar wei ght o f  approximately 5 x 1 0 8 dal tons 

( Bergey ' s Manual of Determinative Bac terio logy ,  8 th E d . ) 

woul d give 5 times t he number of bands , i . e .  70 . Thi s 

specul ative es t i ma t e  may be too l ow becaus e the G+C conten t  

of M .  ovipneumoni ae i s  l ow ( 2 8% ) , and EcoRI recogni s es a 

6 base pair sequence that i s  A-T-rich . Whi l e  this  mi ght be  

too hi gh a fi gure for unequivocal  i dentification of  

individual b ands , i t  does give some grounds to  suppose that 
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i t  mi ght b e  pos si b l e  t o  di s tingui s h  s trains o f  M .  ovipneumoni ae 

by REA . I t  was such a calcul ation that encouraged us to  

embark on the pro j ect  o f  examining s trains o f  M .  ovipneumoni ae 

by REA . 

I n  the cour s e  of t hi s s tudy , i t  became c lear from t he 

l i terature , that microorgani sms l arger than viruses cou l d  

indeed b e  examined and i dent i fi ed by REA . These  micro­

organi sms , inclu� ed bac teri a , e . g .  L �tospira ( Marshal l 

et  al . ,  1 981  ) ;  Rhi zobium ( Mi e l enz e t  a l . ,  1 97 9 )  and 

Mycoplasma hyor hini s ( Darai  e t  al . ,  1 9 8 1 ) .  Resvl ts  recen t l v  



ob:ained \Vi : h M .  hvorhini s (Darai e t  a l . ,  19 81 )  s eem to be 

in con tras t wi th  the pres ent work , however, detai l ed 

c �nsi dera t ion of  thi s  work in  rel a ti on to our own resul t s  i s  

deal t wi t h  i n  the General Di s cu s s i on . 
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CHAPTER 2 D evelopment o f  Res t riction Endonucl ease 

Analysis  for Mycop l asma ovipneumoni ae 

2 . 1  Growth s tudi es of two s t rains of M .  ovipneumoni ae 

in  vi tro 

2 . 1  . 1  I ntroduc tion 

Growth s tudi es of M .  ovi pneumoni ae in vi tro ( Ma j or 

et al . ,  1 97 9 )  revealed an exponential  phase whi ch progres sed 

immedi ately into the death phas e ,  i . e .  no  stati onary phas e 

was obs erved . Spont aneous lys i s  of mycoplasma cel l s  whi ch 

occurs in  the death phas e ,  mi ght rel eas e the DNA into the 

surrounding medium . S ince nucl eases are present in the 

s erum ( whi ch cons ti tutes 1 0% o f  the FM4 medium ) , the 

exposure of the DNA to t hes e coul d al ter the res tri c tion 

enzyme cl eavage pattern of mycopl asmal DNA . 

Therefore , in an a t t empt to ensure a l l  cul tures were 

ln the exponenti al p hase of growth ,  when harves t ed for DNA 

extraction , i t  was decided to inves ti gate a met hod of 

es tima ting growth in  cul tures propagated under di fferent 

condi tions , i . e .  s haking and s tationary . 

Growth s tudi e s  ( Maj or  et  al . ,  1 9 7 9 )  showed that 

cul tures remain in T he exponenti al phase of growth unti l  t he 

turbi di ty s tops i nc reasi ng , at  whi ch poin t  the death phase 

rapi dly ensues . However , prel iminary obs ervations reveal ed 

t hat some batches of FM4 medi a formed precipi tates to 

varying ext ents on i ncubation at  3 7°C ,  which woul d  i n terfere 

wi th the interpret a ti on of turbi di ty  readings of a cul ture . 

Consequently , i t  was deci ded to us e measurements of pH 

change  of the med i um to indi cate growth , and compare the s e  

wi th final turbi d i ty readings , in  order to find the bes t 

times to harves t the cul tures . That i s , the range o f  pH 

readings , wi thi n  whi c h ,  one could  be reasonably certain 

that cul tures were s t i l l  wi thin the exponential  phas e .  

T herefore , t hi s  s ection inves ti ga tes the growth o f  

cul tures of 2 s trains of M .  ovi pneumoni ae , s haking and 

s tationary ,  usi ng turbi di ty and pH readings of the medium as 

indicators of growth .  
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2 .  1 . 2 Materi als  and Methods 

a ) FM4 medium - S ee Appendix 

b ) Source of M .  ovipneumoni ae s trains 

S train 2 was isolated from the lungs o f  a New Zeal and 

sheep 1 n  1 9 7 3  by Dr J . K .  C l arke . S train 1 0  was i sol ated 

from the lungs of an Aus tra l i an sheep , and was kindly 

supp l i ed by Dr T . D .  S t .  George . 

c ) Propagati on o f  M .  ovi pneumoni ae s trains 

Dup l icate cul tures of each of two M .  ovi pneumoniae 

s trains ( 2 and 1 0 ) wer e  prepared as fol lows : 

9ml o f  FM4 , in a 2 5ml univers al bo tt l e ,  was 

inoculated wi th 1 ml o f  a s tock cul ture , whi ch was s tored at 

-7 0°C , and incubated at 37°C unt i l  a colour change of the 

medium was firs t obs erved ( to approximately pH 7 . 2 ) . At 

thi s  s t age , the cul ture was added to approximately 300ml of 

pre-warmed FM4 in a 1 l i tre coni cal  flask . S trai ns 2 and 

1 0  were propagated 1 n  dup l i cate - one 300ml cul ture was 

plac ed on a ro t?ry s haker ( 1 2 5rpm ) ; and the o t her was l eft 

s tationary , at  37°C .  Approximat ely 5ml s amp l es were removed 

at int erval s  and the pH reading and turbi di ty* measuremen t 

was t aken . Thi s  was continued unti l no further pH change or 

increase in  turbi di ty occurred . 

2 . 1  . 3  Resul t s  

Dup l i cate cul tures of s trains 2 and 1 0  o f  M .  ovipneu­

moni ae were measured for pH change and turbi di ty aft er 

incubation - one s haking , and one s tati onary - at 37°C .  

The final turbi di ty readings of a l l  4 cul tures are 

s hown in T able I :  

*Turbi di ty measurement s  were taken using a Bausch and L omb 

Spec troni c 2 0  Spectrophotometer at 6 40nm . 
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F inal Turbi di ty Readings 

S train S tati onary S haking 

2 

1 0 

TABLE I 

0 . 1  2 5 0 . 50 

0 . 1 4  0 .  54 

Final Turbi di ty readings of 4 

cul tures of M .  ovi pneumoniae 

Growth curves o f  s t rains 2 and 1 0 , s haking and 

s tationary , us ing measurement of pH of the medium as a 

growth indi cator , are s hown in Fi gure 1 .  
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8 . 0  

7 . 5  

6 . 5 

p H  

6 . 0  

5 . 5  

5 . 0 

Fi gure 1 

, -----/::J -----� -- /::,. 

o------o--d 
t 

2 0  40 6 0  8 0  1 00 1 20 

time ( hours ) 

Moni toring pH o f  s tati onary and s haking cul tures 

of two s trains o f  M .  ovi pneumoni ae ( s trains 2 

and 1 0 ) . t::. = s trai n 2 shaking ; • = s trai n 2 

s tationary ; o = s train 1 0  s haking ; • = s t rain 1 0  

s ta ti onary . Arrows i ndi cate a t  whi ch point  

maximum turbi di ty occurred . 
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2 . 1  . 4  Conc l us i on 

Severa l  conclusi ons were drawn from the resul ts o f  

thi s  experiment : 

1 .  Cul tures that were incubat ed whi l e  s haking grew 

more rapi dly t han did those  incubat ed whi l e  

s tationary ( F i g .  1 ) .  

2 .  Cul tures that were incubated whi le  shaking gave 

a greater yi e l d  of cel l s  than did tho s e  incubat ed 

whi l e  s tati onary ( Tabl e I ) . 

3 .  As a cons equence o f  the previ ous two points , i t  

was conc luded that , for DNA extrac tion , s trains 

should be propagated in a s haking cul ture . 

4 .  Although the cul tures remained in  the exponenti al  

phas e unti l t he reac tion o f  the medium reached 

approximately  pH 6 . 0 ;  nevertheless , i t  was 

deci ded to harves t cul tures whi l e  the reaction o f  

the medium was i n  the range pH 6 . 5 - 7 . 0 .  In 

thi s  way , even allowing for s train vari abi l i ty ,  i t  

was ensured that cul tures had no t yet reached the 

death phas e ,  i . e .  were s t i l l  wi thin  the exponent i a l  

phas e of g rowth , when harves t ed for DNA extrac t i on . 
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2 . 2  REA of cul tures harves ted in the death phase 

2 . 2 . 1  I ntroduc tion 

I t  was decided to attempt to ensure that all  cul tures 

of M .  ovi pneumoni ae , propagated for DNA ex trac tion , were 

harves ted whi l e  s ti l l  wi thin the exponential  phase of growth ,  

to avoid the lysis  of c e l l s  whi ch occurs i n  the d eath phas e 

( Ma j or et al . ,  1 9 7 9 )  and so p revent pos s i ble  exposure o f  the 

DNA to s erum nucleases pres en t  in  t he medium ,  whi ch would 

a l t er the res triction enzyme cl eavage  pat tern . However , 

technic al errors ( i . e . inadvert an t  harves ting of cel l s  

during the death phas e)  o r  poss i b l e  premature lys i s  of cel l s  

wi thin exponential  cul tures , cou l d  resul t i n  inadvertant 

exposure of the DNA to s erum nuc l eases . Thi s s ection 

examines the e ffect ( i f any) on the res t ric tion patterns o f  

one i s o l a t e  when harves t ed in the death phase as comp ared to 

s tandard condi tions . 

2 . 2 . 2  Mat eri als and Methods 

Thi s  s ection valida t es the bi o logical aspects of t he 

t echni ques for DNA analys i s . The proc essing of cul tures for 

DNA extrac tion ,  di ges tion and electrophores i s  is d escri bed 

in a subs equent s ec tion ( Chap ter 2 . 4 ) .  

FM4 Medium - See Appendix .  

S train of M .  ovipneumoni ae 

M1 4 - 7  was i so l ated from the nasal cavi ty of a l amb 

ln 1 9 81  and cloned , as descri bed in Chap ter 3 . 1 _ . 2 ( a ) . 

Produc tion of exponen t i al and death phas e cul tures o f  

M .  ovi pneumoni ae 

Duplicate  9 . 0ml ali quo t s  o f  FM4 in  a SOml coni cal 

flask , were each inoculated wi t h  1 . Oml of s tock cul ture from 

-70°C freezer , and incubat ed at 3 7°C on a ro tary s haker at 

1 2 5rpm . When a colour change was obs erved , indi cating the 

cul ture had reached approximat ely pH 7 . 0 ,  the dup l i c a t e  

1 0ml cul tures were each added t o  300ml o f  prewarmed FM4 i n  

a 1 l i tre coni cal  fl ask . Both  cul tures were i ncuba ted 
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shaking at 3 7°C cel l s  were co l l ec t ed from one cul ture 

when the pH of the medium reached pH 6 . 9  and from the o ther 

after a further 24 hour p eriod of incuba tion , when the 

reac tion of the medium was pH 5 . 8 .  

Cel l s  were col l ected , the DNA ex tracted , analysed , 

di ges ted and e l ec trophores ed i n  an agarose gel whi ch was 

then pho tographed ( s ee Chap ter 2 . 4 ) . 

2 .  2 .  3 R esul t s  

A s train o f  M .  ovipneumoniae ( M1 4-7 )  was grown i n  

duplicate cul tures , and harves ted respectively in  the 

exponent i a l  and death phas es . The DNA was ex tract ed and 

proces s ed independently for each cul ture ( s ee Chap t er 2 . 4 ) 

and the res t ri c t i on enzyme patterns compared . 

The resul t s  are s hown ln F i g . 2 .  

The spectrophotometry profi l es for both nucl eic  aci d 

ex tracts i s  s hown in T abl e I I . 

260  
Wavelength ( nm)  2 30 240 2 50 2 60 2 7 0  2 80 tRa  t i o  28TI 

Nucleic acid 
extrac ted from 0 . 06 0 . 0 7  0 .  1 1  5 0 . 1  3 0 . 1 0 0 . 06  2 . 1  7 exponential  
cul ture 

Nuc l eic  acid 
ex trac ted from 
death phase 0 . 6 5  0 .  5 1  0 . 49 5 0 . 48 0 . 42 0 . 34 1 . 4 
cul ture 

Table  I I  S p ec trophotometry pro fi l es o f  nuc l ei c  aci d 

extrac t s  from exponential and dea th  phas e cul tures 
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F i gure 2 Compari son of REA pat t erns of DNA from 2 
cul tures of a s train of M .  ovi pneumoniae ( M1 4-7 ) , 

harves ted in  the log phase ( l ane 1 ) , and t he death 

phas e ( l ane 2 ) . The DNA was d i ges t ed wi th  EcoRI , 

e lectrophoresed through a 0 . 7% agarose gel  into which 

was incorporated Ethidium Bromi de ( O . Sug/ml ) . The 

gel  was i l luminated by ul travi o let  light , and photo­

graphed t hrough a Wratten 2 3� fi l ter . No di fferences 

in patt ern were detec t ed . 
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2 . 2 . 4 Conclusion 

I t  can be seen ln Fi gure 2 ,  that t he res tri ction 

pattern of DNA extracted from cul tures i n  the death phase 

does not di ffer from that of DNA ex trac t ed from cul ture ln 

the exponenti al phas e . Thi s i mp l i es that it may be 

acceptabl e to harves t cel l s  in the death phas e .  I t  was , 

neverthe l ess , deci ded , on firs t principles , to routinely 

harves t cel l s  i n  the exponen t i a l  phas e al though thi s may 

be unnec es s ary . 

Despi te  the unchanged res t ri ction pattern o f  DNA from 

death  phase cel l s , i t  was obs erved that there was a 

difference between the DNA , from the two cul tures , in their 

spectrophotometry profi l es . T he DNA from the exponential  

phas e cul ture exhibi ted a s t andard profi l e , i . e . the 2 30nm 

reading was equal to the 2 80nm reading ; the ratio o f  2 80nm 

reading to the 2 80nm reading was wi thin the range 1 . 8 to 

2 . 4 .  

I n  interes ting contras t ,  t he DNA from the dea th  phase 

cul ture exhibi ted an unusual pro fi l e ,  i . e .  the 2 30nm readi ng 

h 8 
. 

h 260 . 
was no t equal to t e 2 On m readln g ; and t e 280 ra tlo  was 

below the range 1 . 8 - 2 . 4 .  

The reasons for thi s  vari a t i on in spectropho tometry 

pro fi le  were not inves t i gated , since  death phase cul tures 

were not used in further exp eriment s . 
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2 . 3  E ffect on res triction pattern of freezing c e l l  

suspensi ons prior t o  DNA ex trac tion 

2 .  3 .  1 I ntroduc t i on 

Preliminary obs ervations indi cated tha t  di fferent 

i solates o f  M .  ovipneumoni ae s howed markedly varying growth 

rates in vi tro . Es t ima ted divi sion times vari ed from l ess  

than 5 hours to 1 2  hours , for both  nasal and lung  i so l ates , 

therefore cul tures of i so l ates ( propagated in FM4 for DNA 

ex trac tion )  reached the exponenti al phase a t  varyi �g ( and 

often inconveni en t )  times whi ch were di fficul t to predi c t .  

S ince i t  was dec i ded that cul tures were to be harves ted 

whi le  l·n the exponential  phas e ,  i t  became neces s ary to hal t 

the procedure a t  some poi nt ,  preferably before l ys i s  o f  the 

cel l s  wi th Pronase and SDS . I t  was therefore deci ded to 

harves t the cul tures , resuspend the cells  in Tri s-EDTA . then 

freeze the c e l l  suspens ion a t  -7 0°C unti l required . However , 

i t  was no t known i f  freez ing the cell  suspens i ons , then 

thawing them before lys i s  and ex trac tion o f  the DNA , would 

damage the DNA in a way that would  affec t the res tri c ti on 

pat tern . Therefore , thi s s ec t i on inves tiga t es the effec ts , 

i f  any , o f  freezing and thawing cel l suspensions , on the 

pat tern of bands produced after di ges tion of the DNA wi th 

a res tri c t i on endonucl eas e . 

2 . 3 . 2  Materi als  and Methods 

PBS - S ee Appendix 

FM4 Medium - S ee Appendix 

Tri s-EDTA S o lu t i on 

1 . OM Tri s-HCl  pH  7 . 5  
0 . 2M EDTA di sodium sal t pH 7 . 2  

D i s ti l l ed water 

Make up fres h from s tock solutions 

S train of M .  ovi pneumoni ae 

1 .  Oml 

5 . 0ml 

4 . 0ml 

before use  

S train 1 0  was i so l ated fron t he l ungs o f  an 

Aus tra l i an s heep and kindly suppl i ed by Dr T . D .  S t  George , 

i n  1 97 3 .  
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Propagation of s train of M .  ovi pneumoni ae 

One 9 . 0ml ali quo t of FM4 medium in a 50ml coni cal  flask , 

was inocul ated wi th 1 . Oml o f  s tock cul ture from -7 0°C freezer , 

and incuba ted at  37°C on a ro t ary shaker at 1 2 5rpm . When a 

colour change , indi ca ting t he cul ture had reached approxi­

mately pH 7 . 0 , 1 . Oml was inoculated into 9 . 0ml of fresh FM4 

mediTh� ,  whi l e  the remaining 9 . 0ml was inocul ated into 

approximately 300ml o f  FM4 medium in a 1 l i tre coni cal flas k .  

Bo th cul tures were i ncuba ted a t  37°C on a ro t arv shaker at 

1 2 5rpm . 

C el l s  were col l ec t ed from the 300ml cul ture by 

centri fugat i on when the reac t i on o f  the medium reached 

pH 6 . 9 ,  washed twi ce wi th 2 x 2 0ml of PBS , resuspended in 

1 . Oml of Tri s-EDTA and fro zen at -70°C .  

When t he 1 0ml cul ture had reached pH 7 . 0 ,  i t  was 

inocul a t ed into 300ml of FM4 in a 1 l i tre coni cal flask , 

and the cul ture i ncubated at 3 7°C on a ro tary shaker 

( 1 2 5rpm) . Cel l s  were col l ec t ed by centri fugation when t he 

reac tion of the medium reached pH 6 . 9 5 , was hed twi ce wi th 

2 x 20ml of PBS and resuspended i n  1 . Oml o f  Tri s-EDTA . At  

thi s  s t age , the firs t cell  suspensi on was t hawed , and bo th 

cel l sus pens i ons were lys ed , the DNA extrac t ed , analysed , 

di ges t ed and elec t rophoresed i n  an agarose gel whi ch was 

then i l lumina ted wi th ul travi o l e t  l i ght and photographed 

( s ee Chap t er 2 . 4 ) . 

2 . 3 . 3 Resul t s  

The DNA of M .  ovipneumoni ae s train 1 0  was ex trac ted : 

a )  immedi ately fo l lowing the prop aga tion and harves t  of one 

cul ture ; and b )  after the cell  suspens ion had been fro z en 

at -70°C .  The DNA was proces s ed independen t ly for each 

cul ture ( s ee Chapt er 2 . 4 ) , and t he res triction enzyme 

patterns compared . 

The resu l t s  are s hown in F i g .  3 .  

The spec t ropho tometry pro fi l es were s t andard for bo th 

extrac t s , i . e . the 2 30nm readings were approximately eoual 
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to the 2 80nm readings ; and bo th ;�g ratios  were wi thin 

the range 1 . 8 - 2 . 4 .  
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F i gure 3 Comp ar i s o n  o f  REA p a t t erns from 2 

c u l tures o f  a s t rai n o f  M .  o vi pn eumoni ae ( s train 1 0 ) : 

t he DNA i®ne d i a t e ly ex t ra c t ed from t he c e l l s us p ens i o n  

( l an e  1 ) ,  a n d  fo l lowi ng t hawi n g  o f  t he c e l l  sus p en s i o n  

t h a t  had b e en s to red a t  -7 0
°

C . N o  d i f f erences in 

p a t t ern were de t e c t ed . 



2 . 3 . 4  Conc lusion 

F i gure 3 shows that no change in res tri c tion p a t t ern 

occurs when the cell  suspensions are frozen at  - 70°C 

prior to the extraction o f  DNA . This meant  that the cell  

s uspens ions could be  s tored a t  -7 0°C until reaui red . 
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2 . 4  Res tri ction  Endonuc l ease Analys i s of Mycopl asma 

ovi pneumoni ae : Materi als  and Me thods 

2 .  4 . 1  Propagation of mycopl asmas for DNA extrac t i on 

1 .  :M4 Medium - S ee Appendix 

2 .  Tri s-EDTA S o lution 

1 . OM Tri s-Hcl pH 7 . 5 1 . Oml 

0 . 2M EDTA d i sodium salt  pH 7 . 2  5 . 0ml 

D i s t i l l ed water 4 . 0ml 

Made up fresh from s tock soluti ons before us e .  

3 .  Phosphate  Buffered Saline ( PBS ) - See  Appendix .  

Propagation o f  Mycopl asma ovi pneumoni ae 

To prepare s tock inocul a of M .  ovi pneumoni ae , i so l a tes 

were propagated at  37°C in FM4 medium un t i l  the medium 

reached pH 6 . 5 - 7 . 0  ( at t hi s  s tage cul tures are s t i l l  i n  the 

exponential  phas e ) . Then 1 . 5ml a l i quo t s  were fro zen at 

-7 0°C unti l requi red . 

To prepare a cul ture for DNA ex trac ti on , 1 3 . 5ml of 

FM4 in a 50�1 coni cal flas k ,  was inocul a ted wi th 1 . 5ml o f  
0 0 s tock cul ture from -70  C freez er , and i ncuba ted at  3 7  C on a 

ro t ary s haker at 1 2 5 rpm . When a colour c�ange was s een , 

indicating the cul ture had reached approximately pH 7 . 0 ,  the 

1 5ml was added to approximately 3 00ml o f  prewarmed FM4 i n  a 

1 l i tre coni cal  fl ask . The cel l s  were harves t ed when a 

co l our change indicating a reac t i on o f pH 6 . 5 - 7 . 0 was 

obs erved . 

Harves ting M . ovi pneumoni ae cel l s  

The M .  ovi pneumoni ae cel l s  were col l ec ted by 

centri fugation at 1 4 , 500g for 30 minutes , and washed twi c e  

wi t h  2 x 2 0ml o f  s teri l e  PBS . The c e l l s  were then 

resuspended i n  1 . 5ml of Tri s-EDTA s olution : 1 ml was s tored 

at - 70°C for DNA extraction , and 0 . 5ml s tored a t  4°C for 

gel  precipi tin  t es t s . 
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2 . 4 . 2  

1 . 

2 .  

3 .  

4 .  

Extraction of DNA from mycopl asmas 

1 01o SDS  

Prona s e  

1 01o w/v Sodium Dodecyl Sulphate 

( BDH - s p ecially pure ) . S tored a t  

room temperature wi thout autoclaving . 

1 0mg/ml i n  disti l l ed water ( Ca l bi o­

chem B grade ) . I ni tially 

preincuba t ed at 37°C for 2 hours to 

remove DNAas e ac tivi ty . S tored at 

-20°c .  

Sal ine Tri s-EDTA 

( STE ) Buffer ( 1 0X )- 5M NaC l - 20 . 0ml 

Pheno l 

1 M  Tri s-HCl pH 7 . 5 

0 . 2M EDTA disodium 

sal t )  pH 7 . 2  

D i s t i l l ed water 

- 50 . 0ml 

5 . 0ml 

- 2 5 . 0ml 

Di luted 1 /1 0  before us e .  S tored at room 

temperature . 

Redi s ti l l ed under Ni trogen and 

s t ored in t he dark at -20°C under 

Ni trogen . 

5 .  Chloro form Reagen t  Grade . 

6 . I so-Amyl Alcoho l - Reagent Grade . 

7 .  Di alys i s  Tubing 

( 1 0mm f l a t  wi dth - Proces s ed as fo llows : Sui tabl e 

l engths were cut and boi l ed i n  an 

aqueous s olution of 51o Sodium C arb­

onate soluti on . The solution was 

changed unt i l no odour or co lour 

could  be det ec t ed . The di alys i s  

tubing was t hen boi l ed i n  di s t i l l ed 

wat er onc e ; in . 001 M EDTA once ; 

was hed wi t h  di s ti l l ed water ; boi l ed 

again in  di s ti l l ed wat er and a l l owed 

to cool . The proces s ed di alys i s  

tubing i n  di s ti l l ed water was s tored 

at 4°C .  
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8 .  Tri s-EDTA ( TE )  Buffer 

DNA Ex tract i on 

1 M  Tri s-HCl 

pH 7 . 5  - 40ml 

0 . 2 EDTA ( di so dium 

s al t )  pH 7 . 2  20ml 

D i s t i l l ed water to 4000ml 

M .  ovi pneumoni ae i s o l ates , propagated in FM4 and 

harves t ed in the exponential  phas e were centri fuged , 

resuspended and frozen in 1 . Oml o f  Tris-EDTA solution and 

s tored at  -70°C unti l required ( see Chapter 2 . 4 . 1 ) .  Cel l 

suspensions were then thawed , and to  each i s o l at e , 1 00ul of  

1 0% SDS  and 1 00ul of 1 0mg/ml o f  Pronas e  was added . 

No t e : Experimen ts ( s ee eh . 2 . 3 ) were undertaken to show t he 

s torage of a l l  sus pensi ons at  -70° C did  no t affe c t  the 

exponential  resul t s  of REA .  

The cell  suspens ions were incubated overni ght a t  50° C ,  

then 0 . 1 7g of  Sodium Perchlorate ( BDH anal ar)  was added to  

each ( i . e . to approximately 1 M  conc entration)  and the lys a t e  

was then incubated at 50°C for 1 hour . 

Further pipetting was done using 5 . 0ml serological  

pipettes wi th t he t ips cut o ff to  avo i d  shearing the  DNA . 

A Phenol/Chloro form/I so-Amyl Al coho l  s o lution was made up 

ln t he proporti ons 2 5 : 24 : 1 , and equi l i brated by the addi t i on 

of  one tenth o f  a volume of  working s trength STE buffer . 

Thi s solution was cool ed to room temp erature in the dark t o  

avo i d  oxi dation of  the pheno l . 

The lys a t es were incubated for 1 hour wi th Sodium 

Perchlorate ; 4 . 0ml o f  STE buffer ( working s trength)  was then 

added to each and t he solutions s l owly poured into s crew­

capped , g l as s  c entri fuge tubes . 5 . 0ml o f  Phenol /Chloro form / 

I so-Amyl Alcoho l  mix was then added t o  each and t he tubes 

were rocked gen t ly back and forth to mix the two l ayers . 

After 5 minutes , the tubes were c entri fuged at  1 , 000  - 2 , 000 

rpm for 5 minutes a t  room t empera ture . 

The upper a queous l ayer was gen t ly removed i nto another 

s crew-capped c en tri fuge tube and re-extracted twi ce wi th  
Pheno l/Chloroform/I s o-Amyl Al coho l . After the s econd re-
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extraction , the aqueous l ayer was gently added to dialys i s  

tubing whi ch was then sealed by a t  l east two knot s  and colour 

coded . The extracted DNA was then di alys ed four times wi th 

1 l i tre of TE buffer . 

2 . 4 . 3 Analys i s  of nuc l ei c  aci d  ex tract 

1 . Saline Tri s-EDTA 

( STE ) Buffer ( 1 0X )  - 5M NaC l 

1 M  Tri s-HCl pH 7 . 5 

0 . 2M EDTA ( di sodium 

s al t )  pH 7 . 2 

Di s ti ll ed water 

S tored at room t emperature . 

2 .  E thi dium Bromi de Solution 

5 . 0ug/ml in  di l ti l l ed water . 

S t ored in the dark a t  4°C .  

3 .  Cal f Thymus DNA 

50 . 0ug/ml in di s ti l l ed water . 

S tored a t  4°C .  

Estimation of concentration of DNA in extract 

- 20 . 0ml 

- 50 . 0ml 

5 . 0ml 

- 2 5 . 0ml 

The nuc l ei c  aci d extract was r emoved as epti cal ly  from 

the di alys i s  tubing us ing the fo l l owing proc edure : 

The mul tip ly kno t ted di alys i s  tubing was held a t  one 

end wi th forceps , and a l l  but one kno t cut off from the l ower 

end , whi ch was t hen pl aced in a s teri l e  bi j ou . Cuts were 

made in the upper and l ower ends of the tubing and the 

nuc l eic  aci d  extract was allowed to drain into the bi j ou . 

1 00ul of the extrac t was added to 900ul o f  TE buf fer 

( us ed for the final di alysi s ) , and this di lution was used 

for the Spec trophotometry and F luorometry . The extract was 

pipet t ed using di sposable mi cropip e t t e  tips , wi th  the ends 

cut off  to avo i d  s he aring of the DNA . 
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Spectrophotometry 

0 . 4ml of  the 1 : 1 0  di lution o f  each s amp l e  was l oaded 

into a quartz-gl as s  cuvette  and the op ti cal dens i ty measured 

us ing a Unicam Spectropho tome ter SP 500 , wi th a dialys i s  

buffer bl ank . Readings were taken at  2 30nm ; 260nm ;  2 7 0nm 

and 2 80nm for each s amp l e . The 2 6 0 : 2 8 0  ratio was checked to 

be wi thin the range 1 . 8 - 2 . 5 ,  s howing minimal con t ami nation 

wi th  protein . 

No te : Phenol absorbs s trongly at  2 70nm , so  a peak reading 

at  2 70nm would indi cate phenol con t amination , sugges ting the 

s amp l e  needed to  be re-dialys ed . 

An es timate  of  the nuc l ei c  aci d  concentration was made 

from the 260nm reading , on the as sump t i on that an op tical  

dens i ty reading of  1 . 0 was equiva l ent  to 50ug/ml of  nuc l ei c  

aci d .  A typi cal  profi l e  i s  s hown below : 

S ampl e  2 30nm 2 60nm 2 70nm 2 80nm 

M31 -7 0 .  1 7 0 . 27 0 . 21 5  0 . 1 3  

F luorometry 

260  
280 

2 .  1 

Nuc l ei c  Aci d 
ug/ml 

1 3 .  5 

Measurements were taken us ing a F luorometer wi th a 

36 5mu fi l ter , as  descri bed by L e  Pec q and P ao l e t ti ( 1 966 ) . 

The vo lume of ex trac t to  be us ed in the fluorometry as s ay 

mix was es timat ed as fo l lows : 

0 . 5 -+ Nuc l ei c  acid concentrat i on x 2000 

e . g . Using the s amp l e  s hown above ( i . e . M 31 - 7 )  

0 .  5 -r 1 3 . 5  x 2000 = 7 5ul Nucl eic aci d ex trac t . 

F luorometry As s ay Mix : 

Nucl eic Aci d  Extrac t ( as calcul a t e d )  

1 0  x STE Buffer 

Ethi dium Bromi de ( 5ug/ml ) 

D i s ti l l ed wat er to  

7 5ul 

- 200ul 

800ul 

- 2000ul 

A s tandard fluorometry curve , using C a l f Thymus DNA was 

prepared using t he fol l owing protocol :  

4 2  



Final concen- Cal f Thymus H20 1 0 X STE E thi dium Bromi de 
tration of DNA DNA Buffer ( 5ug/ml ) 

( 50ul/ml ) 

o+ * * * * 
0 1 000 200 800 

0 . 2  8 9 9 2  200 800 

0 . 4  1 6  9 84 200 800 

0 . 6  24 9 7 6  200 800 

0 . 8 3 2  96 8 200 800 

1 . 0 40 960  200 800 

TABLE I I I  Pro tocol for preparation o f  S tandard F luorometry 

Curve . T hi s  curve ( a  l i near relationshi p  was 

prepared for each batch o f  assays . 

+ 
* 

Concentrations of DNA ln ug/ml 

Volumes expres s ed as ul  

2 . 4 . 4  Diges t i on o f  DNA wi th EcoRI 

1 . 

2 .  

L ambda DNA 

EcoRI 

- 3 2 5ug/ml 

S tored a t  4°C 

- 4 uni ts
* 3  

/micro l i  tre 
S tored in 5 0% Glycerol at -2 0°C 

3 .  EcoRI Buffer ( 5X )  

1 M  Tri s-HCl p H  7 . 5 

5M NaC l 

1 M  MgC l 2 
Bovine S erum A lbumin ( FrV S i gma) 

Di s t i l led  wat er to 

S tored at 4°c 

4 .  Mycoplasma DNA - S ee C hapt er 2 . 4 . 2 ( b ) . 

s . Tris-EDTA ( TE )  Buffer + 0 . 0 5% SDS  + 20% 

1 M  Tri s-HCl pH 7 . 5 

0 . 2M EDTA ( Di sodium s al t )  pH 7 . 2  

Glycerol 

1 O% SDS  

Disti l l ed water to 

S tored at  room temperature 

50 . 0ml 

5 . 0ml 

2 . 5ml 

50 . 0mg 

1 00 ml 

Glycerol 

0 . 1  ml 

0 . 0 5ml 

2 . 0ml 

0 . 0 5ml 

1 0 . 0ml 
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6 .  RNAas e� - ( S igma IA )  5mg/ml in di s t i l l ed wat er . 

I ni ti al ly boi l ed for 5 minutes before u s e  

to  des troy any DNAas e .  

S t ored at  -20°C .  

Digestion o f  DNA wi th  EcoR 

The vo l ume of nuc l ei c  aci d  ex tract , that contained 

2 . 0ug of  DNA , was calculated us ing the fo l lowing formu l a : -

2 X 1 000  X 1 0 ( di lution factor) � DNA concentra t i on 

( fluorometri c )  

Thi s  volume o f  nuc l eic aci d extract was added to  a 1 500ul 

Microfuge Tube ( Eppendorf ) containi ng 20ul of  5 X EcoRI . 

Thi s  mix ture was di luted to 1 00ul wi t h  di s ti l l ed wat er
* 2 . 

2ul ( 8  uni ts ) o f  EcoRI was then added , and the mi cro fuge 

tube was gen t l y  t apped to  mix the contents . 

The di ges t i on mix was incubated at  37°C for 4 5  

minutes , then hea t ed at  6 5°C for 1 0  minutes ( t o des troy the 

enzyme ac tivi ty ) . The fragmen ted DNA was subs equently  

pr ecipi tated from s o lution by the addi tion of 1 /20 vol ume 

of 5M Sodium Chlori de , and 2 volumes o f  absolute ethano l .  

The tubes were t hen inverted to mix t he contents , and 
0 

placed a t  -2 0  c for a minimum of  30  minutes , after whi ch 

they were spun in a microfuge at 8 ,  500g for 5 minutes . The-­

supernatant was di scarded and the pel l e t  was was hed gen t ly 

wi t h  cold  7 0% e t hano l , then dri ed at  3 7° C for 1 0  minutes . 

45ul of  TE buffer + 0 . 0 5% SD S + 20% g lycerol was added to  

each tube , which was t apped gently , t hen p l aced a t  room 

temperature overni ght , to resuspend t he pel l et . 

For each di ges t o f  8 i so l ates prep ared , 0. 32 5  ug o f  

l ambda DNA was di ges t ed wi th 8 uni ts o f  EcoRI . T hi s  act ed 

bot h  as  a con trol to ensure that  correc t condi ti ons  had 

been us ed , and as a mol ecul ar wei ght maker . 
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Technical Foo tno tes : 

1 . RNAas e -

Ini ti al l y ,  1 0  ug o f  RNAas e was routinely added to  the 

di gestion mix to des troy the RNA pres ent  in  the 

nucl eic  aci d extrac t .  However , during the cours e o f  

thi s inves ti gation , t he RNAas e began t o  interfere wi th  

ei ther the di ges ti on o f  the  DNA or  the mi gration o f  

DNA fragments through the gel , resul ting in unc l ear 

res triction patterns . 

On inves ti gation ,  i t  was discovered that the res tri c t ion 

pattern was no t affected  by the pres ence of  intact  

RNA in the di ges t i on mix ( i . e .  by omi ssion o f  the 

RNAas e ) . The RNA mi grated more rapi dly than the DNA 

and appeared as  a l arge band a t  the end of the gel  

( s ee F i g . 6 ) . Cons equen tly , i n  a l l  subs equent s tudi es , 

the RNAas e was omi t t ed from the diges tion mix .  

2 .  Occasional ly , the concen tration o f  DNA in the nuc l ei c  

acid  extrac t was such t hat more t han SOul o f  the 

extract was required t o  give 2 . 0ug of  DNA . I n  thi s  

cas e ,  200ul o f  di ges t i on mix was prep ared , using 

40ul of  5 X EcoRI buffer . 

3 .  1 uni t - Complete  diges tion o f  1 ug of l ambda DNA l n  

1 5  minutes at  37°C i n  a react i on vo lume of  SOul . 
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2 . 4 . 5 Gel  e l ec trophoresis  and pho tography 

1 .  E l ec trophoresi s  ( E )  Buffer ( 1 0X )  

Tri zma B as e  ( S i gma ) 

EDTA ( Di sodi um s al t )  

Sodium Acetat e 

G l acial  Acetic  Acid to pH 7 . 8  

9 6 . 8 8 g  

7 . 44g 

8 . 20g  

Di s t i l l ed wat er to  2 . 0  l i tres 

Stored at  4°C wi thout autoc l aving . Di luted wi th 

di s ti l l ed wat er when reauired . 

2 .  E thi dium Bromi de Solution 

2 . Sug/ml in  d i s ti l l ed water . S tored ln the dark . 

3 .  Pers pex Gel E l ec trophoresis T ank - S ee F i gure 4 .  

Gel e l ec trophores i s  of DNA s amples  

To 1 . s  l i tres of E buffer ( working s trength) , 300ul 

of E t hi dium Bromi de Solution was added ( final concentration 

O . Sug/ml ) . Thi s was us ed to prepare 1 00ml o f  0 . 7% Agaros e  

( Bi orad. E l ec trophoresis Grade ) . The agaro s e  was di ssolved 

by boi l ing in a flask fi tted wi th a reflux condens er ,  and 

coo l ed to approximately 40°C before pouring . 

A g l a s s  p l ate ( 20cm x 1 5cm) was c l eaned and 

cel l o tape was s tuck around the edge , p art i a l ly pro j ecting 

verti c a l l y  to prevent spi l l age of the agaros e .  The p l a t e  

was pl aced on a l evel surface , the 1 00ml of coo l ed agaro s e  

was poured on , and a perspex ' comb ' was app l i ed t o  one end 

to form wel l s . The agarose  was a l l owed to s et for 20 

minut es , whereupon t he ' comb ' and cel l o t ape were removed . 

The g l as s  p l a t e  containing the agaro s e  was p l ac ed in  an 

elec trophoresi s  t ank ( s ee Fi g .  4 ) , the comp artments  fi l l ed 

wi th  E buffer ( containing O . Sug/ml E t hi dium Bromi de)  to 

j us t  below the gel  top . 

The wel l s  in the aaarose were t hen washed out wi t h  

E buffer prior to l oading the s amp l es . The mi cro fuge tubes 
containing t he s ampl e s  were gently agi t a t ed ,  to  ensure the 
DNA was resuspended i n  the buffer , and 2 . Sul of  Bromopheno l 
Blue i n  SO% Glycero l  was added to the l ambda s amp l e  to act  
as an e l ectrophoresi s  marker . The s amp l es were loaded into 
the wel l s  which were then topped up wi t h  E buffer . The 
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e l ectrophores i s  was then performed a t  8 V/cm for 3 . 5 - 4 hours . 

Pho tography of gel 

When t he Bromophenol Blue marker had travel l ed 1 2cm , 

the current was swi tched off , the g l ass  pl ate cont aining 

the gel removed , and the gel rins ed wi th the remaining 

E buffer to remove any dus t .  The gel was then removed 

from the g l ass  pl ate and pl aced onto a fi l t er plate  

measuring 1 5cm x 1 5cm , in a box i l l umina ted from below by 

four 1 5  W germici dal ul travi o l et l amp s . 

The gel  was pho tographed on Kodak Tri-X fi lm by means 

of a 1 20 forma t p l ate  camera through a Wra t t en 2 3  � gelatin 

fi l t er .  

The fi lm was develop ed for 5 minutes , fixed for 5 

minutes , then washed for 1 0  minutes and suspended from a 

c l i p  to dry . 
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2 . 5 Reproducibi l i ty o f  Res triction Endonucleas e Analys i s  

o f  M .  ovi pneumoni ae 

2 .  5 .  1 Introduction 

Res tri c ti on Endonucl ease  Analysi s  ( REA ) o f  virus es , 

e . g .  Herpesvirus es ( Skare et al . ,  1 9 7 8 ) , Orthopoxivi rus es 

( Esposi to et  al . ,  1 9 7 8 )  indi cated marked heterogenei ty of 

strains wi thi n  a speci es , so  s trains coul d be " fingerprinted" 

by thi s  t echni que and fol l owed in epi demi ological s tudi e s  

( Buchman et al . ,  1 9 7 8 ; L ons dale et al . ,  1 9 79a ; Gi s sman 

et al . ,  1 977 ) . I n  marked contras t ,  s trains of L ep to spira  

interrogans s erovar �ardj o were remarkably homogeneous 

( Marshal l  et al . ,  1 9 81 ) ,  al though bac teri a have a l arger 

genome than virus es and t hus would s eem to have a great er 

scope for vari ation . I f  REA i s  to be useful in epi dem­

iological s tudi es o f  i s o l at es o f  M .  ovi pneumoniae , a 

prerequi s i te i s  t he abi l i ty o f  the t echni que to unequivocal l y  

dis tingui sh strains of M .  ovipneumoni ae . A further 

requirement wou ld be the abi l i ty of REA to give a 

reproducibl e pat t ern - no t only , when the s ame DNA preparat i on 

was di ges t ed in dup l i cat e ,  but also  when the s ame s train was 

propagated in dup l icate  cul tures , and the DNA extrac ted and 

diges t ed independently . 

T hi s  s ection inves t i gates the abi l i ty of REA to 

ful fi l l  both  requiremen t s . The two s t rains s el ec t ed for ­

thi s purpos e  were i so l at ed from di fferen t  s heep , one in 

New Zeal and , and one ln Aus t ral i a .  T:1erefore , if  any s train 

di fferences occurred in M .  ovipneumoni ae that were 

detec t able  by thi s t ec hni que , they were l i kely to be  

demons trated by examining t hes e two s trains . 

2 . 5 . 2  Materi al s and Methods 

Ori gin of s trains 

S train 1 was i s o l at ed from the lungs of a New Zeal and 

s heep by Dr J . K .  C l arke i n  1 97 3 . 

S train 1 0  was i so l at ed from the lungs o f  an Aus tra l i an 

sheep and kindly s upp l i ed by Dr T . D .  S t . George in 1 9 7 3 .  
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Both s trains had been cloned at  l eas t three times 

before the commencement of t hi s  s tudy . Cul tures were 

propagat ed in s tandard FM4 medium ( s ee Appendix ) ,  and fro z en 

i n  1 . 5ml ali quo t s  at -70° C ,  whi l e  s t i l l  in the exponential  

phas e of growth .  

DNA extract ion and Res tri c tion Endonuc lease Analys i s  

See Chapter 2 . 4 .  

2 .  5 .  3 Resul ts 

S trains 1 and 1 0  were each grown in duplicate , and 

the DNA was ex trac ted independently for al l 4 cul tures . 

Each DNA extract was diges ted ,  in dup l i cat e , wi th  the 

res t riction endonucl eas e ,  EcoRI , and e l ectrophores e d  through 

a 0 . 7% agarose gel wi thin whi ch was i ncorporated E thi dium 

Bromi de ( 0 . 5mg/ml ) .  Lambda DNA was inc luded as a contro l 

(L ane 1 ) .  The gel was i l l uminated wi t h  ul traviolet  l i ght , 

and pho tographed t hrough a Wra t t en 2 3  � gelatin fi l ter .  

The resul t s  are s hown 1n F i gure 5 .  
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F i gure 5 : REA of DNA from 2 s trains o f  M .  ovi pneu­

moniae ( s trains 1 and 1 0 ) . E ach s train was propagated 

i n  dup licate  ( ' a '  and ' b ' ) and the DNA extrac ted from 

each of  the 4 ce l l  suspens ions . E ac h  DNA extrac t was 

d i g es t ed in duplicate . L ane 1 :  L ambda ; L anes 2 and 3 :  

S train 1 ( a ) ; L anes 4 and 5 :  S train 1 ( b ) ; L anes 6 and 

7 :  S train 1 0 ( a ) ; Lanes 8 and 9 :  S train 1 0 ( b ) . No 

differences in pattern were detec t ed between DNA 

diges t ed in duplicate , e . g . l anes 2 and 3 ,  or 

between duplic 1te DNA extrac ts , e . g .  l anes 3 and 4 .  
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2 . 5 . 4  Conc lusion 

S everal conc lusi ons can be drawn from the resul ts  o f  

thi s experimen t : -

a)  Res triction Enzyme Analys i s  ( REA ) gives a recogni sabl e 

and reproducible  pattern of bands wi th  one s train o f  

M .  ovi pneumoniae  n o t  only when the DNA i s  diges ted i n  

duplicate ( e . g . l anes 2 and 3 ;  l anes 4 and 5 )  but a l s o  

when the DNA i s  extrac ted and di ges ted from s ep arate  

cul tures of  the s ame s train ( e . g . l anes 3 and 4 ;  

l anes 7 and 8 ) ; 

b)  REA can unequivocal l y  d is tingui s h  between 2 s trains 

of M .  ovipneumoniae ( l anes 5 and 6 ) . 

I t  should ,  p erhaps be no ted here , that l ambda DNA was 

di ges t ed under the same condi tions as M .  oyi pneumoni ae DNA 

( for each experimen t )  and run in l ane 1 .  

Bac teriophage L ambda Marker 

The pattern produced s erved as bo th a contro l  for the 

techni que and , as a mol ecul ar wei ght marker . The mol ecul ar 

wei ghts of t he fragments produced on diges t i on of l ambda 

DNA wi th  EcoRI have been e s t imated ( Thomas and Davi s . 1 9 7 5 ) . 

Fragment Pat t ern 

A 

D 

E 
c 
B 

F 

Mo l ecul ar Wei ght 
(megada l tons) 

1 3 .  7 

4 .  74  

3 . 7 3 
3 . 48 
3 . 02 

2 .  1 3 

Often ,  ru1 extra band appears above , but close  to , band ' A '  

whi l e  band ' F '  i s  reduced i n  intensi ty ( s ee F i g . 5 ) . Thi s  i s  

a cons equence o f  a relatively l arge proportion o f  the l ambda 

mol ecul es becoming c i rcularis ed or forming c onca t amers 

through hydrogen bonding o f  thei r cohesive ends . In thi s  

way , the ' F ' fragment i s  j oined t o  t he ' A '  fragmen t , and , 

5 2  



becaus e there i s  no recogni tion s i te for EcoRI between 

fragmen ts ' A ' and ' F ' ,  a fragment wi th  the combined 

molecul ar wei ghts of ' A '  and ' F ' i s  p roduced . 
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2 . 6  Res tric tion Endonuc l eas e Analys i s  of 8 s trains o f  

M .  ovipneumoni ae 

2 .  6 .  1 I ntroduc tion 

Whi l e  i t  was es tabl i s hed that REA could give a 

reproducible p a t t ern wi th one s train o f  M .  ovipneumoni ae 

and also unequivocal ly di s tingui s h  two s trains from wi dely 

di ffering sources ( eh .  2 . 5 ) ,  there was no indi cation as to 

the extent of heterogenei ty that exi s ts among s t rains of 

M .  ovipneumoni ae i s o lated from different sources in New 

Zeal and . 

Therefore , thi s s ec ti on examines 8 di fferent i s o l ates  

of M .  ovipneumoniae  by REA . The s e  s trains included bo th 

nas al and lung i so l a tes , obtained from sheep on di fferen t 

farms , at  di fferen t times , and inc luded the Aus tra l i an and 

New Zeal and s trains examined in the previous s ec ti on . 

2 . 6 . 2  Materi a l s  and Methods 

Ori gin of S trains 

L ane 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

TABLE IV 

S tra1n Or1 g1n o.f Country o t·  
S train ( Year)  Ori gin 

( L ambd·a ) - -

1 Lung ( 1 9 7  3 )  New Zeal and 

2 Lung ( 1 9 7  3 )  New Zealand 

4 Lung ( 1 97 3 )  New Zeal and 

5 Lung ( 1 9 7 3 ) New Zeal and 

1 0  Lung ( 1 97 3 )  Aus tral i a  

37E  Nas al cavi ty ( 1 9 80 )  New Zealand 

L 3/C 3  Lung ( 1 9 8 1 ) New Zeal and 

MPP74 Nasal c avi ty ( 1 9 8 0 )  New Zealand 

Ori gin of M .  ovipneumoni ae s t rains s hown i n  

F i g . 6 

All  i so l a tes o f  M .  ovipneumoni ae , were propagated i n  

s t andard FM4 medium ( see Appendi x ) , and fro zen in  1 . 5ml 

aliquot s  at - 7 0°C ,  whi l e  s ti l l  in the exponent i al phase o f  

growth .  
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DNA Extrac t i on and Res triction Enzyme Analysi s  

S ee C hapter 2 . 4 .  

2 . 6 . 3  Resul ts 

The 8 s trains o f  M .  ovipneumoni ae were propagated in 

FM4 , the cel l s  col l ec ted , DNA ex trac t ed and di ges t ed wi th 

EcoRI . The resu l t ant fragmented DNA was electrophoresed 

through a 0 . 71o Agarose gel ( wi thin whi ch was incorpora ted 

O . Sug /ml E thi dium Bromide) , i l luminated wi t� ul travi o l e t 

l i ght , and pho tographed �hrough a Wrat�en 2 3  � gel atin 

fi l ter . 

The resu l ts are shown in Fi gure 6 . 
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Fi gure 6 : REA of 8 s trains of M .  ovi pneumoniae from 

wi dely di fferent sources . L ane 1 :  L ambda ; L ane 2 :  

s train 1 ;  Lane 3 :  s train 2 ;  Lane 4 :  s train 4 ;  Lane 5 :  

strain S ;  � ane 6 : s train 1 0 ;  Lane 7 :  37E ; L ane 8 :  

L 3/C 3 ; L a�e 9 :  MPP74 . None of the s trains show any 

s i gnifi cant s imi l ari ty . 



2 . 6 . 4  Conclusi on 

I t  can be s een from F i g .  6 that marked het erogenei ty , 

wi th  respec t  t o  res tri c tion pattern , exi s ts among s trains o f  

M .  ovipneumoni ae ,  i s ol ated from di fferent sources . No te  tha t  

n o  simi l ari ty in  pat t ern exi s ts between any of the 8 s trains , 

i . e .  the pat t ern d i ffers al ing i ts who l e  length . 

Thi s hetero genei ty among di fferent  strains of 

M .  ovipneumoni ae l ed to concern as to  the value of REA l n  

epi demiologi cal  s tudi es . That i s , i f  al l i s o l a tes o f  

M .  ovipneumoni ae exhi bi ted di fferen t res tri c tion p a t t erns , 

REA would no t be o f  any us e in the s tudy of the preval enc e  

and spread o f  s trains o f  M .  ovi pneumoniae through a flock o f  

s heep . 

However ,  i t  mus t be s tres sed that the 8 i sol ates  

s tudi ed in  thi s s ec tion were obtained from wi dely differing 

sourc es . 

In order for REA to be us efu l  as an epi demi o l o g i c al 

tool , 2 cri t eri a mus t  be s at i s fied : -

a ) isol ates from dis tinc t ly di fferent  sources mus t ,  in  

general , be  di fferent ( as regards res tri c ti on p a t t ern ) ; 

b ) no t a l l  i s o l ates from simi l ar sources , e . g . sheep 

from wi thi n  a floc k ,  mus t di ffer . 

The f i rs t cri terion i s  c l early s ati s f i ed ( see  above ) , 

and at t hi s  point ,  the as sump tion i s  made that i so l a t es 

from wi thin one flock wi l l  no t be to tal ly heterogeneous . 

I f  the l a t ter as sump tion i s  correc t ( as wi l l  be s·hown l at er ) , 

thi s  al lows us t o  us e REA as an epi demiological too l - s ee 

s ubsequent c hapt ers . 
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CHAPTER 3 I sol ation and I denti fication o f  Mycopl asma 

ovipneumoni ae from a F lock of Lambs 

3 . 1  I s o l ation of M .  ovipneumoni ae from a flock of l ambs 

3 . 1  . 1  I ntroduc tion 

S everal authors ( S t George et al . ,  1 97 1 ; Al l ey et al . ,  

1 9 7 1 ; Carmi chael et al . ,  1 9 7 1 ; Fri i s  et  al . ,  1 9 7 6 )  claim that 

M .  ovi pneumoni ae plays an important  rol e  ( whether as a 

primary pathogen or as a s econdary i nvader) in  the 

pathogenesis  of Chroni c ,  Non-Progres s i ve Pneumoni a ( CNP ) . 

These workers as sume that M .  ovi pneumoni ae firs t coloni ses  

the nos e  and subs equently i nvades the lungs . CNP has a 

wel l-es t ablished s easonal peak i n  New Zeal and , in March/Apri l ,  

and thi s requires that M .  ovi pneumoni ae mus t  ( i f i t  i s  to 

p l ay a maj or rol e  in the pathogenes i s  of CNP ) become 

di s s eminated in the flock before or during March . 

However , no data to val i da t e  t hi s  has been publ i s hed , 

so thi s s ection inves tigates t he fo l lowing : 

a )  The  time of coloni s ation o f  the nasal  cavi ty of s heep 

wi th M .  ovipneumoni ae . 

b )  The pers i s t ence of M .  ovipneumoniae  l n  the nas al 

c avi ty of l ambs fol lowing  col onisati on . 

c )  The preval ence o f  M .  ovipneumoni ae i n  the lungs of 

l ambs at s alughter . 

Practical consi derations necess ari ly  l imi t t he s cope 

of thi s  inves ti gation , so  thi s  section reports the i so l ation 

and i dent i fication o f  M .  ovi pneumoni ae from the upper 

respiratory tract of one flock of l ambs , taken at 3-week 

interva l s  over a period of 6 months ; also  the i so l ation and 

i denti fication of M .  ovipneumoni ae from the lungs of the 

l ambs at  s l aughter . 

Acknowl edgmen t :  Thi s  aspect o f  work was undertaken j oi n t ly 

wi th Mr G .  I onas who required � so l ates  for further s tudy by 

s erol o gy and PAGE . 
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3 .  1 • 2 Materi al s and Methods 

FM4 Bro th and FM4 Agar - See Appendix 

Source of l ambs 

26 Suffo l k  l ambs from a farm on the Manawatu Pl ains , 

vi z . Mas s ey Universi ty S heep Uni t No . 1, were us ed in  thi s 

s tudy . These  l ambs were approximately 6-weeks o l d  at the 

commencement o f  thi s inves t i gation , and , in princi p l e , the 

s ame 26  l ambs were s amp l ed each mon th . However , on some 

occasions up to t hree of thes e l ambs were no t avai l ab l e for 

technical reasons . 

I solation of Mycopl asma ovi pneumoni ae from nas al cavi ty 

Nas al swabs were broken off  into 3ml ali quo t s  o f  FM4 

bro th in bi j oux bo t t l es . These  were then s haken vi gorously 

and trans ported to the l aboratory , where t hey were s haken 

again before 0 . 3ml ali guo ts were inoculated into 3 . 0ml 

al i quots of FM4 bro th . The ori ginal specimen bo ttl e was 

dis carded . 

0 I nocu l a ted bi j oux bot t les  were incubated at  3 7  C for 

7 days or unti l growth occurred as indicated by a colour 

change i n  the pH indi cator in the medium . I f  no pH change 

occurred during the 7-day incubation period , 0 . 3ml of the 

broth was trans ferred to 3 . 0ml of fres h FM4 l i qui d medium , 

whi ch was then incubated at  37°C for a further 7 days . I f  

a colour change was s t i l l  no t obs erved after 7 days , 0 . 0 5ml 

of the medium was s po t t ed onto FM4 agar plates whi ch were 

incubated at 3 7°C for 4- 5 days . A swab was consi d ered 

negative i f  no pH change occurred on the firs t or s econd 

incubation , Qnd no col anes were obs erved on p l ates  

examined using a p l ate  micros cope . 

I f  a pH change occurred i n  l i qui d FM4 medium , 0 . 3ml 

of the cul ture was trans ferred to 3 . 0ml of fresh FM4 bro th 

and incubated at  3 7°C unt i l  a pH change occurred or  for 

7 days . 0 . 0 5ml o f  the cul ture was spo tted on FM4 agar , 

the plat es were i ncubated a t  3 7°C for 4 to  5 d ays and 

examined for coloni es usi ng a p l ate mi croscope . 
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b )  I so l ation o f  M .  ovipneumoni ae from lung ti ssue 

The l ambs were s l aughtered in Apri l 1 9 8 1 , and the lungs 

were col lec t ed from the abbatoir and p l aced i n  i ndivi dual 

p l as tic  bags to prevent cros s-contamination . Due to hygi ene 

regulati ons , all  lungs were handl ed by a meat inspector 

prior to co l l ec ti on . The lungs were l abel l ed and transported 

to  the l aboratory where they were examined for pneumoni c 

l es i ons . Where there were macroscopi c lesions , a specimen 

was cu t asep t i cally from the peri phery of the l esion and from 

wi thin the l ung tis sue ( to avo i d  cont aminati on from organi sms 

pres ent on the surface of the lung . 

Where there were no macroscop i c  l esions , a specimen 

was cut from wi thin the t i ssue o f  t he ri qht api cal lobe . 

All  specimens were cut i n to smal l pi eces ( using s t eri l e 

scis sors ) and placed in 3 . 0ml of FM4 broth , to give an 

approximate 2 0% suspens i on .  The lung suspens i on was s haken 

at  intervals  for 1 5 minutes at  room temperature , and after 

the solid  materi al had s et t l ed , 0 . 3ml of the supernatant  was 

trans ferred to 3 . 0ml of FM4 bro th . The lung suspen s i on was 

discarded and the i nocul ated medium was incubated a t  3 7°C 

for 7 days or unt i l a pH change - indi cating growth -

occurred . 

I f  no pH change occurred after 7 days , 0 . 3ml of bro th 

was transferred to 3 . 0ml of fresh FM4 medium and i ncuba ted 

at  37°C for a further 7 days , when 0 . 0 5ml o f  the bro th was 

spot ted onto FM4 agar and the p l ates  incubated at 37°C for 

4 to 5 days . I f  no pH change occurred duri ng the firs t or 

s econd incubations , and no coloni e s  were obs erved on the 

pl ates ( us ing  a plate  mi croscope ) ,  the speci men was consi dered 

negative . 

I f  a pH change occurred i n  l i quid FM4 medium , 0 . 3ml 

of the cul ture was trans ferred to 3 . 0ml of fresh FM4 bro th 

and incubated at  3 7°C unti l a pH change occurred or for 7 

days , at  which t ime , O . O Sml o f  the cul ture was spo t t ed onto 

FM4 agar . The p l ates were i ncubated at 3 7°C for 4 to  5 days 

and examined for coloni es using  a p l ate  micros cope .  
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I so l ates , from bo th nas al swabs and lung specimens , 

were passaged i n  FM4 medium - in  some cases up to 30 t imes 

as indivi dual coloni es at low densi ty on agar were too sma l l  

t o  b e  c l early i dent i fied wi thout s eri al pass age i n  vi tro . 

I t  s hould  be not ed that M .  ovi pneumoni ae isolates  whi ch 

fai l ed to produce i ndivi dual col oni es at low densi ty showed 

confluent growth of mi crocoloni es when inoculated at hi gh 

dens i ty . 

c ) Cloning o f  i s o l ates 

Tenfo ld  s eri al di lutions of M .  ovi pneumoni ae i so l ates  

prepared i n  FM4 bro th , and 0 . 0 5ml o f  e ach di lution was 

spo t t ed onto FM4 agar . P l ates were t hen incubated a t  3 7°C 

for 4- 5 days when t hey were examined for the pres ence o f  

colonies , us ing a p l a te mi croscop e .  I solat ed coloni es near 

the l imi ting di lution were removed along wi th a plug o f  agar ,  

us ing a s teri l e  p as teur pipet t e ,  and t ransferred to 3 . 0ml of 

FM4 bro th . The suspension was vi gorous ly agi tated and 

incubated at 3 7°C unt i l  a pH change occurred ( 3 to 5 days ) , 

1 . 0ml of cul ture was then inoculated into 9 . 0ml of FM4 bro th 

and incubated at 3 7°C unti l a pH change to approximately 

pH 7 . 0  was obs �rved . A l i quo ts of 1 . 5ml were then fro z en a t  

-70°C unt i l  requi red . 

3 .  2 .  3 Resul t s  

The i so l ati on of M .  ovi pneumoni a e  from the nas al 

cavi ty over a s ix month period and from the lungs at 

s l aughter of a flock of 2 6  Suffol k  l ambs is shown i:r. T abl e V .  

The cumulati ve proporti on o f  t he 2 6  l ambs from whi c h  

M .  ovipneumoni ae was recovered a t  l eas t once from the nas al 

cavi ty by 3-weekly swabbing ; also the proportion of the s e  

l ambs from whic h  M .  ovi pneumoni ae was recovered from the 

lungs at s l aught er , i s  s hown in Fi gure 7 .  I t  s houl d be 

noted  here that no t a l l  mycop lasmas recovered in thi s  s tudy 

were M .  ovipneumoniae . Of  those  few t hat were not ,  a l l  were 

i dentifi ed s ero logi c al ly as M . arginini , but are no t furt her 

considered in thi s s tudy . 

6 1  



TABLE V I so l ation of M .  ovi pneumoni ae from a )  the nas al 

cavi t i es of a flock of l ambs swabbed at  approxima t ely 

3-week intervals , and b)  from the lungs a t  s l aughter 

Swab s eri es 1 2 3 4 

Date �/1 0  3/1 1 2 5/1 1 1 6/1 2 
8 0  8 0  80 80 

Approx . age 
lambs ( days ) 4 5  7 1  9 3  1 1  4 

u amb No . M1 - - - -

M3  - - + + 
M4 - - - -

M S  - - - -

M6 - - - -

M7 - - - -

MS - - - -

, "M9 - - - -

M1 0 - - - -

M1 1 - - - -

M1 2 - - - + 
M1 4 - - - + 
M1 5 - - + -

M1 6 - - - -

M1 8 - - - -

M1 9 - - - -

M20 - - - -

M21 - - + + 
M2 5 - - - -

M26 - - + -

M27  - - - -

M2 8 - - - + 
M2 9 - - - -

M30 - - - -

M31 - + + -

M 32 - - - -

0 1 5 5 

- = M .  ovipneumoni ae no t i so l ated 

N D  = not done 

5 6 7 8 L ung 

1 3/1 1 7/2 9/3 6/4 8/4 
8 1  8 1  8 1  8 1  8 1  

1 42 1 7 7  207  2 2 5  2 27 

- - + - + 
- + + - -

- - + - + 
- - - - + 
- - - - + 
- - - - + 
- - + - + 
- - - - + 
- - + - + 
- - + - + 
- + + + + 
- + + + + 
- - ND NI ND 
- - + - + 
- - + - + 
- - + - + 
- - - - + 
ND ND ND N1 + 
ND ND ND N1 ND 
- - - * -
- - + - -

- - + + + 
- - - - + 
- - - - + 
- - + + -

- - + - + 

0 3 1 5 5 2 0  
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a )  Cumul ative proportion o f  26  l ambs from whi ch 

M .  ovi pneumoni ae was recovered from the nas al 

c avi ty by monthly swabbing . 

b )  T he proportion o f  thes e l ambs from whi ch 

M .  ovi pneumoni ae was recovered from the l ungs 

at  s l aughter . 
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3 . 1  . 4 Discus s i on 

The resul ts  o f  thi s s ection wi l l  be cons idered more 

ful ly in the General Di s cus sion ( Chap ter 6 ) . However , 

several conclusi ons drawn from T abl e V and F i gure 7 are 

stated below . 

a ) Colonisation of the nas al c avi ty of  the l ambs ln thi s 

flock by M .  ovipneumoniae , commenced when the l ambs 

were approximately 2 months o l d .  

b ) By 6 months the nasal c avi ty o f  9C l% of  the l ambs had 

been coloni s ed at  l eas t once by M .  ovipneumoni ae . 

c ) Thi s organi sm does no t appear to pers i s t  for a l ong 

period in  the nas al cavi ty . The longes t  pers i s t ence 

detec ted was 4 8  days . 

d ) A peak inci dence o f  M .  ovi pneumoniae ln the nas al 

cavi ty occurred when the l ambs were approximately 

6 months o l d . Thi s  decreased markedly when the l ambs 

were examined 3 weeks l at er ,  prior to sl aughter . 

e ) The isol ation rat e  of  M .  o vipneumoni ae from the l ungs 

was much hi gher than that from t he nas al c avi ty ( even 

at i ts peak ) . That i s , the i so l ation rate  from the 

lungs at  s l aughter was 7 7% , as compared wi th a peak 

prevalence of  58% in the nas al c avi ty .  



3 . 2  I dent i fication of i solates by gel  precipi tin tes t 

3 . 2 . 1  I ntroduc tion 

Presumptive identifi ca tion of mycopl asmas i sol ated 

from t he s heep respiratory trac t as M .  ovi pneumoni ae , was 

bas ed on s everal obs ervations : 

a )  A l l  were s ensi ti ve to di gi tonin . 

No te : In t hi s  test , discs soaked i n  2% Di go tonin 

in Ethanol ) were app l i ed to l awns of i sol ated on 

FM4 agar and une quivocal zones of i nhi bi tion were 

obs erved . 

b )  A l l  were glycolyti c ,  i . e .  uti l i s ed glucose as the 

maj or energy source . 

c )  A l l  gave " vacuo l ated" , centreless  coloni es on 

agar . 

d )  A l l  were i solated from the respiratory tract of 

s heep . 

Previ ous workers ( Cl arke , Brown and A l l ey ,  1 9 74)  

examined many glycolytic mycop l asma i s o l ates from the 

respiratory tract of sheep in New Zeal and and s howed , us ing 

the Immuno- fluorescence Test , that all were M .  ovi pneumoni ae . 

However , i t  was recogni s ed that di fferen t res tri ct ion 

pat t erns exhi bi ted by different i solates of M .  ovi pneumoni ae 

( s ee C h .  2 . 6 ) mi ght be attri buted to the exi s t ence of 

di fferen t  s pecies of mycopl asma among the s o-c al l ed 

"M . ovi pneumoni ae" i s o l ates . Therefore , i t  was deci ded that 

each i s o l a t e  mus t be unequivocal ly i dentifi ed as 

M .  ovipneumoniae , before any inves t i gation into the 

res tri c t i on patt ern was to proceed . 

M .  ovi pneumoni ae i s  antigeni c al l y  unrel a ted to o ther 

mycoplasma species derived from sheep ( Bergey ' s  Manual o f  

Determi native Bacteriology , 8 th E di tion ) . Hence , i solates 

o f  M .  ovi pneumoniae c an be i denti fi ed by any c onveni ent 

s ero logical  t es t . In the pres ent work , the gel  precipi tin 

test  was cho s en .  

I n  t hi s  t es t , a s tandard ant i gen ( M .  ovi pneumoniae 
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s train 5 )  and an·t i s erum ( anti-s train 5 )  was us ed , and 

anti gens prepared from i solates were examined for thei r 

abi l i ty t o  give precipi tation l ines of i dent i ty wi th  the t e s t  

anti gen . 

3 . 2 . 2  

1 • 

Materi a l s  and Methods 

Agar for gel precipi tin tests  

Special  Nobl e  Agar 

NaCl 

3 . 0g 

1 6 .  Og  

D i s t i l l ed water to 200ml . S teri li s ed by autoc laving . 

D i sp ens ed in  20ml al i quo ts per 8 5mm p l as t i c  petri di s h .  

2 .  Ant i s erum agains t M .  ovi pneumoni ae s train 5 

Anti gen was prepared by propagati ng M .  ovipneumoniae 

s train 5 in  Modi fi ed FM4 medium which con tains nei ther 

swi ne s erum nor animal pep tone ( s ee Appendi x ) , 

cen tri fuged , washed twice  wi th s t eri l e  PBS ( s ee 

Appendix ) ,  and resuspended in 0 . 8 5% s al ine to give an 

approxima te  1 0% s o lution . 

0 . 5ml of the anti g en wi th an equal amount o f  Freund ' s 

Complete  Adj uvant , was inj ected intramus cul arly into 

rabbi ts . After one month , intramuscul ar boos t er 

i no cul ations of 0 . 5ml of antigen were given at  1 4  day 

i n tervals . Rabbi t s  were bl ed at  inte rva l s  and the 

t i t re of ant i body estimated by gel precipi tin t e s t s . 

Once the t i tre of 1 : 1 6  or greater was reached , fur ther 

s eri al bl eedi� a t  intervals  were poo l ed ,  heated a t  

5 6°C for ·  30  minutes , and s tored a t  -2 0°C .  

3 .  S ource o f  M .  ovipneumoniae s train 5 

M .  ovi pneumoni ae s train 5 was i so l ated from a New 

Zeal and s heep by Dr J . K .  C l arke in  1 97 3 ,  and has been 

subs equently c loned a minimum of 1 0  times . 
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Gel Precipi tin Tes ts  

Each isolate , ( prop agated ln FM4 medium , centri fuged 

and resuspended in  O . Sml of Tri s-EDTA solution - S ee 

Chapter 2 . 4 ) , was diluted 1 : 2 wi th Tri s EDTA solution ; 

soni cated for 2 x 1 0  s econds , and Tri ton X-1 00 was added t o  

a final concentrati on o f  approxima tely 1 % .  

Wel l s  were cut using a template . The central wel l  was 

fi l l ed wi th SOul of ant i s erum prepared against  M .  ovipn eumoni ae 

s train 5 ,  and the s ix peripheral wel l s  were fi l l ed wi th SOul 

of di fferent anti gen suspensions including one wel l  wi th 

M .  ovipneumoni ae s train 5 antigen as a pos i tive control . 

The plate was left  overni ght at  room t emperature and 

examined through a plate  mi croscop e .  E ach batch of anti s erum 

was tes t ed wi th FM4 medium as a control . 

3 .  2 .  3 Resul ts 

A typical resul t wi th S isol ates plus M .  ovipneumoni ae 
s train S i s  shown in Fi gure 8 . All  i sola tes , obtained for 
thi s  inves ti gation , were identi fi ed as M .  ovi pneumoni ae us i ng 
a gel precipi tin t es t . That i s , all  gave l ines of i den ti ty 
wi th a s tandard tes t sys t em - M. ovi pneumoni ae s train s as 
t es t  an ti qen and ant i s erum rai s ed agains t M .  ovi pneumoni ae 
s train S as tes t  ant i s erum . 

None of the batches o f  anti s erum gave a l ine of 

precipi tation when t es t ed agains t FM4 medium . 
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F i gure 8 : The Gel Precipi tin Tes t for t he i denti fic­

ation o f  i sola tes . The centra l wel l  contains 

ant i s erum to M . ovi pneumoni ae s trai n  5 . We l l  1 

contains M .  ovi pneumoni ae s train 5 ant i g en ; wel l s  

2-6 con tain antigens from each of 5 i so l ates . 

No te : a l l  i sol ates showed l ines of i denti ty wi th 

each o ther and wi th the s t andard antigen ( i . e . 

s trai n 5 ) . 
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3 . 2 . 4  Conclusion 

A l l  glycolytic i sol ates were confirmed to be 

M .  ovipneumoni ae by the gel precipi tin t es t . 

No te : I solat es that gave centred coloni es on agar , produc ed 

an alkaline change in medium suppl ement wi th  1 %  arginine ,  

were s hown to be M .  arginini by a gel  precipi tin tes t , us 1ng 

a s t andard s train of M .  arginini as the immuni sing and tes t 

anti gen . Thi s organi sm was no t inves t i gated further in the 

pres ent  work . 
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CHAPTER 4 Exami nation of I so l ates From a Flock of L ambs 

By Res tri ction Endonuc l ease Analysi s  

No te : Designation of i so l ates 

I sola tes were recovered from l ambs on a Mas s ey farm , 

desi gnated ' M ' . The sheep were numbered 1 to 3 2 , but 

for techni c al reasons , s everal were no t avai l abl e and 

a total of 26 were swabbed . 

The i so l a t es were des i gnat ed by the l amb number , and 

the lambs were swabbed 8 times at approximately 3-week 

interval s .  The final number indicates the swabbing 

s eri es number , an ' L '  for an i solate obtained from the 

lungs . For examp l e , an i s o l a t e  from l amb M1 4 ;  at  the 

s eventh swabbing is named ' M1 4-7 ' · 

Wi th reference to Table  V ,  P .6 2 , the swabbing s eri es 

number gives the t ime of swabbing , and approxima te  age 

of lambs at  each swabbing . 

4 . 1 Compari son o f  REA pat t erns of four i solat es fol lowing  

s ingl e-cloning and mul tipl e-c loning 

4 .  1 • 1 Introduc t i on 

Work descri bed 1 n  subs eauen t s ections requires t hat the 

mycopl asma cul tures are derived from a singl e clone . 

Mycopl asmas were i s o l at ed in  li qui d cul ture , and pas saged 

seri ally to obtain more rapid growth .  Seri al , ten- fo l d  

di lutions o f  such cul tures were then spotted on agar , and a 

singl e , isolated co l ony was s el ected from the l imi t ing 

di lution . A cul ture derived in thi s way would be a c l one , 

unless  the ori ginal s heep was coloni s ed by 2 s trains and both 

were repres ented in  the final  s el ec t ed colony . 

The pos s i bi l i ty o f  a mixed cul ture , however smal l ,  c an 

be further decreas ed  by s erial  cloning . Unfortunately 

mycoplasmas grow much more s l owly than bacteria ,  so  mul t i p l e 

cloning i s  except i onally l aborious , and woul d  limi t the 

number of i solates whi ch could be examined . 
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I t  i s  reasonabl e t o  suppos e  that an i so l ation techni que 

involving a single  cl oning  would be adequa t e . To tes t  thi s  

as sumption , four randomly s el ect ed s ingly-cloned i so l ates were 

re-cloned a further two t imes . The REA pat t erns , before and 

after s erial  cloning , are examined and compared in thi s  

s ection . 

4 .  1 • 2 Materi als and Methods 

FM4 Medium - See Appendix 

FM4 Agar - See Appendix 

Source o f  isolates 

L ane Number I so l a te Nv_mbel· of C loning� Source 

1 ( L ambda ) - -

2 M8-7 1 Nasal  cavi ty 

3 M8-7 3 Nas al cavi ty 

4 M1 2-6 1 Nas al cavi ty 

5 M1 2-6 3 !Nas al c avi ty 

6 M1 4-L 1 Lungs 

7 M1 4-L 3 fLUngs 

8 M21 -4 1 jN.as al cavi ty 

9 M21 -4 3 !Nasal cavi tv 

TABLE VI Source o f  M .  ovi pneumoni ae i so l ates sho�m 

in F i g . 9 . 

S eri al c l oning of i so l ates  

Al l four i sol ates were c l oned once as descri bed in  

Chapter 3 . 1  . 2  ( C ) . A pool o f  each c l oned i so l ate  was 

prepared by propagating each in FM4 medium , and 1 . Sml ali quo t s  

s tored a t  -70°C unti l required . 

S eri al  ten-fol d  diluti ons of an al i quo t was made in 

3 . 0ml FM4 bro th , O . O Sml was s po t ted onto FM4 agar , and 

incubated a t  37°C for 4 days . A s i ng l e  colony , s e l ected from 

a p l ate a t  the limi ting di lutio� 1 was then trans ferred to 

FM4 bro th , and incubated at  3 7°C .  When a colour change in  
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the medium ( indi cating growth ) occurred , the cloning 

procedure was repeat ed , resul ting in an i so l at e  that had been 

cloned 3 times . A poo l of each mul tiply-cl oned i so l at e  was 

prepared , and 1 . Sml al i quo ts s tored at -70° C .  

Res tri c tion Endonucl eas e Analysi s  of si ngly- and rnul tiply­

cloned isol ates 

Ali quo ts 8f each of the singly- and mul tip ly-c loned 

isol ates were thawed , and inocul ated into l i qui d FN4 medium , 

and incubated at  3 7°C .  When suffi cient growth had occurred , 

cells  were col lected for DNA extrac tion and Res tri c ti on 

Endonuc l eas e Analys i s  ( s ee C h .  2 . 4 ) . 

4 .  1 . 3 Resul ts 

The DNA from each i so l ate , singly- and mul tip ly-c loned , 

was extracted , di ges ted and run in adj acen t  l anes of a 0 . 7% 

agarose gel . The resul t i s  shown j_n Fi gure 9 .  No changes 

were obs erved in the res tri c tion pat terns o f  4 singly-cloned 

i solates fol l owing triple-cl oning . 
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F i gure 9 : REA o f  4 i s o l a t e s  s i ng l y  - ( C 1 ) and 

t ri p ly - ( C 3 ) -c l on ed . L an e  1 :  L ambda ; L an e s  2 and 

3 :  M S-7 ( C 1 and C 3 ) ; L an e s  4 and 5 :  M1 2- 6 ( C 1 and 

C 3 ) ; L anes 6 and 7 :  M 1 4-L ( C 1 and C 3 ) ; L an e s  8 and 

9 :  M21 -4 : ( C1 and C 3 ) . No d i f feren c e s  were d e t ec t ed 

b e tween s i ngly- and t ri p l y-c l o ned i s o l a t es . 
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F i gure 1 0  : REA of 8 nasal  i s o lates  from a flock of 

lambs at the 7 th swabbing ( i . e . age of l ambs = 207 

days ) . L ane 1 :  L ambda ; L ane 2 : M1 0-7 ; L ane 3 :  M31 -7 ; 

L ane 4 :  M1 '�-7 ; L ane 5 :  M1 4-7 ; L ane 6 :  M4-7 ; Lane 7 :  

M8-7 ; Lane 8 :  M1 8-7 ; L ane 9 :  M1 9-7 . 

Pat terns fel l  into 3 groups : 

Group 1 :  L anes wi th clo sely s imi l ar ,  if no t identical ,  

patterns : L anes 3 ,  6 ,  7 ,  8 and 9 

Group 2 :  L anes wi th simi l ar , but no t i dent ical , pat t-

erns : L anes 4 and s .  

Group 3 :  Lane 2 

L i ttle  or no simi l ari ty i s  evi dent between the 

patterns of di fferent groups . 
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4 .  1 . 4 Conclus ion 

I t  was conc luded tha t , ln the case of thes e 4 i s o lates , 

a s ingl e-c loning produced a homogeneous cul ture . I n  practice , 

the pos s i bi l i ty o f  mixed cul tures being derived from a singl e 

colony i s  small , so i t  was deci ded to proceed wi th the 

pro j ec t  on the bas i s  that s ingly-cl oned i sol ates could be 

examined . 



4 .  2 REA of nas al isol ates obtained from a ·flock o f  l ambs 

a t  one time 

4 .  2 .  1 Introduc tion 

A preliminary inves ti gation i nto res tri c t i on pat terns 
\ 

of i s o l a tes of M .  ovipneumoniae , obtained from wi dely 

di ffering sources indi cated a hi gh degree of het erogenei ty 

( Ch . 2 . 6 ) . However , wi thin a limi ted number of pass ages in 

vi tro ( Ch . 4 . 1 ) ,  the res tri c ti on pattern o f  an i so l a te 

remains subs t anti ally unchanged , and presumably , thi s s tabi l i ty 

can be ex trapo l ated to in  vivo condi tions . Thi s  imp l i es that 

i t  i s  unl ikely tha t  every i so l a t e  is different  ( wi th respec t to 

res tric tion pattern ) , however , the degree of he terogenei ty , i f  

any , wi thin a flock o f  sheep , remains to be es t abli s hed . 

Thi s  s ecti on inves t i gates whether more than one s train , 

as defined by i ts res tric tion pa ttern , can exi s t  in  one flock 

at  any one time . 

For thi s s tudy , a time was chosen when the nasal 

cavi ties of many l ambs were co loni s ed by M . ovi pneumoni ae . 

That i s , at the s eventh swabbing ( s ee Ch . 3 . 1  . 3 , T able  V ) , 

when 2 3  l ambs were swabbed and M .  ovipneumoni ae was isol ated 

from 1 5  of t hem , one clone was t aken from each i so l a te and 

examined by REA . 

4 . 2 . 2  Mat eri als  and Me thods 

I sol ati on of M .  ovipneumoni ae from the nas al cavi ty of l ambs 

s ee eh . 3 . 1 . 2  
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Origin of i so l a tes 

L ane Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Tabl e VI I 

I solate  

( L ambda ) 
M1 0-7 

M31 -7 

M1 2-7 

M1 4-7 

M4-7 

M8-7 

M1 8-7 

M1 9-7 

Ei ght i so l at es from the s eventh swabbing 

as s hown in Fi gure 1 0  

DNA Extrac tion and Res tric tion Enzyme Analysi s  

See C h .  2 . 4  

4 . 2 . 3 Resul t s  

1 5  o f  t h e  2 3  l ambs , that were swabbed when they were 

approximately 207  days ol d ,  yi el ded M .  ovipneumoni ae from 

the nas al cavi ty . REA reveal ed 3 different patterns : 1 2  

isolates s howed 1 pat tern ; 2 i so l at es showed a s econd di s tinct 

pattern ; and 1 isolate  showed a uni que patt ern . 

Fi gure 1 0  s hows the res tri c ti on patterns exhi bi t ed by 

8 of the 1 5  i so l at es . 
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4 . 2 . 4  D iscussion 

O f  the 8 i solates shown i n  Fi gure 1 0 , i so l ates in 

lanes 3 ,  6 ,  7 ,  8 and 9 ( i . e .  M 3 1 - 7 ; M4-7 ; M 8-7 ; M 1 8-7 ; M1 9-7 ) 

show the s ame pattern , al though detai l ed compari son reveal s 

a minor difference i n  the regi on corresponding to 

approximat ely 4 . 7 4 megadal tons , of M 3 1 - 7 . 

T he i so l ates 1n l anes 4 and 5 ( i . e . M1 2-7 and M1 4-7 

respectively ) show the same bas i c  patt ern but minor di fferences 

occur in 3 s epara te regi ons of the pattern - that i s , those 

regions corresponding to approximately  1 3 , 1 0  and 4 megadal tons . 

Despi te t hes e minor differences the pat terns exhi bi ted by 

M1 2-7 and M1 4-7 were consi dered t o  be basical ly the s ame . 

The i s o l ate  in l ane 2 ( i . e .  M1 0-7 ) , however , s hows a 

pat tern t hat di ffers markedly from the other 7 i so l ates . 

Whi l e  t he 3 di fferent pat t erns shown in F i g . 1 0  cl early 

di ffer in some respects , i t  i s  no t imp l i ed that they di ffer 

i n  all respec t s . Thus , a compari s on of fas t er-moving bands , 

i . e . lower mol ecul ar wei ght bands , shows a consi derabl e 

degree o f  s i mi l ari ty among al l 3 patterns . I t  i s  interes ting 

to compare F i g .  1 0  above ( i . e . d i ffering pat t erns from the 

s ame flock ) wi th F i g . 6 ( p . S6 ) whi c h  shows di ffering patterns 

from i so l at es obtained from s eparat e  flocks . Cl early , the 

degree of variabi l i ty ( as mi ght be expected ) i s  l es s  in those­

i sol ates obtained from the s ame flock a t  the same time , than 

that shown by i sol ates obtained from di fferent flocks at 

di fferent times . The s i gnifi cance of t hi s  i s  consi dered l ater 

i n  the General Di scussion . 
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4 . 3 REA o 7  s eri al nas al i solat es 

4 . 3 . 1  I n troduc tion 

I t  was establi shed in  the previous s ection , tha t  some 

heterogenei ty ( wi t h  respect to res tri c tion pat tern ) occurs 

between i so l a t es o f  M .  ovipneumoni ae obtained from d i fferent 

l ambs of a flock at one time . 

Thi s s ection inves t i gates whether isolates obtained 

from indivi dual l ambs are homogeneous or heterogeneous . 

For t hi s  s tudy ,  s eyeral l ambs t hat yi el ded more than 

one isol ate  from t he nas al cavi ty when seri ally swabbed at  

approximately 3-week intervals  were no ted ,  and the i so l ates 

from thes e animal s were examined by REA . 

4 . 3 . 2  Materi als and Methods 

I sol ation and cloning of M . ovipneumoni ae from nas al cavi t i es 

See Chapter 3 . 1  . 2  

Origin of i s o lates 

.Lane No . I sol ate Swabbing No . Approxlma t e  Age 
of lambs ( days ) 

1 ( L ambda ) - -

2 M 2 8  4 1 1  4 

3 M 2 8  7 207  

4 M 2 8  8 2 2 5 

5 M2 1  3 9 3  

6 M2 1  4 1 1  4 

7 M1 4 6 1 7 7  

8 M1 4 7 207  

9 M 1 4 8 22 5 

Tab l e  VI II  8 s eri al nasal i sol ates from 3 l ambs 

as shown in F i g .  1 1  

DNA Extract i on and REA 

See C hapter 2 . 4 .  
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4 . 3 . 3  Resul ts 

S everal s erial nasal i s o l a t es of M .  ovipneumoni ae 

from 3 l ambs were cloned , propagated in FM4 medium , the DNA 

extrac t ed and REA performed on each . The i so l ates were 

grouped according to whi ch l amb t hey were isol ated from , and 

the res tri c tion patterns comp ared . 

Fi gure 1 1  s hows the resul t s  of compari ng s eri al nasal 

isolates ob tained from 3 l ambs : 2 isol ates from L amb M 2 1 , and 

3 from each from l ambs M 2 8  and M1 4 .  
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F i gure 1 1  : REA of 8 s eri al nasal  i solat es obtained 

from 3 l ambs of one flock . L ane 1 :  Lambda ; L ane 2 :  

M2 8-4 ; L ane 3 :  M2 8-7 ; L ane 4 :  M 2 8-8 ;  L ane  5 :  M2 1 - 3 ;  

L ane 6 :  M21 -4 ;  L ane 7 :  M1 4-4 ;  L ane  8 :  M1 4-7 ;  L ane  9 :  

M1 4-8 .  Patterns fel l i nto 5 groups : 

Groups 1 , 2  and 3 :  L anes wi t h  c los ely s i mi l ar , i f  no t 

i denti ca l , patterns : L anes 2 and 7 ;  Lanes 3 

and 4 ;  L anes 5 and 6 

Groups 4 and 5 :  Lane 8 ;  L an e  9 

L i t tl e  or no s imi lari ty i s  evi dent between the 

pat terns of di fferent groups . 
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4 . 3 . 4  D i scus s i on 

Fi gure 1 1  can be consi dered in  3 s ections : 

1 )  L amb M 2 8 .  The i solate from the 4th  swabbing ( l ane 2 )  

di ffers  from the isolate  ob�ained from the 7 th swabbing 

( l ane 3 ) . However , the i so l a t e  obtained from the 8 th 

swabbing ( l ane 4 )  i s  the same as the 7 t h  swabbing 

i s o l at e . 

2 )  L amb M21 . Isol ates from the 3rd and 4th swabbings 

( l anes 5 and 6 ,  respectively)  are identi cal . 

3 )  L amb M1 4 I so l ates from the 6 th ,  7 th and 8 th swabbings 

( l anes 7 ,  8 and 9 respectively )  all  di ffer from each 

o ther . 

No te : M2 8-4 ( l ane 2 )  and M1 4-6 ( l ane  7 )  show the s ame pat tern . 

Therefore , al though seri al nasal i solates from one 

l amb can be homogeneous , in  many cas es the i so l ates exhi bi t 

het erogene�� ty . 

For t hi s  i nves tigati on , a di s tinct res tri c ti on pattern 

i s  as sumed t o  correspond to a s train o f  M .  ovipneumoni ae . 

I t  lS conc luded that the co loni s a tion o f  the nas al  

cavi ty o f  l ambs , by a particul ar s train of M .  ovi pneumoni ae_, 

i s  usual ly only trans i tory . That i s ,  one s train pers i s ts 

for a s hort t ime only ( e . g . 2 1  days in  the cas e of l amb M 2 1 ) 

and may be s upp l anted by ano ther s train) . The s i gni ficance 

of thi s wi l l  be di scuss ed l at er in  the General Di s cus s i on . 
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4 . 4  REA of lung isolates 

4 . 4 . 1 I ntroduc tion 

The previous 2 s ec tions provi ded information on the 

coloni sation of the nas al cavi ty by s trains of M .  ovipneu­

moni ae . However , wi th respect to CNP , a n  examination o f  

i s o l ates from the lungs i s  of parti cul ar interes t .  

The i solati on techni que ( whi ch us ed pos t-mortem 

material ) prec luded s erial i so l ations which l imi ted the 

inves tigation to those  organi sms pres ent in  the lungs a t  the 

time of s l aughter . 

Thi s s ection inves tigates whether iso l at es obtained 

from the lungs of a flock o f  l ambs s l aughtered simul taneous l y , 

exhi bi t one , or more than one , res tri c tion pa t tern . 

4 . 4 . 2  Mat eri als and Methods 

I so l ation and cloning of M .  ovipneumoni ae from lungs 

See Chap ter 3 . 1  . 2 .  

Ori gin of i so l ates  

Lane Number I so l ate 

1 ( L ambda ) 
2 M1 4 

3 M S  

4 M 2 1  

5 M 7  

6 M9 

7 M20  

8 M29  

9 M1 2 

Table  I X  : Lung i so lates as s hown in Fi g .  1 2  

DNA extraction and REA 

S ee Chapter 2 . 4 .  
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4 . 4 . 3 Resu l ts  

M .  ovipneumoni ae was isol ated from 20 l ungs ou t o f  a 

total  of 2 4  t es t ed .  All  20 i sola tes  were cloned , propagated 

i n  FM4 medium , the DNA ex trac ted and REA performed on each . 

Three di fferen t patterns were s een .  1 8  i so l ates 

showed 1 o f  thes e pat terns , the o ther 2 i so l a t es gave uni que 

pat terns . 

Fi gure 1 2  s hows the res tri ction patterns exhi bi ted by 

8 of the 20  lung isolates s tudi ed .  
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Figure 1 2  : REA of 8 lung i so lates  from a flock of 

l ambs at s l aughter . Lane 1 :  Lambda ; L ane 2 :  M1 4-L ; 

L ane 3 :  M5-L ; L ane 4 :  M21 -L ; L ane 5 :  M7-L ; L ane 6 :  

M9-L ; L ane 7 :  M20-L ; L ane 8 :  M29-L ; Lane 9 :  M1 2-L . 

Patterns fell into 3 groups : 

Group 1 :  Lanes wi th c los ely s imi l ar , if  no t identical , 

pat terns : L anes 3 ,  4 ,  5 ,  6 ,  7 and 8 

Groups 2 and 3 :  Lane 2 ;  Lane 9 .  

L i t t le or no s imi lari ty i s  evi dent between the 

pat t erns of different groups . 



4 . 4 . 4  Conc l us i on 

I s o l a t e s  i n  l an e s  3 ,  4 ,  5 ,  E ,  7 and 8 ( F i g .  1 2 ) a l l  

s how the s ame res t r i c ti on p a t t ern ( a l b e i t wi th minor 1 o r  2 

b an d  d i fferenc e s ) , whi l e  i s o l a t es l n  l an e s  2 and 9 are 

di f f eren t from each o t her as we l l  as the previ ous 6 .  

I t  i s  conc l u d e d , t ha t  t he l ung i s o l a t es ( i n  t hi s  

l i mi t e d  s tudy ) , were l es s  he t erogeneous t han the n a s a l  

i s o l a t es . 
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4 . 5 Compari s on o f  nasal and lung i so l ates by REA 

4 . 5 . 1  I ntroduc tion 

Two potential  sources ( no t mutual ly exclusive ) of 

M .  ovi pneumoniae in  the lung of s heep exi s t .  They are : 

1 .  The s t rain ( or s trains) are trans ferred di rectly 

lung to lung . 

2 .  The pneumoni c strains could repres en t  nas al s trains 

invading the lower respiratory tract . 

I f  the former i s  true , then the nas al  and l ung i sol ates 

from an i ndivi dual animal should differ , and if the latter 

i s  correct ,  then they should be i dentical . 

T hi s  s ec ti on compares nas al and l ung i so l ates from 

indivi dual s heep , by REA . 

4 . 5 . 2  Materi a l s  and Methods 

I solation and cloning of M .  ovipneumoni ae 

See  Ch . 3 . 1 . 2  

Ori gin o f  i so l a t es 

8 7  

L ane No . I sol ate Source 8'1ra � �l n a  Approx . age 
N O . o f  l ambs 

1 ( L ambda ) - - -

2 M 2 8  Nas al cavi ty 4 1 1  4 

3 M28  :Nasal cavi ty 7 207 

4 M 2 8  Lungs - 2 2 7  

5 M1 4 Nasal cavi ty 7 207  

6 M1 4 Nasal cavi ty 8 2 2 5 

7 M1 4 Lungs - 2 2 7  

8 M1 2 Nasal cavi ty 7 207  

9 M1 2 Lungs - 2 2 7  

T a b l e  X E i ght nasal and l ung i solates as shown in 

F i g .  1 3 

DNA extraction and REA 

S e e  Ch . 2 . 4 .  

( days ) 
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4 . 5 . 3 Resu l ts  

S everal nas al isola tes plus the corresponding lung 

i sol ate of M .  ovipneumoni ae from 3 l ambs , were cloned , 

propagated ln FM4 medium , the DNA extracted and REA 

performed on each . The i sol ates were grouped according to 

whi ch lamb they were i s o l at ed from , and the res tri ction 

patterns compared . 

Fi gure 1 3  s hows t he results  obtained wi th 8 nas al 

and l ung isolates from 3 l ambs : 3 i s o l ates each from l ambs 

M1 4  and M28 , and 2 i so l ates from l amb M1 2 .  
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F i gure 1 3  : REA of 8 nas al and lung i so l ates  

obtained from 3 l ambs of one flock . L ane 1 :  L ambda ; 

L ane 2 :  M2 8-4 ; Lane 3 :  M28-7 ; Lane 4 :  M2 8-L ; L ane 5 :  

M1 4-7 ; L ane 6 :  M1 4- 8 ; L ane 7 : M1 4-L ; L ane 8 :  M1 2-7 ; 

L ane 9 :  M1 2-L . Pat terns fel l into 4 groups : 

Groups 1 and 2 :  L anes wi th c losely s i mi lar ,  i f  no t 

i dentica l , patterns : L anes 3 and 4 ;  L anes 6 and 9 

Group 3 :  Lanes wi th simi lar but no t i dent i cal  

patterns : L anes 5 ,  7 and 8 . 

Group 4 :  Lane 2 .  

L i t t l e  or no simi lari ty l S  evident between the 

patterns of different groups . 
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4 . 5 . 4  Di scus s i on 

F i gure 1 3  can be consi dered 1n 3 s ec tions : 

1 .  L amb M2 8 .  The i so l ate  from the 4th  swabbing ( l ane 2 )  

di ffers from that obt ained from the 7 th swabbing 

( l ane 3 ) . However , the lung i so l at e ( l ane 4)  is the 

s ame as the i s o l at e  from the 7 t h  swabbing . 

2 .  L amb M1 4 .  I so l ates from the 7 t h  swabbing ( l ane 5 )  

di ffer from that obtained , 3 weeks l at er , a t  the 

8 th swabbing ( l ane 6 ) . However , the l ung isolat e  

( l ane 7 )  i s  identi cal t o  the i so l at e  obt ained from 

the 7 th swabbing . 

3 .  L amb M1 2 .  I so l ates from the 7 t h  swabbing and the 

l ungs ( l anes 8 and 9 respec tively)  are di fferent . 

No t e : T he lung i solate  from lamb M1 2 ( l ane  6 )  i s  

identical  t o  the nas al i s o l ate from l amb M1 4 obtained from 

the 8th swabbing ( l ane 9 ) . 

I t  has been no t ed previous ly ( s ee C h .  4 . 2 . 4 ) ,  that 

whi l e  i so lat es may s how the same overal l  pattern , minor 

di fferences between the pat t erns may occur . Thi s can al so 

be s een in  Fi gure 1 3 , where the nas a l  i so l ate from the 

7 th swabbing of l amb M1 2 ( Fi g  1 3 , l ane  8 )  i s  extremely 

simi l ar to the i sol ates from the nas al cavi ty at the 7 th 

swabbing , and the lungs of l amb M1 4 ( Fi g . 1 3 , l anes 5 and 7 ) . 

That i s , the patt ern o f  i so l ate M1 2-7 appears to have 2 

extra bands i n  t he region of the pat t ern corresponding to 

approximately 1 3  megadal t ons , but appears to l ack a band 

at  approximately 4 . 5 megadal tons , when comp ared wi th the 

pat t ern of M1 4-L . The pat t ern shown by i s o l a t e  M 1 4-7 has 

already been sh�wn to exhibi t minor di fferences in pattern 

when compared wi th  M1 2-7 ( s ee Ch . 4 . 2 . 4 ) . No twi ths tanding 

these  minor di fferences , the patt erns exhi bi ted by i sol ates 

M1 2-7 , M 1 4-7 and M1 4-L were consi dered to be basi cal ly the 

s ame . 
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I t  can be conc luded that some nas al i so l ates ( and 

probably a l l  of them ) , have the abi l i ty to invade the 

lower respiratory tract . 
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4 . 6  REA o f  i s o l ates of M .  ovipneumoni ae obtained from a 

flock of l ambs : consoli da ted results  

4 . 6 . 1 I ntroduc tion 

The previous 4 s ections have cons idered the fol l owing 

rel ationshi ps s eparately : 

1 .  Nas al i so lates taken from di fferent l ambs of a flock 

at  one time . 

2 .  Nas al  i sol ates t aken from the same l amb at di fferent 

times . 

3 .  Nasa l  and lung isolates t aken from t he s ame l amb . 

However , an overal l vi ew l S  required i n  order to gain 

informa tion as to the di s tri bution , preval ence and po s s i bl e  

spread of particul ar s trains o f  M .  ovi pneumoni ae wi thin a 

flock of l ambs . 

For thi s  purpose , i so l at es were grouped according to 

their res tri ction pat tern , and each group was l abel l ed wi th 

a number to di fferentiate  i t  from al l o ther groups . 

4 . 6 . 2  Materi al s and Methods 

Ori gin o f  i solates : their i so l ati on and cloning 

See Ch . 3 . 1  . 2  

DNA Extrac tion and REA 

s ee e h .  2 . 4  

compari son of res tri c ti on pat t erns 

Pho tographs of the res triction pat t erns s hown by all  

lung and nas al i so l at es were obtained , then ' contact ' prints  

t aken from each . These  contact  prints  were cut into  s trip s  

each o f  whi ch contained the res tri c ti on pat t ern of one 

i so l at e ,  and was l abel l ed on the revers e  s i de .  Each s t rip  

was subs e quently ali gned agains t every o ther s trip in  order 
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to as certain · whether they s howed the s ame , o r  a di fferent 

pat t ern . 

Thus , i s ol ates were p l aced in  groups , wi thin whi c h ,  

a l l  members showed t he s ame res tri c t i on patt ern and thi s 

pat t ern was di fferent from t hat  shown by a l l  o ther group s . 

I n  t hi s  way , i s o l at es were clas s i fi ed according to 

which res tri ction pattern they exhi bi t ed , and each group 

was as s i gned a number , from 1 to 7 .  I f  there was any doubt 

as to  the p l acing of an i so l a t e  wi thin any p ar t i cul ar group , 

ano ther gel  was run wi t h  t he i so l a t e  i n  ques t i on ,  and a 

member o f  the group , in  adj acen t  l anes . 

Occ a s i onal ly , wi thi n  a group , there o ccurred a pattern 

that was fundamental l y  the s ame as t ho s e  o f  o ther members of 

the group , but nonethel es s s howed mi nor di fferences . These  

di fferences occurred in only  one or two sma l l  regions of  the 

pattern , and invo lved only 1 or 2 bands . Hence , the 

i solate  was s t i l l  ass i gned to  the group , but a l ower-case 

l et t er was p l aced after t he group number , e . g .  3a . 

4 . 6 . 3  Resul ts  

The resul ts  are s hown in Tab l e  XI . 

No te : T hi s  tabl e repres ents an ext ensi on o f  Tab l e  V 

( page 62)  but the res tri c ti on c la s s i fi cation number o f  each 

i solate  has now been added . 
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94 

-Swabbing s eri es 1 2 3 4 5 .--, 3 : .ungs \) l 

pate 7/1 0 3/1 1 2 5/1 1 1 6/1 2 1 3/1 1 7/2 1 9/3 6/4 8/4 
8 0  80  8 0  8 0  8 1  8 1 8 1  8 1  8 1  

!Approxi mat e 
a{�a�! ) 

l ambs 
4 5  7 1  9 3  1 1  4 1 42 1 7 7  207 2 2 5  2 2 7  

�L amb No . M1 - - - - - - 4a - 4 
M 3  - - 5 1 - 1 a 4a - -
M4 - - - - - - 4 - 4a 
M S  - - - - - - - - 4a 
M6 - - - - - - - - 4 
M7 - - - - - - - - 4a 
M S  - - - - - - 4 - 4a 
M9 - - - - - - - - 4a 

M 1 0 - - - - - - 2 - 4 
M1 1 - - - - - - 4a - 4a 
M1 2 - - - 6 - 3 3a 3 7 
M1 4 - - - 1 a - 1 3b 7 3 
M1 5 - - 2 - - - ND ND ND 
M 1 6 - - - - - - 4 - 4 
M1 8 - - - - - - 4 - 4 
M1 9 - - - - - - 4 - 4 
M20 - - - - - - - - 4 
M2 1  - - 2 2 ND ND ND ND 4 
M 2 5  - - - - ND ND ND ND ND 
M26  - - 2 - - - - 4a -
M 2 7  - - - - - - 4 - -
M 2 8  - - - 1 - - 4 4 4 
M29  - - - - - - - - 4 
M30 - - - - - - - - 4a 
M3 1  - 1 1 - - - 4a 4 -
M32  - - - - - - 4 - 4 

ND = No t done 
- = M .  ovi pneumoni ae no t i so l ated 

Tabl e XI C l as s i fi cation o f  M .  ovi pneumoniae from a flock o f  

l ambs a )  from the nas al cavi ti es swabbed a t  3-week 

interva l s ,  and b) from the lungs at s l aughter . 

Numbers indicate the REA group to which each 

i s o l ate  belongs . 



4 . 6 . 4 Di s cus s i on 

The conclus i ons from thi s tabl e ,  s ome o f  whi ch 

were drawn ln  earl i er s ecti ons ( 4 . 2 - 4 . 5 )  c an be 

summari s ed as fol lows . 

1 . 

2 .  

3 .  

Mos t  indivi dual s trains o f  M .  ovipneumoni ae were 

i s o l ated from the nas a l  cavi ty of a l amb only once , 

i . e . did no t pers i s t  for a further 3 weeks . Some 

were detec t ed twi c e  ( i . e .  pers i s ted for at l eas t 

3 weeks ) , and only one was detected thri ce , i . e .  

pers i s ted for no t l es s  than 6 weeks . 

Two s trains ( s trains 1 and 2 )  predominated ln  the 

flock  up to  the 6 th swabbing , i . e .  when the l ambs 

were approxi mately 1 77 days o l d ; t hey were then 

rap i dly rep l aced by ano ther predominant s t rain 

( s train 4 ) . 

I s o l ates from the lung ( taken at one time only ) 
were rel atively homogeneous , and i n  the main , 

corresponded to tho s e  s trains pres ent in the nos t 

20 days earl i er ( i . e .  at  the 7 th swabbing ) . 

The s i gni fi cance o f  t hes e conclus i ons as they 

relate  to the epi demi o l o gy o f  M .  ovi pneumoni ae wi thi n  a 

flock  o f  l ambs , and the p athogenes i s  o f  CNP , wi l l  be more 

ful ly di scussed in the General D i scussion . 
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4 . 7 REA o f  mul tiple  i s o lates of M .  ovipneumoni ae obt ained 

from one pneumoni c  lung 

Introduc tion 

Prac tical cons i derations l ed us to examine one 

i solate  from a s heep at  a time . However , the marked 

heterogenei ty of patt erns obtained rai sed the pos s i bi l i ty 

that mul tip l e  i s o l at es obtai ned from one l amb a t  one time , 

mi ght not be i dentical . Thi s  oues tion i s  mos t  eas i lv 

answered in ci rcums t ances where mul tip l e  i so l ates  are 

as sured . Hence , a s amp l e  from a pneumoni c lung s e l ected 

randomly at s l aughter from the local abbatoi r ,  was divi ded 

into  1 0 ,  an i so l ate was made from each , and REA p at terns 

compared . 

Materi al s and Methods 

Mul tiple  i so l ation of M .  ovipneumoni ae from lung t i s sue 

A lung s howing defini te pneumoni c l es i ons was 

obt ained from the local abbatoi r ,  and a specimen was cut 

asep ti cally  from the peri phery of the lesion . Thi s  specimen 

was di vi ded into 1 0  s egment s  and M .  ovi pneumoni ae  was 

i s o l ated from eac h ,  usi ng s tandard i so l ation and c loning 

techni ques - s ee Chap ter 3 . 1  . 2 .  

DNA extraction and REA 

See C hapter 2 . 4 .  

4 . 7 . 3  Resul t s  

Ten c loned i s o l at es obtained from one pneumonic 

lung , were propagated in FM4 medium , the DNA ext racted and 

REA performed on each . 

F i gure 1 4  s hows the res tri c tion patt erns exhi bi ted 

by a l l  1 0  i s o l a t es . 
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F i gure 1 4  : REA of 1 0  i solates o f  M .  ovi pneumoniae 

( a-j ) obtai ned from one pneumonic lung ( 1 0 3 ) .  

L anes 1 and 1 2 : Lambda ; L anes 2 to 1 1 : 1 0 3 a-j . 

Pat terns fell  into 2 groups : 

Groups 1 and 2 :  Lanes wi th clos e l y  s imi l ar , i f  no t 

i dentical pat terns : L anes 2 ,  3 and 4 ;  L anes 5 ,  

6 , 7 , 8 , 9 , 1 0 and 1 1 . 

L i ttle  or no simi l ari ty l S  evi dent between t he 

patterns of di fferent groups . 

Y /  



Conc lus i on 

Two bas i c  patterns are exhi bi ted by the 1 0  i sol ates  

s hovm ln F i g . 1 4 , i . e . 7 of  one p a t t ern and 3 of t he other . 

Note : Wi t hin  the 2 groups minor vari ations involving 1 or 2 

bands do occur . 

I t  i s  conc luded t hat  more than one s train c an be 

pres ent in the lungs of one s heep . The s i gni ficance of thi s  

wi l l  be cons i dered i n  the General D i s cus sion . 
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CHAPTER 5 An I nves tigation into the source o f  heterogene :y 

o f  s trains of M .  ovipneumoni ae 

5 . 1 Effect on res tri ct ion pat t erns of  M .  ovipneumoni ae of 

p as s age i n  vi tro 

5 .  1 • 1 I ntroduc ':: ion 

The heterogenei ty observed among the res L ri c ti on 

patterns of s trains of M .  ovi pneumoni ae in thi s s tu dv was 

surpri s ing i n  vi ew of the resul t� obtained bv o ther workers 

wi th L ep tospira i nt errogans s erovar hard j o  ( Mars hal l et al . ,  

1 9 81 ) and wi th Mycopl asma hyorhinus ( Darai et  a l . ,  1 9 8 1 ) . 

These workers reported a hi gh degree of homogenei ty among 

s train s  of these  organi sms obt ained from wi dely di ffering 

sources . Therefore , i t  was deci ded to i nvesti gate  t he 

pos s i bl e source  of the heterogenei ty obs erved wi th s trains 

of M .  ovipneumoni ae . 

1 • 

2 .  

3 .  

Three pos s i bi l i ti es exi s t : 

A l arge number o f  s t able  s trains may be independently 

main t ai ned i n  the environment . That i s , every 

i so l a t e  that s hows a di fferent res tri c tion pattern , 

represents a di fferent s train that remains 

rel atively unchanged over a l ong peri od  of time . 

The organi sm may undergo a l t erati ons ( e . g .  a hi gh 

mutation ra te)  or rearrangement ( e . g .  due to 

transposons ) in i t s genetic  materi al . 

Genetic  interac tion between s trains , e . g . by 

transduction , conj ugati on , p l asmi ds , etc . 

To i nves tigate  the long-t erm s t abi l i ty oF s trains 

of M .  ovipneumoni ae one c l oned s train was ' p as s aged in vi tro , 

and s everal s ub-c lones deri ved from the cul ture before and 

after passage  were examined by REA . 

I n  ano ther experimen t , t he cloned cul ture o f  

M .  ovipneumoni ae was pas s aged s eri ally  i n  t h e  pres ence o f  

sub-i nhibi tory concentrations of a spec i f i c  an t i s erum . 

Sub-clones were re-i s o l ated  fol lowing pass age  and examined by 

REA . 
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5 .  1 • 2 Materi al s and Method� 

FM4 Bro th and FM4 Agar - S ee Appendix 

Cloning of M .  ovipneumoni ae  s t rain 5 

Previ ous workers i n  thi s l abora tory had cloned 

M .  ovi pneumoni ae s train 5 a mi�imum of 1 0  times , and 

immedi ately prior to thi s i nves ti ga tion , i t  was c l oned onc e  

more . 

Before pas s age i n  vi tro , 8 clones were obtained from 

t he mul ti p ly-cloned M .  ovi pneumoni ae s train 5 ,  by s tandard 

methods ( s ee Ch . 3 . 1  . 2 ) .  The s e  clones were propagated i n  

FM4 bro th and fro z en i n  1 . 5ml al i guots , whi l e  s ti l l  i n  the 
. h 0 exponent1 a l  p as e ,  at  - 7 0  c .  

P ass age of M .  ovipneumoni a e  1 n  FM4 bro th 

M . ovi pneumoni ae s trai n 5 was s eri ally pass aged by 

transferring 0 . 3ml of a growing cul ture into 3 . 0ml of fres h  

FM4 bro th ,  and incubated  a t  37°C ,  unt i l  a col our change 

( indi cating growth)  occurred . Thi s was repeated unti l  the 

organi sm had undergone 20 s eri al  pass ages . 

At  each pas s age , 1 . 5ml of the cul ture was fro z en at 

1 0 0  

Af ter 2 0  s eri a l  p as s ages , 8 clones were taken by 

s tandard met hods ( see Ch . 3 . 1  . 2 ) ,  t hes e clones were propaga ted 

in FM4 bro t h , and whi l e  s ti l l  in the exponen t i al phas e ,  were 
0 frozen at  - 7 0  c .  

P as s age o f  M .  ovi pneumoni ae  1 n  the presence o f  sub-i nhi bi tory 

concentra t ions of ant i s erum 

Source of anti s erum - See eh . 3 . 2 .  

M .  ovi pneumoni ae s train  5 was pas s aged i n  the 

pres ence of sub-inhibi tory concentrations of ant i serum as 

follows : 



S eri a l  2-fold  dilutions of ant i s erum were made i n  

SOul o f  8�4 medium in 8 wel l s  o f  a s teri l e  di spo s abl e p l as t i c  

mi croti tre p l at e .  A cul ture o f  M .  ovipneumon i ae s train 5 �ra s  

c�luted 1 : 2 � 5  in FM4 broth , and SOul of t hi s di luted cul ture 

was added to each wel l  ( fi nal di lution o f  1 : 1 0 ) .  Guinea pi g 

s erum ( i . e . compl ement )  was di luted 1 : 5 in  FM4 broth , and 

1 00ul was added to each wel l  ( i . e .  final concentration of  

compl ement = 1 0% ) . Plates were then covered wi th a s t eri l e  

p l as t i c  l i d ,  p l aced in a humi di fi e d  box , and incubated at  

37°C .  

Note : A contro l  wel l  was s e t  up containi ng mycopl asma 

organi sms and compl ement , but no ant i s erum . 

P l ates were checked every 24 hours . When a col our 

change occurred 1n the contro l  wel l , t he pres ence or abs ence 

of a co l our change in the wel l s  containing anti s erum was 

noted . The pl ates were then i ncubat ed for a further 24-4 8 

hours , i . e . unt i l  2 wel l s  that were previ ous ly negative 

( no col our change ) turned pos i ti ve .  When thi s occurred , 

the conten t s  of thes e 2 wel l s  were u s ed to provi de the 

cul ture of M .  ovi pneumoni ae required for the subs equent 

pas s age . This procedure was rep eated twi c e ,  then 8 clones 

were obtai ned from the cul ture ( that had undergone 3 

pass ages i n  the pres ence of anti s erum) , using s t andard 

methods ( s ee eh . 3 . 1  . 2 ) .  

The c l ones were propagat ed in FM4 bro t h , and whi l e  

s t i l l  in t he exponential phas e ,  were fro z en a t  -7 0°C . 

DNA ex trac tion and REA 

A l l  24 clones were propagated in  FM4 , the DNA 

extrac t ed and REA performed o n  each - s ee C h .  2 . 4 . 

5 .  1 • 3 Resul t s  

The res tri c tion p a t t erns o f  8 sub-cl ones t aken prior 
to pas s ag e  in vi tro , are s hown in F i gure 1 5 . 

The res tri c tion pat t erns o f  8 sub-cl ones t aken 

fol lowing 20 pass ages in vi tro , are s hown in F i gure 16 . 
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The res tri c t i on pat t erns of  8 sub-c l ones t aken 

fo l lowing 3 pas s ages i n  vi tro , i n  the pres enc e o f  sub­

inhi bi tory concentrat ions o f  ant i s erum , are s hovm i n  F i g .  1 7 . 

The patterns were coded wi th a l e t ter , e . g .  " a" .  

A-::.y pattern tha t  di ffered from " a" by o n l y  a few bands ( up 

to 3 )  -JJas desi gnated " a ' " ( a-prime ) . A pattern t hat di ffered 

by 4 or more bands , but s ti l l  s howed the s ame overal l  pattern 

·v;as given a di fferen t l et t er ,  e . g .  " b " . 
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F i gure 1 5  : REA o f  8 sub-c l o n es o f  M .  ovi pneunoni� 

s tr a i n  5 ,  pri or to t he i n  vi tro p a s s age exp eriment. 

L an e  1 :  L ambda ; L an e s  2 t o  9 :  s t r a i n  5 ,  s ub-c lones 

1 - 8 .  P a t t erns f e l l  i n t o  3 s ub-group s : 

Sub-group a - L anes 4 ,  6 ,  7 ,  8 a n d  9 

S u b-group a '  

S ub-group a "  

L an e s  2 a n d  3 

L ane 5 .  

No t e : D i f ferenc e s  exhi bi t e d  b e twe en sub-group s a ,  a '  

and a "  are consi dered mi nor c ompared wi t h  di f ferences 

exhi b i t e d  by i s o l a t es from di f f er en t  s ourc e s . 
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P i  g'Jre '! ( : REA o f  8 sub- c l  on e s  o f  I\i . ovi pr� eu;-;-t':J 2�� ::_  a e  

s t r a i n  :; -r. a ken f o l l ovi r<g 2 0  p as s a g e s  i 1·. v i  trc : � c.n e  � 

L ambda ; L an e s 2 t o  9 :  s t ra i n 5 ( P 2 0 ) , s u b-c l o n e s 1 - 2 .  

P a t t ern s f e l l  i n t o  6 s ub- groups : 

S u b- group a :  L an e s  6 ,  8 a n d  9 

S ub-group a " : L an e  7 

S ub- group a ' " : L ane 5 

Sub- group 

S ub- g roup 

S ub- g roup 

a • : " :  L an e  

t :  L anE: 

c :  L an e  

4 

2 

3 

N o t e : D i fferen c e s  be tween s u b- group s  ' a ' , ' b ' and ' c '  

are s l i ght l y  g r ea t er t han d i f f er e n c e s  1_1;� t:1i n s u->:: - grou p s  

' a ' , i . e . a ' , a " , a" ' , e; '"' ,bu t a r e , n ever t he l e s s , 

c o n s i d ered m i nor compared wi t h  d i fferen c es exhi b i t ed 

by i s o l a t es f rom d i f f eren t s ourc e s . 
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:· -i_ gure 1 7 : REA o f  8 sub-c l o y� e .s  o f  f.l . 

s tr a i n  5 t a ken fo l l owi ng 3 p a s s a g e s  i n  vi tro i n  the 

pre s en c e  of s ub- i nh i bi t ory c on c en t ra t j o n s  of 3� t i s erum . 

L an e  1 :  L ambd a ; L a:·. es 2 to 9 :  s t r a i n  5 ,  ( P 3 ..;- h:::> ) sub­

c l on e s  1 - 8 . P a t t erns f e l l i n t o 2 sub- g roup s : 

S ub- group a :  L an e s  2 ,  4 ,  5 , 6 ,  7 ,  8 an d 9 

Sub- g rou p a "  : L ane 3 

No t e : D i f feren c e s  exhi bi t e d  be tween sub- g ro� ? S  a ,  a '  

and a" are c on s i dered mi n o r  c omp ared wi t h  d i f f eren c e s  

exhi bi t ed b v  i s o l at es from d i f f er en �  s ourc e s . 
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�· . I .  4 

l . 

2 . 

3 .  

4 .  

Discussi o:r 

S everal c �s ervations can be made : 

Al l 2 4  pat t erns ( 8  befcre pas s age ; 8 after 2 0  

passages in vi t::co and 8 af ter 3 pass ages i n  t"he 

presence of antis erum ) s how c l ear areas o f  i dent i ty 

and hence are clos Ely rel a t ed . Never the l es s : 

the 8 sub-c l ones t aken before passage  in vi tro 

( F i g .  1 5 ) are no t t o t a l l y  homo geneous , but p a t t erns 

fall  i n to one bas i c  group ( p a t t ern a ) whi ch 

includes patterns wi th only a few � up to 3 bands ) 
' 

di fferences , e . g .  p a t t ern a ( l ane 3 )  app ears t o  

have a n  extra band a t  approximately 1 3-7 megadal tons 

but l acks a band a t  approxi ma t ely 2 . 1  megadal tons 

when compared to pattern a ( l ane 4 ) . 

After 2 0  p as sages in vi tro , 8 sub-clones ( F i g . 1 6 ) 
showed 3 patt erns that reveal ed more than 3 

di fferences . Thes e are represented respec t i vel y  by 

l ane 2 ;  l ane 3 ;  and l anes 4 to 9 .  However , the 

pat t erns in  l anes 4 to 9 s how some minor di fferences , 

i . e . changes in  no t more t han 3 bands . 

Aft er tri p l e  pas sage i n  vi tro i n  the pres enc e  o f  

sub-inhi bi tory concentra t ions of  antibo dy ( F i g .  1 7 ) ,  

8 sub-c lones appear to be s l i ghtly more homogeneous 

than b efore pas s age . That i s ,  al l pat t erns fel l 

into one group ( p at t ern a ) , wi t h  only one s ub-c l one 
1 1  

s howing a minor di fference ( l ane 3 ,  pat t ern a ) .  

I t  i s  concl uded t ha t  t he heterogenei ty o f  t he 

ori ginal c l oned cul ture has increa s ed after 20  p as s ages ln  

vi tro but decreased fol l owing 3 pas s ages in the pre s ence of 

ant i s erum . T he s i gni ficance o f  t hi s  is  consi dered i n  the 

General Discus s i on .  
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CHAPTER 6 :  General Di scuss ion 

Resolution of bands in res tric tion - a t t erns . The reso lution 

of fragments of DNA ( produced on di ges t i on wi th a res tric ti o� 

endonucl ease )  i n  an agaros e  gel , depends on 3 maj or factors : 

1 • 

2 . 

3 .  

The agaros e  gel el ectrophores i s  t echni que ( which 

is s tandard in  thi s  s tudy and whi ch s hould resolve 

up to 30-1 00 bands ) . 

The compl exi ty o f  Lhe DNA . 

The average s i z e  of DNA fragmen t s , whi ch wi l l  

depend o n  the number and di s tribution res tri c tion 

endonuc l ease recogni t i on s equences . 

Mycopl asma DNA has a mol ecul ar wei ght of approximately 

1 0 7 

5 x 1 0 8 dal tons ( Bergey ' s Manual o f  D e termina tive Bacteri o l o gy ,  

8th Ed . ) and M .  ovipneumoni ae has a G+C content of 2 8% 

( Maj or , 1 9 7 7 ) . Calculations bas ed on t hi s  dat a ,  ( and 

as suming random di s tribution of bas es ) , s how tha t , the 

number of fragmen ts expec t ed on di ges tion of M .  ovipneumoni ae 

DNA wi th EcoRI woul d be approxima t ely 2 30 .  Experimental ly , 

only 30 to 40 bands of varying resolution and i · � t ensi ty were 

produced . There are a number of expl anations for thi s 

di fference between the obs erved and expec t ed number o f  bands 

( no t  mutual l y  exclusive) . I t  i s  mo s t  li kely tha t  some bands 

repres ent more than one fragmen t , however , bas es may be 

markedly non-random : thus , t here may be fewer recogni tion 

s e quences t han expected ; or , s ome bas es may be methyl a ted . 

The las t two expl ana tions , i f  true , woul d resul t in fewer 

fragments , but the average mol ecul ar wei ght o f  t hese  

fragments would  be proportiona l l y  hi gher . When patterns 

were compared to the pat t ern produced by l ambda DNA ( as a 

mol ecul ar wei ght marker ) t here was no obvious bi as towards 

t he hi gher mol ecul ar weight bands . Moreover , di fferenc es 

i n  intens i t i e s  o f  bands o f  s imi l ar mol ecul ar wei ght , support s  

the conclus ion that some bands represen t  mul t i p l e  fragments . 

That i s , the i n t ensi ty of fluorescence i n  a band i s  

proportional to the amount o f  DNA pres ent , and i n  b ands 

containing e qual amounts of fragmen t s , the i nt ens i ty of 

fluoresc ence i s  proportional to the mol ecul ar wei ght ( thus , 

a decreas e  i n  i nt ens i ty o f  bands i s  obs erved i n  the gel  



towards the l ower mo l ecul ar wei ght bands ) . Therefore , 

di fferences i n  intens i ti es of bands o f  s imi l ar mol ecul ar 

wei ght , would indi cate  that  di fferent amounts o f  DNA are 

pres en t ; thus , i f  the l i ghter band represents a singl e 

fragmen t ,  t he more i n t ense band mus t represent mul tip l e  

fragmen ts . Thi s  also  means that changes i n  1 o r  2 fragments  

may no t be  detectabl e in  the overal l  pat tern . 

App l i c a ti on of REA to the i dent i fication of s trains of 

M . ovi pneumoni ae 

For REA to be use rul for the i dent i fication o f  

s trains , 3 requirements mus t be ful fi l l ed . They are : 

1 • 

2 .  

3 .  

REA mus t  produce a recogni s abl e and reproduci b l e  

pat tern . 

The pat tern mus t  be s tabl e  after at  l eas t l imi ted 

pas s age in vi tro . 

Vari a ti on i n  res tri c t i on p a t t ern mus t exi s t  between 

s trains . 

Despi t e  t he l i k e l i hood that many bands , i n  the res tri c ti on 

pat t ern of a s train of M .  ovipneumoni ae , may repres ent 

mul tiple  fragments , recogni s able  p a t t erns were obs erved , 

and were found to be reproduc i b l e  ( F i g .  5 ) . The s e  pat terns 

were s hown to be s tabl e  after a l imi ted number of pas s ages 

in vi tro ( Fi g .  9 ) , and di fferen t s trains gave di fferent 

res tri c ti on p a t t erns ( Fi g . 6 ) . Therefore , t he t hree 

requirements were ful fi l l ed and i t  was concluded that REA 

would be us eful for i denti fying s trains of M .  ovipneumoni ae . 

REA of M .  ovi pneumoni ae compared to that of o ther mi cro­

organi sms 

Robberson et al . , ( 1 9 80 ) examined the D NA o f  one 

s train of Mycop lasma ho.minis  type I using s everal res tri ction 

endo�uc l eases . EcoRI gave approximately 2 3  fragments , but 

there appeared to be no Barn HI c l eavage s i te i n  thi s 

mycopl asmal DNA . Darai e t  al . ,  ( 1 9 8 1 ) examined the DNA o f  

s everal s trains of Mycopl asma hyorhini s usi ng t he 

res tri c ti on endonuc l eas e ,  Bs t EI I , whi ch reveal ed only 4 

di s tinct fragments . Bo th workers concluded t ha t  REA \vas 
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• 

useful in  the speci es i d enti fication of thes e mycop l asmas . 

Miel enz e t  al . , ( 1 9 7 9 )  concluded t hat 3 s peci es of Rhi zobi um 

coul d be i dentifi ed on the bas i s  of their restri c tion 

patterns , and Mars hal l e t  al . , ( 1 9 8 1 ) found that REA of 

L eptospira inte�s could di s tingui sh s erovars . These  

workers found tha t  s trains wi thi n  a s peci es of Rhi zobium or 

a s erovar of L .  in te:r:roga..YJ.s were l argely homogeneous wi th 

respect to res tri c tion pattern , al though some minor 

di fferences di d occur . 

Thes e resul ts  are in marked contra s t  to Lhose  o f  the 

pres ent  s tudy , in whi ch the res tri c tion pa tterns exhi bi t ed 

by s trains of M .  ovipneumoniae al lows REA to be us eful for 

s train i dentifi ca tion , but no t in speci es i dent i fication . 

However , in the present work , only one res tri c ti on endo­

nuclease was us ed , and possibly o ther restriction endo­

nucleas es may be useful for i denti fying the species , 

M .  ovipneumoni ae . 

Use  of REA in an epi demi ological s tudy . 

The present s tudy shows tha t  many s trains of 

M .  ovipneumoni ae exis t  wi thin a flock of l ambs , but no t al l 

i solat es are di fferen t . REA c an therefore be us ed to 

examine  the epi demio logy of M .  ovipneumoni ae wi thin a flock 

of l ambs . 

Examination of i s o l ates from one flock o f  l ambs l ed 

to the foll owing conclus ions : 

1 • 

2 .  

3 .  

S everal s trains o f  M .  ovipneumoni ae can be recovered 

from the nasal cavi t i es of one flock of l ambs . 

However , a t  any one s ampl ing t ime , one s train may 

predominat e .  

The coloni sation o f  the nas al c avi ty � f  a l amb 

i s  o f t en transi tory , but c an pers i s t  for at l eas t 

6 weeks . 

S trains o f  M .  ovipneumoni a e  recovered from the 

lungs of the flock of l ambs a t  s l aught er c an be 

rel atively homogeneous , and can correspond to those  

s trains pres ent i n  the nas al cavi ty , 2 0  days earl i er .  

1 0 9 



Thes e conclusions were derived from one flock of l ambs , in  

one year , and in  one par t  o f  New Zeal and . A ful l epi dem­

io logical s tudy of M .  ovipneumoni ae i n  New Zeal and sheep , 

woul d require an examination of di fferent flocks , in 

di fferent geographi cal  l ocations , and s houl d take plac e  

over a number o f  years . Any conc lus i on reached by 

extrapol ation of the present resul ts mus t ,  therefore , be 

tentative . Neverthe l es s , i t  is interes ting tha t  isol ates 

of M .  ovi pneumoni ae obtained from the lungs o f  the l ambs at  

s l aughter , were more homogeneous than those obt ained from 

the nas al cavi ties . There could be two exp l anations for thi s : 

1 • 

2 .  

A l imi ted number o f  s trains o f  M .  ovi pneumoni ae 

are capabl e  of invading the lungs of l ambs . 

The s train o f  M .  ovipneurnoni ae predominant i n  the 

nas al cavi ty at the time of maximum s tres s factors , 

invades the l ungs , i . e .  the invas i on of the lower 

respiratory trac t by M .  ovi pneumoni ae may be s tres s­

dependen t rather than s trai n-dependent . 

The ex t ensive het erogenei ty obs erved among lung 

i so l ates of di fferent flocks ( F i g .  6 )  favours the s econd 

expl anation .  However , bo t h  hypo the s es are tes tabl e ,  by 

ext ending the s tudy to more flocks , and by comparing nas al 

and lung isol ates wi thin a flock over the summer/autumn 

period . 

U s e  of REA in determining the rol e  of M .  ovipneumoni ae l n  the 

pa thogenesi s  of CNP . 

Further i nves ti gation i s  required in  order to 

es tab l i sh the exact  rol e  that M .  ovipneumoni ae plays ln  the 

pathogenesi s  of CNP . For thi s  purpo s e , REA could be us eful  

i n  the fol lowing : 

1 • An epidemi ological  s tudy o f  lung i so l a tes of 

M .  ovi pneumoni ae from di fferent flocks , in  di fferen t 

geographi cal locations , i n  di fferen t years , 

together wi th  a s tudy of pneumonic l esions in  tho s e  

l ambs - to i nves t i gate  whe ther any correlation 

exi s ts between the s everi ty of l ung l esions and the 
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2 .  

3 .  

s train of M .  ovipneumoni ae . 

Fur ther transmi s s ion experiments  us i ng di fferen t 

s trains of M .  ovipneumoni ae , parti cul arly wi th any 

s train that i s  cons i s tently as soci a t ed wi th 

ext ensi ve pneumoni c l esions . 

I n  transmi s s i on experiment s  using non-Speci fic  

Pathogen Free s heep , the i s o l at es obtai ned fol lowing 

s l aughter could be examined by REA t o  s how 

unequivoca l ly that the inocul ated s train , rather 

t han a resident  one , had coloni s ed t1·1e lungs . 

Ori gin o f  heterogenei ty of s trains . 

1 1 1 

T he unexpec t edly l arge number of di fferent res tri c tion 

patterns exhibi ted by i so lates of M .  ovipneumoniae rai sed 

ques tions as to the ori gin of thi s  heterogenei ty . Several 

possibi l i ti es exi s t : 

1 • 

2 .  

3 .  

Mul tip l e  s tabl e s trains may be independently 

maintained ; 

Frequent genetic interchange between s trains give 

ri s e  to a mul tiplici ty o f  REA pat t erns ; 

or , 

The DNA o f  M .  ovi pneumoni ae may have a hi gh 

po tential  for change , e . g .  by mut ation . 

An 1n vi tro experiment ( using a mul tiply-c loned s train of 

M .  ovipneumoni ae ) was performed to i nves t i gate  the ori gin o f  

heterog enei ty ,  revealing that : 

1 • 

2 .  

3 .  

Sub-clones , t aken immedi a t ely fol lowing c l oning , 

were no t to tally homogeneous , but reveal ed minor 

di fferences in res tri c tion p a t t ern . 

Sub-clones , taken fol l owing mul t i p l e  pas s age in vi tro , 

s howed an i ncreas e i n  the heterogenei ty when 

c ompared to ( 1 ) above . 

Sub-clones , taken fol lowing  l imi ted pas s age in  the 

pres ence of antiserum , were l es s  het erogeneous t han 

the sub-clones from ( 1 ) above . 



I t  s houl d .be  no ted here , that all  but 3- 5 bands ( out of 

30-40 discernabl e bands ) o f  a pat tern from one sub-clone , 

were in the s ame pos i ti on and o f  equal intensi ty when 

compared wi t h  patterns produced by the o ther sub-clones . 

Therefore ,  t he di fferences obs erved between sub-c lones were 

consi dered minor when compared to the di fferences s een 

between the patterns of random isola tes ( Fi g .  6 ) . Henc e ,  

thes e findings do no t i nva l i date  the us e of REA i n  

epi demiologi cal s tudi es . 

The increas e i n  heterogenei ty of res tri c tion 

pat t erns o f  the sub-c l ones after mul tiple  p as s age in vi tro 

does , however , indicate  that a s train of M .  ovipneumoni ae 

has the po t ential  for change . The ori gin o f  vari a tion i n  

the DNA of microorgani sms can be : 

1 • 

2 .  

3 . 

Mut ation 

I n terchange of g enet i c  ma teri al wi t h  other mi cro­

organi sms , i . e . vi a transduc tion , conj uga tion , 

trans forma ti on , pl asmi ds . 

No t e : thi s  may be importan t 1 n  the f i e l d  but i s  no t 

appl i cabl e to the minor changes whi ch occurred i n  

the pure cul tures used in thi s i n  vi tro experiment .  

Rearrangement o f  genetic materi al wi thin the cel l 

i . e .  transposons . 

Since mutations occur in the DNA of al l l iving organi sms , 

and nei ther ( 2 ) nor ( 3 ) have been shown to o ccur in 

M .  ovipneumoni ae , perhaps the mos t  conservative hypo thes i s  

i s  t hat , changes i n  res tric tion pattern obs erved after 

mul tiple  passage i n  vi tro , repres en t  random mutations . 

Limi ted growth woul d  a l l ow t hese random mut a tions to occur 

between the time o f  colony forma tion and subs equent growth 

i n  cul tur e , giving ri s e  to limi ted variation , as  was 

obs erved . Moreover , many sub-cul tures woul d provi de the 

s cope for greater varia tion as was a l so obs erved . 
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The rela tive homogenei ty after pas sage i n  the pres ence 

o f  antibody might be explained if certain mutations were 

s e l ected agains t by the antis erum us ed . However , t hi s woul d 



require t hat changes in the DNA res tric tion p a t t ern woul d 

corre l a t e  wi t h  changes in surfac e pro teins . 

Whi l e  muta tion i s  the mos t  cons ervative expl anation 

of the origin of heterogenei ty among s trains o f  

M .  ovi pneumoniae , the pres ence o r  abs ence of g enetic 

interac t i ons , and transposons , is  amenab l e  to inves ti gation , 

and further work wi l l  be required to deci de t hi s . I t  has 

been reported , that variation in restric tion pat terns occurs 

fol lowing  pass age of vaccini a  virus i n  vi tro . Pani cali 

e t  al . ( 1 9 8 1 ) reported two maj or vari ant s  o f  the WR s train o f  

vaccinia virus following s erial propagation o f  plaque­

puri fi ed virus s tocks , in vi tro . These  vari ations were 

di s covered to be due to a )  a 6 . 3  megadal ton del etion , and 

b )  addi tion of uni que viral sequences . 

Conclus ion : From thi s s tudy , we have arrived a t  s everal 

conclus ions : 

1 . 

2 .  

3 . 

4 .  

s .  

REA gives reproduci ble  resul ts when applied to 

M .  ovipneumoni ae . 

M .  ovipneumoni ae DNA i s  s t ab l e  after limi ted 

passage in vi tro . 

Mul tipl e  s eri al pas s age i n  vi tro s hows some 

di fferences between mul ti p l e  sub-clones . 

Therefore , M .  ovi pneumoni a e  appe ars to have the 

po ten tial for vari a tion . 

To dat e ,  every isolate  from independen t sources 

( i . e . different  flock of s heep )  has exhi bi t ed a 

uni que res triction pattern . 

REA i s  us eful for " fi ngerprinting" s trains of 

M .  ovipneumoni ae in epi demi ological  s tudi es wi thin 

a flock . 

Areas where further work shoul d  b e  undertaken fal l into 2 

categori es : 

1 • A more detai led examination o f  s trains  of 

M .  ovipneumoni ae in the upper and l ower respiratory 

trac ts o f  a number o f  f l ocks o f  l ambs . A s tudy i s  
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2 .  

1n progress by George I onas , using PAGE i n  an 

at temp t to correl a t e  di fferences in pro teins wi th 

di fferences in bands o f  res tric tion p a t t erns . 

S ero l ogical work would also  be us eful i n  the s tudy 

of thes e s trains . 

The ori gin of heterogenei ty , e . g .  a s earch for 

genet i c  interac tion between s trains ; transposons ; 

plasmi ds ; a s tudy o f  mutation rates , e t c . 

P erhaps thi s may be regarded as more t han the 

normal number of " loose ends " , s ince the number of ques tions 

asked a t  the end of thi s thes i s , outnumbers t ho s e  answered 

by the work . I n  the circums tanc es , comfort may be taken 

from one of my more i l lus trious predecessors , who no ted : 

" I t  i s  charact eri s t i c  o f  Science and Progres s 

t ha t  they continual ly open new fi elds to  our 

vi s i on . " 

Loui s Pas teur 
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APPENDIX  

FM4 Bro th 

T hi s  medium i s  the four th o f  s everal formula tions 

of Frey , Hanson and Anderson ( 1 9 6 8 ) . T he formul a i s : 

No te : 

NaCl  

KC l 

Mgso4 . 7H20 

Na2HP04 . 1 2H20 

KH2Po4 
Glucose 

P ep tone CS ( Bac to ) 

Yeas t Autolysate ( Albimi ) 

NAD 

5 . 0g 

0 . 4g 

0 . 2g 

4 . 0 3 g  

0 . 1  g 

1 0 .  O g  

1 0 .  O g  

5 . og 

0 . 1 g 

L-cys teine HCl 0 . 1 g 

E agles Vi tamin Solution ( X1 00 ) 2 5ml 

0 . 41o pheno l red 2 . 5ml 

P �nici l l in 1 06 uni ts 

Thal lous Acetate 

Deioni sed water to 

0 . 5ml 

1 000 . 0ml 

1 .  The thallous acetate was di s s ol ved in 1 0ml of 

deioni sed wat er and added to the medium dropwi s e  

t o  prevent precipi tation . 

2 .  The basal medium was suppl emen t ed wi th 1 50ml of 

pig s erum . 

3 .  The pH of the medium was adj us ted to pH 7 . 8 

wi th 1 . 0 N NaO H .  

4 .  The complete  medium was c lari f i ed by fi l tration 

through non-s teri l e  5 . 0 ,  0 . 4 5  and 0 . 2um pore­

s i z e  fi l ters ; and s teri l i s ed by fi l tra tion 

t hrough a s teri l e  0 . 2um fi l ter .  

5 .  The formula for E agl e ' s  Vi t amin Solution ( X1 0 0 )  

i s : 

D-bio tin 

C al cium pento thenat e  

Choline chloride 

Folic aci d  

Riboflavin 

2 0mg 

2 0mg 

2 0mg 

2 0mg 

2 . 0mg 
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FM4 Agar 

Myo-I nosi to l  

Ni acinami de 

Pyri doxine 

T hi amine-HC l 

D i s ti l l ed wat er to 

40mg 

20mg 

20mg 

20mg 

1 OOml 

0 T he solution was s tored in 2 5ml ali quo ts a t  -20 C 

unti l required . 

6 .  Gro \nh of M .  ovi pneumoni ae ( a glyco lytic  

mycoplasma ) i n  FM4 bro th was indicated by a 

colour change i n  the pH indicator from red to 

yel low . T he medium was us ed irrunedi a tely  or 

s tored at  4°C for no t more than 2 weeks . 

BHI ( Di fco ) 
Agar 

Deioni s ed water to 

0 . 7 4g 

1 • Og 

20 . 0ml 

The BHI-agar was autoc laved at 1 2 1 °C for 1 5  minutes . 

I t  was then coo l ed t o  approxima tely 50°c and added to 80ml 

of FM4 at 46°C . The medium was mixed thoroughly , and 4ml 

volumes were pipet ted i n to s orrun p l as tic petri-di shes wi th 

tight-fi t t ing l i ds . Once t he medium had solidi fi ed , t he 

plates were dri ed a t  37°C for 1 5  minutes . The plates  were 

then used irrunediately , or s tored at 4°C for no t more t han 2 

weeks . 

Phosphate Buffered S aline ( PBS ) 

NaCl S . Og 

KC l 0 . 2g 

Na2HP04 1 . 1 S g  

KH2Po4 0 . 2g 

Di s ti l l ed wat er to 1 000 . Oml 

The solution was autoc l aved at 1 2 1 °c for 1 5  minutes . 

F inal pH = 7 . 2  to 7 . 4 . 
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