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GENERAL INTRODUCTION 

There has been  com paratively  l i t t l e  a t t e n t io n  p a id  in  th e  p a s t  

to  the  o o ry n eb ac to ria  which a re  found i n  th e  bovine udder* Y/ith th e  

ex cep tio n  o f  Oorynebacterium  nyogenes* th o se  c o ry n e b a o te r ia , th e  

m a jo r ity  o f which form  a homogenoous group -  Gorvnebacterim n b o v is  - ,  

were co n s id ered  to  be apathogen ic  and in cap ab le  o f  a iT o c tin g  udder o r  

mille* Most o f  th e  b a c te r io lo g ic a l  work on th e  p re v e n tio n  and cure  o f  

m a s t i t i s  has been concerned w ith  th e  é ra d ic a t io n  o f s tr e p to c o c c i  and 

s ta p h y lo o o cc i, b u t th e re  i s  m2 in c re a s in g  number o f  ca ses  o f m a s t i t i s  

from  viiioh  th e se  organism s cannot be Iso la te d *  M a s ti t is  i s  of 

oontinui.ng economic iinportanco , i n  s p i te  o f  th e  a ttem p ts  made to  

e ra d ic a te  s tr e p to c o c c a l and s tap h y lo co cca l in fe c tio n *  T h is d ise a se  

may be re sp o n s ib le  f o r  an annual lo s s  o f  &9-20 m il l io n  due to  th e  

re d u c tio n  o f  m ilk y ie ld  (W ilson, 1963, 196if. a  and b )  w ith  an e s tim a ted  

d e p re c ia t io n  in  th e  m arket value o f s took  o f  cG762,000 an n u a lly  (Y/est, 

1966)* As a  r e s u l t  o f  sui’veys in  England and Wales i t  has been found 

t h a t  in  any one month 14/5 o f  dair;;/- cows may s u f f e r  from  c l i n i c a l  

m a s t i t i s  tmd a t  any one tim e 25/5 may sui’f o r  from s u b o lin ic a l  m a s t i t i s  

(W ilson, 1964 b^* A cow w ith  c l i n i c a l  m a s t i t i s  u s u a l ly  lo s e s  about 

20/5 o f  th e  mille y ie ld  p re d ic te d  f o r  th a t  l a c ta t io n  and 0 'Donovan, Dodd 

and Heave ( i 960) found t h a t  s u b o lin ic a l  m a s t i t i s  can d ep ress  th e  y ie ld s  

o f mille, s o l id s - n o t - f a t  and b u t t e r - f a t  by 10, 11 and 12fo re sp e c tiv e ly *  

The organilsms commonly reg ard ed  as p o te n t i a l  cau ses  o f m a s t i t i s  

( p a r t ic u la r ly  c l i n i c a l  m a s t i t i s )  a re  S taphylococcus au reu s . 

S trep tococcus a ^ a la o t ia e .  B tr , u b e r is .  S tr*  dvsg-alaotiae and ( in



c.

sununoi' m a s t i t i s )  BYSmes.* % e  p reaom inating  organism

amongst th e se  has changed o v er th e  y e a rs , S tr#  aga3.aotiae beâjig th e  

organism  which was most im p o rtan t b e fo re  th e  in tro d u c t io n  o f  a n t ib io t i c s ,  

b u t s in c e  th e  d ise a se  has been t r e a te d  w ith  a n t ib io t i c s -  Btanli* au reu s  

has become th e  organism  v;hioh, o f  th e  f iv e  m entioned, i s  most u s u a lly  

i s o la te d  from cases  o f m a s ti t is *  Thus, in  1942, a  survey  c a r r ie d  ou t 

from  Y/eybridgo found th a t  B;|r# agal.ao .tiae was re s p o n s ib le  f o r  /j4^ o f  

th e  o l in io a l  c a ses  o f m a s t i t i s ,  and Stemh# au reus was re sp o n s ib le  f o r  

1%^ o f  th e  c l i n i c a l  c a se s , whereas in  1962 th e  f ig u re s  were k% and 3!*^ 

re s p e c t iv e ly  (W ilson, I 963) ,

The organism s which have been termed "low -grade pathogens" (W ilson 

1963) have re c e iv e d  l i t t l e  a t te n tio n *  Wall (191B) l i s t e d ,  i n  ad flltio n  

to  s t r e p to c o c c i ,  stajshyloooooi and 0*pyogenes^, th e  fo llo v iin g  as c a u sa tiv e  

organism s o f m a s t i t i s  % E sch e rich ia  colu^ Mvooba o torium t u b erc u l o s i s , 

M M œ S i .  a«a M a e£ 2 E S aS ia  SSSSSSimm* Hemfter (1948) l i s t e d

iêF ,feÇ i® £  s a œ s i â »  Iis£23â, Ê Ê m É a s m  as being

o c c a s io n a lly  re sp o n s ib le  f o r  m a s t i t i s j  Wilson and M iles (1935) b r i e f l y  

m entioned co lifo rm  b a c te r ia ,  Sph* neprppftor us and Pa . aeruginosa.*

The d i f f i c u l t y  o f  dec id in g  which organism s a re  capab le  o f  cau sin g  

m a s t i t i s  r e s u l t s  from th e  method o f  d iag n o s is  of th(g d lsoase*  The o n se t 

o f  m a s t i t i s  i s  o h a ra c te r ig e d  by th e  accum ulation o f  le u co cy te s  and th e  

e n try  o f b lo o d  c o n s t i tu e n ts  in to  th e  milk* The d ia g n o s is  o f  m a s t i t i s  

i s  b ased  on th e  p resence  o f  c l i n i c a l  symptoms in  th e  anim als changes 

in  th e  com position o f  th e  m ilk  tow ard th a t  o f b lo o d  ( f o r  example, r i s e  

in  pH, in c re a s e  in  c h lo r id e  c o n te n t, th e  p resence  o f  o a ta la s o ) | th e  

p resen ce  o f  " leu co cy tes"  in  the  miHcj and th e  d e te c t io n  o f  c a u sa l



organisms* Obviously m a s t i t i s  i s  most r e a d i ly  d iagnosed  when c l i n i c a l  

symptoms a re  p re s e n t in  th e  anim al and when th e re  a re  obvious phyaiea3. 

changes in  th e  m ilk  (p resence  of c lo t s ,  o r  th e  udder s e c r e t io n  b e in g  

th in  and w atery , p o s s ib ly  yellow  in  c o lo u r, and p o s s ib ly  tin g e d  w ith  

blood)* IVhen m a s t i t i s  o f  t h i s  advaîxoed type has been diagnoood th e  

organism s i s o la te d  from th e  udder s e c re tio n  a re  s tro n g ly  su sp ec ted  o f  

causing  th e  m a s t i t io  cond ition*  Before th e  in tro d u c t io n  of a n t ib io t i c s  

s tr e p to c o c c i  were most f re q u e n tly  i s o la te d  from such o a se s , and 

s tap h y lo co cc i were th e  second most common organism , These organism s 

in  p a r t i c u l a r  th e re fo re  hayo gained  a  r e p u ta t io n  as  being  th e  c h ie f  

c a u sa tiv e  organism s o f  bovine m a s tit is*  When aubcl:jJnioal and in c ip ie n t  

m a s t i t i s  was to  be d iagnosed  b e fo re  th e  development o f  c3.:tn:lca,l syraptoms 

o r  g ro ss  p iiy a ic a l changes in  th e  m ilk , r e l ia n c e  was p la ce d  upon th e  

p resence  o f le u co cy te s  in  th e  m ilk , and th e  d e te c t io n  o f organism s 

capab le  o f  causing  m a s t i t i s  ( i* e . s tre p to c o c c i and s tap h y lo o o o o i)• In  

th e  event o f  c a u sa tiv e  organism s n o t b e in g  i s o la te d ,  th e  c o n d itio n  has 

been term ed " n o n -sp e c if ic  m a s t i t i s "  (Malcolm and Gampboll, 1946; Laing 

and Malcolm, 1956)# The dl-agnosis o f  n o n -s p e c if ic  s u b o lin ic a l  m a s t i t i s  

th u s  depended e n t i r e ! ; /  on th e  d o te o tio n  o f  a h igh  oo3J- count i n  th e  

milk* T o ta l c e l l  coun ts and d i f f e r e n t i a l  c e l l  oouni;,^ u ls tlB g u ish in g  

between le u co c y te s  and e p i t h e l i a l  c e l l s  o r  between d i f f e r e n t  typos o f 

le u c o c y te s  (B lackburn and Maoadoja, 19% ) have a l l  been used  f o r  th i s  

purpose by d i f f e r e n t  workers (B lackburn, Laing and Malcolm, 1955;

Laing and Malcolm, 1956).

Thus th e re  was made an im p l ic i t  assum ption th a t  th e  s tre p to c o c c i
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and s tepby looooo i most f re q u e n tly  i s o la te d  from üasôa o f  c l i n i c a l  

m a s t i t i s  wei^e ‘liie organism s a lso  rc sp o n s ib lo  f o r  i n i t i a t i n g  th e  m a s t i t io  

ird*ection , s in c e  th e  absence o f  s tre p to c o c c i and s ta p h y lo co c c i (and 

C.nyogm ies) i n  m ilk  shov/ing a h igh  c e l l  coun t u s u a l ly  caused th e  sub- 

c l i n i c a l  m a s t i t i s  to  be c a l le d  n o n -sp e c if ic  u n le s s  la rg e  numbers o f  

c o n fo rm s . Pa * aempflnos a  o r  c e r t a in  o th e r  organism s reco g n ised  a.s low- 

grade pathogens were iso la te d *  These last-nam ed  organism s were reg o rd ed  

a s  (lowwgrade) pathogens p r in c ip a l ly  because th e y  were n o t found i n  th e  

h ea ltîiy  bovine u d d er. On th e  o th e r  hand, th e  organism  veiy  comaoxily 

found i n  th e  healtl'^y (and m a s t i t ic )  udder, and capab le  of be ing  

i s o l a te d  from  a  very  h ig h  p ro p o rtio n  of sam ples o f  f r e s h ly  drawn m ilk  

-  namely G .b o m s  -  v?as reg ard ed  a s  an apathogenic member o f th e  normal 

f l o r a  o f th e  t e a t - c a n a l  o f no s ig n if ic a n c e  in  th e  development o f  

m a s ti t is #  U n fo rtim ate ly  th e  p u b lish ed  surveys ooverlnig bo th  th e  

in c id en c e  o f  bov ine m a s t i t i s  and th e  organisms i s o l a t e d  from m ilk  

sam ples have u s u a lly  s u f fe re d  from th e  f a i l u r e  to  r e p o r t  a l l  th e  

organism s is o la te d #  Gox^vnebaçtoxUum bov is  i s  % e  organism  most 

fx^equently o m itted  (e#g# Laing and Malcolm, 1956)* Because o f t h i s  

s e le c t io n  o f organism s to  be re p o r te d  th e re  e x i s t s  l i t t l e  evidence on 

th e  r e l a t i v e  ind idonoe , b o th  q u a l i ta t iv e  and q u a n t i ta t iv e ,  o f C.fooyis 

i n  th e  udder s e c re tio n s  from  norm al udders compared v/ith  th e  s e c re tio n s  

from  cases  of s u b o lin ic a l  o r c l i n i c a l  m a s ti t is *

A survey conducted by Ochi and Katoube (1958) on 53 cows in  3 

h erd s re v e a le d  t h a t  from th e  norm al udder S taphylococcus was i s o la te d  

from 83/Ü and Goyynebaoterium was i s o la te d  from 51/^ o f  th e  samples



vAiereas i n  th e  case o f  th e  m a s t i t ic  uddes:*., S taphylocooous was i s o la te d- I###* ■ jWi M!Hi

from 30% o f  th e  sam ples, and C orynehagte^m ^ was i s o l a te d  from 20^ o f 

th e  sam ples ( S treptopgogus b e in g  i s o la te d  from m a s ti t io  udders i n  75/» 

o f th e  e a s e s ) .  A ll th e  s t r a i n s  o f  O orynebaeterim a which th e y  i s o l a t e d  

from th e  norm al udder were 0.pseM odim hthericum  (a  sp e c ie s  co n s id e red  

to  in c lu d e  0 ,b o v is  w ith in  i t s  v/ider d e f in i t io n )  w hereas o f  th e  

c o ry n o b a c te ria  i s o l a te d  ifrom oases o f  m a s t i t i s  70% være id e n t i f i e d  a s  

Cl.pyogenes and as 0#psoudodiphtheripum>

I t  i s  oonsidored  th a t  th e  r e la t io n s h ip  o f  C .bovia to  bovine m a s t i t i s  

d eserv es c lo s e r  a t te n t io n  f o r  two re a so n s : f i r s t l y  th e  im portance o f

£^)gy is, i n  th e  i n i t i a l  s ta g e s  o f  m a s t i t i s  has n o t been dot examined -  

th e  s ta p h y lo co c c i and s tre p to c o c c i found so commoxily in  c l i n i c a l  

m a s t i t i s  could be secondary in f e c t io n s  - ,  and second ly  i t  i s  p o s s ib le  

t h a t  c e r t a in  o f th e  changes i n  th e  methods o f  m ilk  p ro duo tion  have 

changed th e  s u s c e p t ib i l i t y  o f th e  udder to  th e  organism s which have 

prev3.ously been reg a rd ed  as o o n ^ a ra tlv e ly  harm less -  in  p a r t i c u la r  th e  

average m ilk  y ie ld  o f  th e  d a iry  cow has in c re a se d  by  70/t s in c e  1945, 

mid machine m ilk in g  has become th e  u su a l method o f  millcing* The use  o f  

machine m ilk ing  has r e s u l te d  in  an in c re a se  in  th e  in c id en ce  of m a s t i t i s :  

a  su rvey  c a r r ie d  ou t in  1958-59 showed th a t  10*5/^ o f cows miOked by 

machine s u f fe re d  from a c u te  o r  mild: m a s t i t i s  compeared wrlth 6*0^ o:f cows 

m llkod by hand (R eport, 19%)# U n til  ve iy  r e c e n t ly  th e  p o s s i b i l i t y  o f 

C. bpyi s  b e in g  o f  im portance i n  m a s t i t i s  has been d ism issed  by most o f 

th e  w orkers i n  th e  f i e l d  o f  bovine m a s t i t i s .  There have however been 

one o r  two ex cep tio n s  to  t i l l s  g e n e ra l la c k  o f  i n t e r e s t  i n  0 .bo v is  -  f o r
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example L i t t l e ,  Brovm and P3.astrldge (1946) th o u g h t i t  q u estlo n d h lo  

w hether th e  harm lessness o f th e  m ilk  d ip h th e ro id s  o th e r  th an  ,G,*pyggenGs 

cou ld  be tak en  f o r  g ran te d , and th ey  reco g n ized  th e  need f o r  more 

c a re fu l  s tudy  o f t h e i r  e f f e c t s  i n  th e  udder* Very r e c e n t ly ,  s in c e  th e  

in c e p tio n  o f  th e  p re s e n t in v e s t ig a t io n ,  th e re  has been  an in c re a s in g  

i n t e r e s t  i n  C .bovis and i t s  r o le  in  bovine m a s t i t i s . The C en tra l 

V e te rin a ry  L aborato ry  a t  Weybridge (R eporta , 1965, 1966) i s  now 

reco g n iz in g  G ^boy^ as  a  p o s s ib le  cause o f  c l i n i c a l  m a s t i t i s ,  and 

r e p o r ts  i t s  reco v e ry  as th e  s o le  ox’gaîiism p re se n t in  th e  udder s e c re t io n  

from  a number o f  cows s u f fe r in g  from ac u te  m a s t i t i s  (W ilson, 1963,

19% a)* B ruford  and h i s  co lleag u es  (Bx*uford e t  , 1963) re p o r te d  th a t  

du ring  th e  l a s t  few y e a rs  C .bovis had been reco v ered  from q u ite  severe  

cases  o f  m a s t i t i s  as th e  s o le  is o la te *  Ih%rthermore i n  c e r t a in  herds i t  

had been shown to  produoo a marked in c ro a se  in  th e  c e l l  count o f  th e  miHc, 

and sometimes more th an  60% o f  th e  coy/s  i n  a h e rd  v/ero in v o lv ed . In  a n  

ad m itted ly  sm a ll-sc a le  in o c u la t io n  experim ent Oobba^md W alley (1968) 

o b ta in ed  symptoms o f  m a s t i t i s  by th e  intram m m ary in o c u la t io n  o f  l iv e  

and dead c u l tu re s  o f  G * b o v is  and o f  i t s  oultui^e f i l t r a t e s .

There have been oom parativo ly  few d o ta ilo d  s tu d ie s  o f  G .bgyis, s in c e  

Evans (1916, 1917) d e sc rib e d  th e  c h a r a c te r i s t i c s  o f  Baoil l u s  abo rtu s  

var* l i p o ly tigus, v/hich she l a t e r  co n s id e red  (33reed, Murray mid Sinith,

1957) to  be id e n t i c a l  vrith G.bovis* The c h a r a c te r i s t i c s  Y/hioh she ̂ «mtiwweeWWA-iiïi

d esc rib ed  v/ore confirm ed by Bondixon (1933) v/hoso "lÿpo A udder 

o o ry n eb ac te ria "  corresponded  w ith  G.bo v i s .  The organism  seemed to  be 

b io ch em ica lly  in a c t iv e  a p a r t  from a  s l i g h t  tendency to  th e  p roduo tion  o f



a o id  in  th e  cromn la y e r  o f whole m ilk.. Because o f  th e  a ,pa thogen ic ity  

and Irloohem ical i n a c t i v i t y  o f  0.b o v is  i t  has commanded l i t t l e  a t te n t io n  

subseqiiontly .. The fev? in v e s t ig a t io n s  wMeh have in c lu d ed  a  s tu d y  o f  

0 .b o v is  ( f o r  example th o se  o f  Brooks and Huckor, 19/i4s B re u illa u d  and 

M ichel, 1962; and Oohi and %a1.zen, 1940, whose C .nseudodinhtheriom u 

Type XI was co n s id ered  by  Ochi (K atsube, 1964, p e rso n a l communication) 

to  in c lu d e  0 .b o v is )  have tended  to  confirm  t h i s  bioohmiioW . in a c t i v i t y ,  

w ith  th e  wea3c lip o ly fc io  a b i l i t y  o f  th e  organism  b e in g  th e  on ly  p o s i t iv e  

c h a ra c te r i s t ic *  Even t h i s  c h a r a c te r i s t ic  has been r a th e r  in a d eq u a te ly  

dem onstrated (B lack , 1941)* âbd-ol-M alek and Gibson (1952), refex^ring 

to  Bacterium  lin o ly tio u m  Evans ( s io )  s ta te d  th a t  "* * * s in c e  t h i s  

organism  i s  b io  chem ically  in a c t iv e  in  m ilk , and s in c e  th e  c o lo n ie s  which 

i t  m ight o c c a s io n a lly  produce on m i]±-count ag a rs  a re  so sm all th a t  

th ey  would e a s i ly  escape d e te c t io n , i t s  occurrence 1m m ilk appears to  

be o f  l i t t l e  p r a c t i c a l  i n t e r e s t . "  Consequently th e se  two w orkers d id  

n o t s tu d y  th e  h e a t - s e n s i t iv e  d ip h th e ro id s  i n  d e ta i l*

I t  seemed d e s ira b le  to  examine C .bovis in  g r e a te r  d e t a i l  th an  had 

been a ttem p ted  h i th e r to .  F i r s t l y  such work may h e lp  to  th3:*ov/ some 

l i g h t  on th e  reaso n s  f o r  th e  r e s t r i c t e d  h a b i ta t  of C .bov is . In  a d d i t io n  

th e  b iochem ical r e a c tio n s  o f C,.boyij5 re q u ire d  c l a r i f i c a t i o n ,  s in c e  i n  

p rev io u s  in v e s t ig a t io n s  c i th e r  th e  re c ip e s  o f  th e  b a s a l  media used  fo r  

b iochem ical t e s t s  were n o t g iven  o r the b a s a l  media used  ( e .g .  n u t r ie n t  

ag a r, peptone w ate r e t c . )  were u n su ita b le  f o r  i t s  grovrkh a lth o u g h  th e  

enhancement o f  growth o f G .bovis ;b y  serum was dosoribed  by Evans (1916).

I s o la t e s  o f  corynoform b a c te r ia  wore obtsdned from samples o f
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fx'*esliXy-drav/n bovine miHc su bnd ttod  to  the  B ao ta iâo logy  Departm ent of 

th e  West o f  S oo tland  A g r ic u ltu ra l  Gollego f o r  ro u tin e  exam ination  f o r  

m a s t i t i s .  The sm aples were examined by c u l tu re  o f  th e  organism s 

p re s e n t i n  th e  mille on b lo o d  ag a r.a n d  on serum a g a r , and th e  r e s u l t s  

o f  b a c t e r i a l  c u l tu re  were compared vrlth th e  p resen ce  o f  o l in io a l  

m a s t i t i s ,  th e  p h y s ic a l appearance o f  th e  m ilk  and th e  t o t a l  bovine c e l l  

co u n t. In fo rm atio n  on th e se  th re e  a sp ec ts  was o b ta in ed  from th e  

s p e c i a l i s t  A dvisory O ff ic e r  concerned w ith  th e  x*outine in v e s t ig a t io n  

o f th e  m ilk  samples*

The c u l tu r a l  c h a r a c te r i s t i c s  o f  th e  i s o l a t e s  and o f  a  range o f  

ty p e  cul!.tures o f  Gorynab ac terium  wore examined, p r im a r i ly  to  o3.ucidate 

th e  n a tu re  o f th e  c u l tu r a l  roquirom ont o f  G.bov1*s f o r  serum. The 

b iochem ical r e a c t io n s  o f  th e  i s o l a t e s  and type  cu3.tures were su b seq u en tly  

examined u s in g  b a s a l  media capab3.e o f  su p p o rtin g  th e  growth o f th e  

n u t r i t i o n a l l y  ex a c tin g  co ry n e b a o te r ia  C .bov is , G.pyogenes and

In  o rd e r  to  f u r th e r  e lu c id a te  th e  n a tu re  o f th e  requ irem en t o f  

C .bovis f o r  serum, and perhaps to  help  in  th e  e lu c id a tio n  o f th e  rea so n s  

f o r  the; -p ro d ilec tio n  o f G .boyis f o r  th e  bovine udder, th e  grov/th o f 

G .bovis was s tu d ie d  in  a  range o f  chem ically  d e fin e d  media.

As a r e s u l t  o f  th e  d i f f i c u l t y  in  th e  i n t e r p r e t a t i o n  o f th e  r e s u l t s  

o b ta in ed  w ith  G .bovls on l ip o ly s i s  t e s t  media, an a ttem p t v/a.s made to  

i s o l a t e  th e  l i p o l y t i c  and Tvraen-iiydi^oiysing enzymes o f C.bpyis^ and to  

stu d y  their* s u b s t ra te  p re fe re n c e s  by th e  use o f  zone e le c t ro p h o re s is .



SOURCE OF CULTURES STUDIED 

l'bm erlm entgl methocis 

Eillc sam ples from 14 d ü T e re n t farm s were em m ined by d1.raot 

p la t in g  o f  somplos o b ta in ed  from in d iv id u a l  q u a r te rs  o f  bovine udders 

on (a) b lood  ag a r (pH 7*2) c o n ta in in g  ($̂o w/v) ; peptone (Oxoid), 1 .0 ; 

Lab-I)©mco b e e f  e x t r a c t  (O xoid), 1*0; sodium o b lo r id e , 0*5; a g a r , 1 .2 ; 

to  Yjiioh was added a f t e r  s t e r i l i s a t i o n  5% (v /v )  o f  o x a la te d  horse  

b lood  (Burroughs Wellcome and Co., London), and (b) a  t iy p to s o  serum 

ag a r (pH 7*2) c o n ta in in g  ($̂  w/v) : t ry p to s e  (O xoid), 1 .0 ;  Lab-Lemoo 

b e e f  e x t r a c t  ( O xoid), 0 .3 ;  sodium c h lo r id e , 0 .3 ;  a g a r , 1 .2 ; to  which 

was added a f t e r  s t e r i l i z a t i o n  5% (v /v )  o f s t e r i l e  bovine sorum (O xoid). 

The b lood  o r  serim  v/as added a s e p t ic a l ly  to  th e  l iq u e f i e d  medium a t  

ca* 50^0 j u s t  b e fo re  pouring  th e  p la te s*  The exam ination  was made

rou g h ly  q u a n t i ta t iv e  by th e  use o f  a g raduated  c lo se d  w ire  loop (4 nm

i n te r n a l  d iam eter) which d e liv e re d  approx im ately  0*01 ml o f  m ilk . The

m ilk  saîîTiples were streaîced  over th e  su rface  o f  th e  p la te s  which had

been p re v io u s ly  poured and dried*  The fo u r  q u a r te r  sam ples from  one

anim al were streaîced  i n  se p a ra te  s e c tio n s  o f  one p la te *  The p la te s
owere in cu b a ted  a t  37 G and examined a f t e r  2k- and 48 h o u rs ; th e y  were

a ls o  examined a f t e r  3 days a t  37^0 fo llow ed  by 3 days a t  25^0. The

c o lo n ia l  c h a r a c te r i s t i c s  o f  th e  i s o l a t e s  were observed  and m iorosoopio

exam inations were c a r r ie d  o u t on G ram -stained h o a t- f ix e d  smears*

The m ilk  sam ples were a ls o  examined f o r  t o t a l  bovine c e l l u l a r

c o n te n t u s in g  th e  B re e d 's  smear teolm iquo and Howman’s  s ta in '"

'̂ 'Neiwnan's s t a in  Metîjylene b lu e  1*0 g
E th an o l, 95/5 %  li t
0?etraoh3.orethane 40 ml
G la c ia l a c e t ic  a c id  6 ml

The e th an o l was added to  th e  to tra o h lo re th o n e  and h e a te d  i n  a  w ater b a th  
a t  70 G* The raetliylene b lu e  was th en  added and shaken u n t i l  d is s o lv e d . 
The a o o tio  a c id  was added to  th e  co o l s o lu t io n  and th e  m ix ture f i l t e r e d .
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(American P u b lic  H ealth  A sso c ia tio n  I9 6 0 ). The m ilk  sample (0*01 ml)
2was sp read  over an a re a  o f 1 cm on a  c lean  g la s s  s l i d e ,  and d r ie d  by 

p la c in g  th e  s l id e  on a  h o t p lat©  a t  S5^C. The s l id e  was p laced  i n  a  

o o p lin  j a r  c o n ta in in g  Newman's s t a in  f o r  2 m in u tes . The s l id e  was th e n  

removed from th e  s t a in  and allow ed to  dry  in  a i r .  Vdion dry th e  smear 

was washed by  p la c in g  th e  s l id e  i n  a  o o p lin  j a r  c o n ta in in g  w a te r , th e  

j a r  b e in g  g e n tly  a g i ta te d  du ring  th e  washing p ro o ed u re . A fte r  washing 

th e  smaer was once ag a in  allow ed to  dry  i n  a ir*

A fte r  de term in ing  th e  d iam eter o f  th e  m icroscope f i e l d  u s in g  th e  

o i l  immersion o b je c tiv e  and a  s l id e  m icrom otor, th e  nusber o f bovine 

c e l l s  :ln up to  30 randomly s e le c te d  f i e l d s  was determ ined . In  th e  case  

o f sm ears in  which th e  c e l l s  were un ifo rm ly  d i s t r ib u t e d ,  th e  number o f  

f i e l d s  counted depended upon th e  average number o f  c e l l s  p re s e n t p e r  

f i e l d ,  i n  a  manner s im ila r  to  t h a t  suggested  by  Y/ilson (1935)#

Average number o f  c e l l s  Humber o f f i e l d s
•per f i e l d  counted

0 - 3  30
4 - 6  15
7-  10 10

11 -  17 6
18 -  30 3

More th a n  30 1

I f  th e  c o l l s  wore n o t d i s t r ib u te d  un ifo rm ly  tiiroughout th e  smear,

30 f i e l d s  wore coun ted .

R e su lts  and i s o l a t e s  o b ta in ed  from bovine m ilk  samples 

On© thousand  th re e  hundred and t h i r t y  fo u r  (1 ,334) q u a r te r  sam ples 

wore examined from 535 cows on 14 farm s over a p e r io d  o f  two y e a rs  

(Table 1 ) .

On th e  b a s is  o f  th e  bovine c e l l  count th e  1 ,334 q u a r te r  samples
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5 FROM \VHIC H  BéMPLM WÆRBmifiiMFi

L ocation  o f  Farm patg , o f 
©î^nSnatTon

Humber o f  
q u o rte ^ sa m n le s

Number o f 
a é E s ,

High B lo n ty re , 
L an a rk sh ire .

1 /  5 /62 
1 5 /  5 /62  

3 /  7 /62

72
76
76

18
19
19

Eagle sham, 
R enfrew sh ire ,

8 /  5 /62  
1 5 /  5 /62

181
24

46
6

A uoh terarâe r,
P e r th s h ir e ,

5 /  7/62 91 23

C oatbridge,
L anarksh ire

9 /  7 /62 8 2

C astle  D ouglas, 
K irk cu d b rig h t,

2 5 /  7 /62 112 28

K iH cerran, by  Maybole, 
A y rsh ire ,

3 1 /  8 /62  
26/ 10/62

84
36

21
9

Deimy,
S t i r l in g  s h i r e ,

7 /  9 /62 16 4

B a i l l i e s to n ,  
L an a rk sh ire . .

15/ 10/62 8 2

Gampbelltoim,
A rg y lls h ire ,

17/ 10/62 44 11

C rooketfo rd ,
K irk c u d b r ig h tsh ire •

25/ 10/62 84 21

Bute 10/ 12/63 72 18

S tra th av en ,
L an a rk sh ire ,

27/  2 /64 135 3!h

Benzie,
L anarksh ire

30/ 4 /6 4 40 10

Dunoon, Gowal, 
A rg y lls h ire ,

30/  4 /6 4 175 if4*

œoïiii. 1 ,334 335



TABLB 2: C15LL COUNTS OF. AND ISOLATES FROM

BOVINE MILK SAMPLES
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were grouped as  suggested  by Being and Malcolm (1956): iv ith  a  c e l l

count o f l e s s  th an  250,000 p e r  ml, th e  mille was reg ard ed  as be ing

d e riv ed  from a  norm al, h e a l t l y  q u a r te r ;  a  c e l l  count o f  250,000 -

3)0 ,000 p e r  ml v/as co n sid ered  to  be p o s s ib ly  d e riv e d  from a  q u a r te r  in

which th e re  was m a s t i t i s ;  a  c e l l  count o f more th a n  500,000 p e r  ml was

co n sid ered  in d ic a t iv e  o f m a s t i t i s  (a  s u b o lin ic a l  m a s t i t i s  in  th e  absence

o f any m an ife s t ab n o rm ality  o f  mille o r  u d d er) . In  a d d it io n  th e  oases

o f c l i n i c a l  m a s t i t i s  were a ls o  n o ted , The i s o l a t e s  on th e  b lood  agar

and serum agar p la te s  were b ro ad ly  id e n t i f i e d  on th e  b a s i s  of c o lo n ia l

appearance and m icroscopic exam ination o f  G ram -stainod sm ears, The

r e s u l t s  a re  s e t  o u t i n  Table 2*

F re q u en tly , slow-growing co lo n ie s  o f  co ry n eb ao te ria  were d e te c te d

a f t e r  3 days a t  37^G fo llow ed  by 3 days a t  25^0 , v/hore they  had n o t

been ev id en t a f t e r  3 days a t  37^G,

From th e se  samples 1̂ *2 s t r a in s  o f o o ry n eb ao te ria  were o b ta in ed  in

pure c u l tu re  and theii* c u l tu r a l  and biochemica3. c h a r a c te r i s t i c s

examined. The i s o l a t e s  were tak en  bo th  from normal udders and q u a r te rs

showing evidence o f  o l in io a l  o r  s u b o lin ic a l  m a s t i t i s  a s  shown in  Table

3* I:* )s in  which on ly
THE ORIGIN OF Tma GORBIEBAGTBIIEUM STRAINS I'lXAMENlSDxiyjUiii p

THE ORIGIN OF C0RB1EBÂGTEIIF.UM STRAINS EmamSD

C oll OQunt/ml o f  S ta te  o f udder No,^.gf
Kiillc sample i s o l a t e s

< 250,000 Normal 66
250, 000- 500,000 Suspect 18

> 500,000 P o s it iv e  ( s u b o lin ic a l  m a s t i t i s )  33
C lin ic a l  m a s t i t i s  8

Not known Not known I 6
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co ry n e b a o te ria  were d e te c te d  o r  in  wîiioh th e  c o ry n e b a o te r ia  g r e a t ly

outnumbered any o th e r  m icro-organlBm s p re s e n t .

The exam ination  o f  mille sam ples from  anim ale o th e r  th an  cows

In  a d d i t io n  to  th e  exam ination  o f  bovine m ilk  sam ples d e ta i l e d

in  Table Î ,  32 "ha lf-sa iiq )les"  o f  c a p rin e  m ilk  (from 13 d i f f e r e n t  g o a ts ) ,

one equine ml3k: sample, and 9 human m ilk  sam ples (from 9 d i f f e r e n t

v/omon) were s im ila r ly  examined by  p la t in g  0,01 ml amounts on b lo o d  ag a r

and sorum agai% Ho co ry n e b a o te r ia  v/ore d e te c te d  i n  th e  samples o f

cap rin e  m ilk . Goryneb a c t  e r i a  were p re se n t i n  th e  equ ine m ilk  sample

and th r e e  c o lo n ie s  were s e le c te d  ( s t r a in s  1?0, 171, and 172) f o r

f u r th e r  s tu d y  and f o r  com parison w ith  th e  c o ry n e b a o te r ia  i s o la te d  from

th e  bovine m ilk . In  on ly  one human m ilk sample were co ry n eb a o te r ia

d e te c te d  and i s o l a t e d  ( s t r a i n  173)*

Type ou3.turea used  f o r  oom narative nurposes

The o u 3 .tu ra l, m orphologioal. and b io ch em ica l c h a r a c te r i s t i c s  o f

th e  i s o l a t e s  w ere compared w ith  th o se  o f  th e  fo llo w in g  typo c u l tu r e s :

Corvnobacteriuni b o v is  HCTG (N a tio n a l C o llo o tio n  o f  Typo C u ltu re s )  3824,

C .hofm aim ii HCTC 231 C .flav idum  HCTC 7&4 C .o v is  NCTG 3450

C .d in h th e r ia e  HCTO 3985 O.o.vogenes NCTC C .x e ro s is  HGTC 7243
and HCTC 9755.

G .ren a le  NCTC 7448 C .u lo eran s NCTC 7910

M iorobaoteriurg la c ticu m  NCIB (N a tio n a l C o lle c tio n  o f  I n d u s t r i a l  

B a c te r ia )  B5̂ f.O and 8541*

M aintenance o f s to c k  c u l tu re s  

Stock c u l tu re s  were k e p t on L o e f f l e r 's  serum s lo p e s  (Oxoid) i n  

sorevz-capped os (b ijo u )  b o t t l e s ,  in cu b a ted  f o r  2 days a t  37^8 a f t e r  

in o c u la t io n , and su b seq u en tly  k ep t r e f r ig e r a te d .  The s to o k  c u l tu r e s



were sub c u ltu re d  onoo every  20 weeks on to  try%)tose serum ag a r  p la te s  

and each  f re s h  s to c k  c u l tu re  p rep ared  by in o c u la t in g  L o o f f le r 's  serum 

s lo p e s  w ith  a  w ire loop which had been charged w ith  b a c te r i a  from  a 

la rg e  number o f  c o lo n ie s  in  o rd e r  to  avoid  th e  in a d v e r te n t  s e le c t io n  

o f  mutants*

D iaoussion  o f  th e  r e s u l t s  o f t h e  exam ination o f  th e  bovine m ilk  samples 

In  91 o f  th e  389 sam ples diagnosed (on th e  b a s is  o f  c e l l  coun t) as  

o r ig in a t in g  from q u a r te rs  v /ith  a  s u b o lin ic a l  m a s t i t i s  G .bovis was th e  

o n ly  organism  iso la te d *  In  on ly  8 o f th e  52 ca ses  o f  c l i n i c a l  m a s t i t i s  

found in  th e  1 ,334 sam ples was StrentooQogus is o la te d *  Sta.pliylooocoi 

were i s o l a t e d  from  29 o f th e  52 sam ples, b u t t h i s  in c lu d ed  b o th  

Stauhvlococcua au reus and Stanh* en iderm id is  which wore n o t d ii* fe ren tia ted *  

C orynebaoteria»  however, v/oro i s o la te d  from 38 o f  th e  52 sam ples and were 

th e  so le  organism s i s o la te d  from 13 o f  th e  q u a r te r s  w ith  o l in io a l  

m a s t i t i s .  In  some o f  th o se  aaraplcs th e  c o ry n eb a o te r ia  v/ere d e te c te d  in  

numbers exceeding  50»000 p e r  ml ( th e  maximum coun t i t  was p o s s ib le  to  

d is t in g u is h  by a  su rfa c e  cou n tin g  method in  which 0*01 ml was sp read  

over one q u a r te r  o f  an ag ar p l a t e ) .  These r e s u l t s  wou3.d su g g est th a t

C .bovis i s  capab le  o f cau sin g  c l i n i c a l  m a s t i t i s ,  a s  w e ll as causing  

s u b o l in ic a l  m a s t i t i s .  For many y e w s  th e  m a jo r ity  o p in io n  was t h a t  C .bov iE 

was a harm less p a r a s i te  in  th e  normal udder b u t th e  a p p a re n tly  in c re a s in g  

frequency  v /ith  wMch i t  i s  b e in g  i s o la te d  as th e  so le  organism  from 

udders in  which c l i n i c a l  m a s t i t i s  i s  m an ifest has occasioned  i t s  in c lu s io n  

amongst th e  m a s ti t is - c a u s in g  organism s (Gobb and W alley, 1962; Vzilson, 

19% a; R eport, 1965}* The r e s u l t s  o b ta in ed  i n  th e  p re s e n t work suggest 

t h a t  i n  th e  absence o f  a more profound knowledge o f  th e  c a u s a l i ty  i n



'Mi*

which m a s t i t i s  and th e  p r o l i f e r a t io n  o f  th e  udder f l o r a  a re  i n t e r - r e l a t e d  

f a c to r s  C .bovis shou ld  bo reg a rd ed  as  a  p o te n t ia l  m a s t i t i s  organism , i n  

a d d i t io n  to  th e  p o s s i b i l i t y  o f  i t s  b e in g  th e  p rim ary  in f e c t iv e  organism  

i n  in c ip ie n t  m a s ti t is *  In  t h i s  case  i t s  o ccu rrence  i n  847 o f th e  1 ,334 

q u a r te r-sa m p le s , to g e th e r  w ith  th e  p resence  o f  s ta p h y lo c o c c i an d /o r 

s t r e p to c o c c i  i n  259 q u a r te r s  i n  which c o ry n e b a o te r ia  were n o t d e te c te d  

means th a t  a t  l e a s t  1 ,106 o f th e  1,334 samples (82*9/t) co n ta in ed  

p o te n t i a l ly  p a th o g en ic  organisms*
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In tro d u c tio n

Tho in ic ro so o p ica l appearanoo o f  CorTOebactorium b o v is  i s  ty p ic a l  

o f  th e  genus Corynebaoterium  d esc rib ed  by  Breed, Lktrray and Biaith 

(1957) a s  c o n s is t in g  o f  s t r a i g h t  to  s l i g h t ly  curved noir#spoiling ro d s , 

w ith  i r r e g u la r ly  s ta in e d  segm ents, and sometimes o o n t^ n in g  g ranu les*  

C lub-shaped sv/ollon ends occur f re q u e n tly ,  and snapping  d iv is io n  

p roduces an g u la r  and p a l is a d e  arrangem ents o f  th e  c e l ls *  The organism s 

a re  G ram -positive b u t  may o c c a s io n a lly  s t a in  Gram**n©gative v /ith  Gra%%~ 

p o s i t iv e  g ranu les*  The s iz e  i s  g e n e ra lly  0*5 to  0*7 b y  2*5 to  3*0^  *

The c u l tu r a l  c h a r a c te r i s t i c s  o f  C.bovis* th e  b e s t  o f  th e  e a r ly  

d e s c r ip t io n s  o f v/hich were by  Evans ( I 9I 6 ) and Bendixen (1933), in c lu d e  

an enhancement o f  growth by  th e  a d d it io n  o f  serum to  th e  medium* The 

co lo n ie s  a re  non-pigm ented and g re y ish  on serum a g a r  b u t  b o th  ISvans and 

Bendixen n o te d  th a t  i n  o ld  c u l tu re s  th a t  had been in o u b a ted  f o r  a  v/ee2c 

o r so th e re  was a  d ark  brown d is c o lo ra t io n  o f  th e  serum agar* I f  

groiTth o ccu rred  i n  n u t r i e n t  a g a r , n u t r ie n t  b ro th  o r  n u t r i e n t  g e la t in  

t o  which serum had n o t been added, i t  was ezctromely sp a rse  and t h a t  

o n ly  w ith  m assive inocu la*  Botîi w orkers a ls o  noted" th e  v ery  

c h a r a c t e r i s t i c  groivth o b ta in ed  i n  ag a r shake c u l tu r e s  i j i  v/hioh grov/th 

o ccu rred  i n  a  zone abou t 1 mm th ic k  between 3 and 6 mm below th e  

su rface*

At an e a r ly  s ta g e  i n  th e  p re se n t work th e  c u l tu r a l  c h a r a c t e r i s t i c s  

o f  th e  i s o l a t e s  were s tu d ie d  i n  d e t a i l  s in c e  i t  was f e l t  t h a t  th e
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re p o r te d  hloohem loal i n a c t i v i t y  could  be due to  th e  b a s a l  media used 

by p rev io u s  w orkers o f fe r in g  l e s s  than  optim m  c o n d itio n s  f o r  growth 

o f  the  organism s#



1 /

The growth o f th e  s to c k  c u l tu re s  was s tu d ie d  on th e  media d e ta i le d  

below , by  In o c u la tin g  iVom 48-hour try p to s e  seruïa ag a r c u l tu r e s .  S o lid  

media were in o c u la te d  by s tre a k in g  on to  poured d r ie d  p la te s  excep t 

where o th e rw ise  s ta ted *

M ï ig H L k E a B

Peptone 10 ,0  g Lab^Iiornoo b e e f  e x t r a c t  (Oxoifl.) 10.0  g

Sodium ciî3.orido 10*0 g D is t i l l e d  w ater 1 l i t r e

The r e a c t io n  o f  th e  medium was a d ju s te d  to  pH 7*2# The medium was 

th en  d is t r ib u te d  in  2*5 ml amounts i n  4  & in c h  t e s t  tu b e s  and

s t e r i l i z e d  by  au to c la v in g  a t  121^0 f o r  15 m inutes*

Peptone w a te r

In  1 l i t r e  o f  d i s t i l l e d  w ate r were d is so lv e d  try p to n o  (O xoid),

10*0 g | sodium cii3.orido, 5*0 g ; th e  pH was a d ju s te d  to  7*2* The medium 

Y/as d isp en sed  i n  2*5 ml amounts i n  4  x i '  in c h  t e s t  tu b es  and s t e r i l i s e d  

by au to o lav in g  a t  121^0 f o r  15 minutes*

Fanmede b rp th

T his c o n s is te d  o f Panmede l i v e r  d ig e s t  (P a in es <5b Byrne L td*, 

G reenford , M d d le se x ), 0*8/^ (v;/v) i n  d i s t i l l e d  w a te r , a d ju s te d  to  pH 

7*5* S t e r i l i z a t i o n  was by f i l t r a t i o n ,  and th e  s t e r i l e  b ro th  d isp en sed  

a s o p t io a l ly  i n  2*5 ml amounts in  screw -capped îî oz (b ijo u )  b o tt le s *

The caps were screwed on t i g h t l y  and th e  b o t t l e s  immersed in  a  w ate r 

b a th  a t  63^0 f o r  30 minutes*

Pgnmede album in b ro th

T his v/as p rep ared  by th e  a se jitio  a d d i t io n  o f  0*26 ml o f  a



f i l te r^ ^ s ta r i l i î s e d  3# (w/v) album in (bovine aerum album in f r a c t io n  ? , 

4 m o u r P iiarm aceutical Co* litd * , B astboum e) s o lu t io n  to  each 2#5 ml 

amount o f  Panmode b ro th s  to  g ive  a  f i n a l  conoenkra tlon  o f  albumist o f 

0*3# (w /v ).

t e i B â a j â m s i & t e S

To each  2*5 ml amount o f  Panmedo b ro th  waa added 0*28 ml o f a  

s t e r i l e  10# (w/v) g lucose  so lu tio n #  to  g ive a  f i n a l  co n c e n tra tio n  o f 

g lucose o f  1# (w/v)*

Fanmede y e a s t  e x t r a c t  b ro th

T his was p rep ared  by th e  a s e p tic  a d d itio n  o f  0*28 ml o f a f i l t e r *  

s t e r i l i s e d  5# (w/v) y e a s t  esctraot (O^coid) s o lu t io n  to  e a #  2*5 iml 

amount o f  Pemmede bro th#  to  g ive  a f i n d  c o n c e n tra tio n  of y e a s t  e x t r a c t  

o f  0*5# (w/v)*

?ryi3to.$0., s.erm..

T ryptose (Oxoid) 10*0 g Lab»-Lamoo b e e f  e x t r a c t  (Oxoid) 3*0 g

Sodium o b lo rid e  5*0 g D is t i l l e d  w ate r 1 l i t r e

The pH was a d ju s te d  to  7*2* The medium was d isp en sed  in  2 ml amounts 

i n  4  in ch  t e s t  tubes# and s t e r i l i s e d  a t  121^0 fox* 15 minutes*

A fte r  s t e r i l i s a t i o n  and when cool# s t e r i l e  bovine serum (Oxoid) was 

added a s e p t lo a l ly  to  a f i n a l  c o n c en tra tio n  o f 5# (v /v )*

N u tr ie n t ag a r  c o n s is te d  o f n u t r ie n t  b%oth to  which was added 15*0 g 

o f  ag a r p e r  l i t r e  o f  brot#K* ■

The medium used  was T ryptoso Blood Agar Base (Oxoid)# s t e r i l i s e d



by autooXavixig a t  121^0 f o r  15 ïimiutos*

Blood

Oxa3.ated horao b lood  (Burroughs Wellcome and Co*# Bondon) was 

added a s e p t ic a l ly  to  T ryptose Blood iigar Base ( Oxoid)# p re v io u s ly  

m elted  and cooled  to  45^0# to  a  fincQ, o o n co n tra tio n  o f  5# (v/v)*

Blood a ^ a r  4- sodium p o ly a n e th o l su lnhonate

von H aebler and M ilos (1936) suggested  th e  a d d i t io n  o f  0*05# o f 

sodium p o ly an e th o l su lphonate  ( " l iq u o id " )  to  blooci>*containing media 

used  f o r  th e  gi'owWi o f f a s t id io u s  pathogens to  c o u n te ra c t th e  

b a c te r i c id a l  a c t i v i t y  o f  th e  blood* A sto ck  2# s o lu t io n  o f  sodium 

p o ly a n e th o l su lp h o n a te  (Kooh^Bight la b o ra to r ie s #  Oolnbrook# Bucks* ) 

was p rep a red  i n  d i s t i l l e d  w ate r and s t e r i l i s e d  by f i l t r a t i o n .  To 

100 ml o f  m olten T ryptose Blood Âgar Base (O:coid) coo led  to  45^G, 5 ml 

o f  s t e r i l e  o x a la te d  equine b lood  (Burroughs WellcoBio and Oo.) and 2 ml 

o f  th e  s t e r i l e  sodium p o ly an e th o l s o lu t io n  were added a s e p t io a l ly ,  

th o ro u g h ly  mixed end p la t e s  poured*

Bovine serum a ^ a r . c a l f  soi^m a^ a r and hprsiq ^sospM

These were p rep a red  in  a manner s im ila r  to  b lo o d  agar# by 

s u b s t i tu t in g  s t e r i l e  bovine serum ( Oxoid)# s t e r i l e  o a l f  serum (Oxoid), 

o r  s t e r i l e  h o rse  serum ( Oxoid) f o r  th e  o x a la te d  h o rse  blood# 

af<ar

The skim ma.'Uc was p rep ared  by  r e c o n s t i tu t in g  skim^ndllc powder 

(Oxoid) which was s t e r i l i s e d  by steam ing f o r  30 mi.nutos on 3 su c cess iv e  

days* T his was th e n  added to  T ryptose Blood Agar Base ( Oxoid) which

had been m elted  and cooled  to  50^0# to  g ive  a  f i n a l  c o n c e n tra tio n  o f



20

r e c o n a t i tu te d  skim miHc o f  5# ( v /v ) .

Q-lucoae a m r  and gXuopae serum

Q-Xucoso ag a r was p rep a red  by d is s o lv in g  1*0 g o f  g lu co se  i n  100 ml 

o f  m olten  T ryp tose  Blood Agar Base (O xoid), and a t e r i l i s i n g  th e  medium 

by au to o lav in g  a t  115^0 f o r  15 m inutes* Oluoose aorum ag a r was 

p rep a red  by  adding a s e p t io a l ly  s t e r i l e  bovine serum (Oxoid) to  m olten 

g lu co se  ag a r a t  45^0, to  a  f i n a l  c o n c e n tra tio n  o f  5# (v /v)*  In  

a d d i t io n  to  poui’od p l a t e s ,  th e  g lucose  serum ag a r  was a ls o  used  to  

p rep a re  shaîce c u l tu r e s ,  th e  medium b e in g  d isp en sed  i n  10 imL mnoimts in  

6 X I  to o h  t e a t  tubes*  The inoculum  was added to  a  tu b e  o f  m olten 

s t e r i l e  medium a t  45^6, mixed th o ro u g h ly  (avo id ing  th e  in c lu s io n  o f 

a i r  b u b b les) and th e  medium allow ed to  s o l id i f y  vrlth th e  tube i n  th e  

u p r ig h t p o s itio n *

Gharooal ag£ù^

To 100 ml o f  T ryp tose Blood %£a* Base (O xoid), 0*4 g o f  p u r i f i e d  

a o tiv a to d  o h aro o a l (Oxoid) was added v d th  thorough  mixing* The medium 

was s t e r i l i s e d  by  au to o lav in g  a t  121^0 f o r  15 m inutes#

]tot;i;ea>fat ..agar

The b u t t e r - f a t  was p rep a red  from u n a a lte d  b u t t e r  by  m e ltin g  th e  

b u t t e r  a t  50^0, th e  b u t t e r - f a t  th e n  be in g  removed from  th e  ourds and 

d 1 .s tr ib u ted  in to  sorevz-capped 1 os b o t t l e s  i n  10 ml am ounts.

S t e r i l i s a t i o n  was e f f e c te d  by  au to o lav in g  a t  121^0 f o r  15 m in u tes .

The medbm was p rep a red  by adding a s e p t io a l ly  5 ml o f  m olten s t e r i l e  

b u t t e r - f a t  to  100 ml o f  m olten  T ryptose Blood Agar Base (O xoid), and 

em u lsify in g  by  v igo rous hand-shak ing  im m ediately  b e fo re  p o u rin g  the 

p la te s#
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This was p rep a red  by addling 1 g o f  sodium c h lo rid e  p e r  100 m3, 

o f  T ryptose Blood Agar Base ( Oxoid) b e fo re  s te x ^ ilis a tio n  by autoolaviing 

a t  121^0 f o r  15 m in u tes . A fte r  s t e r i l i s a t i o n  th e  medium was cooled  to  

45^50^0 and 10 ml o f  C oncentrated  % g -y o lk  Emulsion (Oxoid) were added 

asop tioaX ly  to ,  and mixed v /ith , each 100 ml o f  medium im ie d ia te ly  

b e fo re  pouring  th e  p l a t e s .  The medium was a ls o  p rep ared  \? ith o u t 

soditm  ch loride#

Beady-prepared I io e ff le r^ s  serum slo p es  (Oxoid) in  screw -capped 

z  OS (b ijo u )  b o t t l e s  wore used .

In  a d d it io n  to  th e  above c u l tu re s  which were in cu b a ted  ae ro b io ad ly , 

ou3.tures in o e u la te d  on try p to s e  lemoo a g a r, bovine serum ag a r, g lucose 

a g a r, ch a rc o a l a g a r, egg-yolk  ag a r, and b u t t e r - f a t  agar were a lso  

in cu b a ted  in  a i r  w ith  an in c re a se d  carbon d iox ide  content#  The 

in o c u la te d  p la te s  were p la ced  i n  "half-sise** b i s c u i t  t i n s  (dim ensions 

approxim ately  9 x  x  5 in c h e s )  which had been mad© a i r t i g h t  by  

s e a l in g  th e  seams w ith  a soa3.ing compound. The carbon d io x id e  was 

g en e ra ted  by adding 1*2 g o f m arble ch ips to  15 ml o f  2N h y d ro ch lo ric  

a c id  con ta in ed  i n  a g la s s  b o t t l e ,  to  g ive a  carbon d io x id e  c o n c e n tra tio n  

o f between 4*^ and 5*9'/. The l i d  o f th e  t i n  was th e n  im m ediately  

re p la c e d  and se a le d  on.

Heat r e s is ta n c e  t e s t s  o f  a  q u a l i ta t iv e  n a tu re  were cs-rried  ou t by
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th e  method o f  Ahd-el-M alek and Gibson (1948)* A heavy inoculum  from 

a  3 day serum ag ar c u l tu re  was p laced  in  a  6 x  f  in c h  t e s t  tube  

c o n ta in in g  5 ml o f  s t e r i l e  r e c o n s t i tu te d  skim m ilk  (Oxoid) t h a t  had 

p re v io u s ly  been  s t e r i l i s e d  by au to o lav in g  a t  121^0 f o r  3 m inutes 

fo llow ed  by steam ing f o r  30 m inutes on each o f  two co n secu tiv e  days*

Care wa.s tak en  in  th e  in o c u la t io n  o f  th e  skim mille to  avoid  con tam inating  

th e  s id e  o f  th e  tub© w ith  th e  c u l tu re  o r  w o ttin g  i t  w ith  th e  milk* The 

inoculum and th e  skim m ilk  were w e ll mixed and a lo o p fu l removed and 

s tre a k e d  on th e  su rfa c e  o f  a  p la te  of ogg-yolic agar*

The in o c u la te d  tu b es  and a  c o n tro l tube o f  skim raille in to  which 

a  therm om eter had been in s e r te d  tlirough th e  cottonw ool p lug  were p la ce d  

i n  a th e rm o s ta t ic a l ly  c o n tro l le d  w ater b a th  f i t t e d  w ith  a  m echanical 

shaker (m anufactured by A* Gallenkomp & Go* L td*, London B .C .2)*

In  o r dor th a t  th e  sam pling could  be c a r r ie d  ou t a t  r e g u la r  5 

m inute in t e r v a l s ,  th e  immersion o f  th e  tu b es  i n  th e  w ate r b a th  was 

s tag g e red  idLth 30 seconds be in g  allow ed between in s e r t io n  o f  co n secu tiv e  

tu b e s , th e  tu b e  co n ta in in g  th e  thermom eter b e in g  th e  f i r s t  tu b e  to  be 

p la c e d  i n  th e  bath* The tu b es  were shaken a t  th e  s lo w est speed (o a* 2 

o s c i l l a t io n s  p e r  second)#

T iiir ty  seconds from th e  moment when th e  skim m ilk  i n  th e  c o n tro l  

tub© a t ta in e d  72^8, a  lo o p fu l o f  th e  f i r s t  in o c u la te d  skim mille to  be  

p la ced  i n  th e  w ate r b a th  was removed from th e  tube and s tre a k e d  a c ro s s  

egg-yolli: agar* The o th e r  tu b es  were s im ila r ly  sampled a t  3 0 -second 

in te rv a ls *  These soeq)le0> ’̂© presented a  aero  tim e h e a t  r e s is ta n c e  t e s t



a t  72^0. T his procédure was th en  rep ea ted , sam ples being  withdrawn 

from each tube  every f iv e  m inutes up to  a  maximum o f 35 m inu tes,

% ^ y o lk  agar was chosen as th e  recovery  medium sin ce  i t  i s  îoiown 

t h a t  r ic h  media g ive  th e  h ig h e s t i*ooovery r a t e s  in  h e a t r e s is ta n c e  

t e s t a  (N elson, 1943)» and egg-yollc agar allow ed a t  l e a s t  as  good growth 

o f th e  organism s as was o b ta in ed  on serum agar w ith o u t th e  h a tc h  

v a r i a b i l i t y  th a t  sometimes ocourred  w ith  th e  l a t t e r  medium,

The s tre a k e d  p la te s  o f  egg-yolk  agar were in cu b a ted  f o r  5 days 

a t  37^0, w ith  th e  excep tio n  o f  th e  p la te s  c a rry in g  M lcrobaoteriim

BŜ î.O and which were in cu b a ted  a t  30^0* A fte r  

In o u b a tio n  th e  amount o f groivth was assessed  v is u a l ly .



R esu lts

One hundred and tw enty-seven  of the  142 i s o l a t e s  corresponded 

m oj.'phologically and c u l tu r a l ly  to  G .bovis b o th  by com parison w ith  th e  

d e s c r ip t io n  i n  Bergey^s Manual (Breed e t  £ l# ,  1957) snd w ith  th e  type 

c u l tu re  C,bo v is  NCTC 5222;.. TMs id e n t i f i c a t io n  was oord‘irm ed by th e  

b iochem ical c h a r a c te r i s t i c s  o f  th e  i s o l a t e s  when th e se  were compared 

w ith  th o se  o f G*bovis NGTG 52%  (See S ection  D)* A lthough Jayne- 

W illiam s and Slcerman (1966) over a  2 ye ax* p e r io d  i s o l a t e d  from  bovine 

udder q u a r te rs  a  number o f  orgfinisms correspond ing  to  C ,u loerans none 

o f th e  o o ry n e b ae te r ia  i s o l a t e d  i n  th e  p re s e n t work appeared  to  be 

id e n t i c a l  w ith  G .u lce ran s  e i th e r  c u l tu r a l ly  o r  b iochem ically#  Jayne- 

WilXiams and Skorman suggested  th a t  G .u loerans co u ld  be m is tak en ly  

i d e n t i f i e d  as a coccus on p rim ary  i s o l a t i o n  p la te s  which u s u a lly  

re q u ire d  5 day in c u b a tio n  a t  37^0 f o r  c o lo n ie s  o f  o o ry n e b a e te r ia  to  

become v i s ib le .  This seems to  be an u n lilce ly  e x p la n a tio n  f o r  th e  

f a i l u r e  in  th e  p re s e n t work to  i s o l a t e  s t r a in s  o f  C .u loerana  s in c e  f i r s t l y  

many c o lo n ie s  on th e  prim ary  i s o l a t i o n  p la te s  c o n s is t in g  o f orga%4^ms 

sho%?ing s ta p h y lo co cca l o r  s tre p to c o c c a l  morphology wore sub c u ltu re d , and 

none su b seq u en tly  e x liib ite d  a  coxy nob a c t e r i a l  morphology, and secondly  

m icroscop ic  exam ination  o f  c u l tu re s  o f  G .uloorans NCTC 7910 th a t  had been 

in cu b a te d  f o r  l\. days a t  37^0 re v e a le d  o o o c o b a c il l i  and s h o r t  ro d s  th a t  

were co n s id e red  to  be ty p ic a l  o f Corynebacterium  and n o t capab le  o f  be ing  

mistalcen f o r  c o c c i.

Of th e  rem ain ing  15 i s o l a t e s ,  e ig h t ( s t r a in s  7» 17» 39» 46, 47» 48»

4.9 and 50) were te n ta t iv e ly  id e n t i f i e d  a s  N ooardia on th e  b a s is  o f
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m orpholog ical and c u l tu r a l  o h a r a o te r l s t io s ,  a lth o u g h  no f u r th e r  

i d e n t i f i c a t io n  v;as a ttem p ted . Seven o f th e se  8 n o ca rd iae  had been 

i s o l a te d  from  m ilk  samples o b ta in ed  from th e  same farm , and th e s e  proved 

to  be id e n t i c a l  i n  a l l  t h e i r  c u l tu r a l  c h a r a c te r i s t i c s  and b iochem ical 

r e a c t io n s .  F ive s t r a i n s  (12, 13» 14» 15 and 33) o f th e  15 i s o l a t e s  

reserabled î>ücrobac te riu m . and th e se  5 s t r a in s  a ls o  o r ig in a te d  from  m ilk  

sam ples o b ta in ed  from a s in g le  farm# The rem ain ing  2 s t r a i n s  (103 and 

154 ) o f th e se  15 i s o l a t e s  were p o s s ib ly  Cox^ynebaoterium b u t th ey  d id  

n o t co rrespond  w ith  any o f th e  type c u l tu re s  examined.

The 127 s t r a i n s  o f  G .bovis proved to  be in c ap ab le  o f  growth on 

n u t r i e n t  b ro th  o r  peptone w a te r . They f a i l e d  to  grow i n  Panmodo b ro th  

e i th e r  w ith o u t supp lem en ta tion  o r  w ith  th e  a d d i t io n  o f  album in, y o aa t 

e x t r a c t  o r g lu c o se . S im ila r ly  n o  growth was o b ta in e d  on n u t r ie n t  ag a r, 

t ry p to s e  lemoo a g a r , g lucose ag a r, ch a rco a l ag a r  o r skim-milîc a g a r . Only 

m oderate grov/th was o b ta in ed  on b lood ag a r o r  b lo o d  ag ar c o n ta in in g  

sodium p o ly a n e th o l su lphonate  b u t moderate to  pxx)fuse growth o ccu rred  

on serum a g a r .

The v a r ia t io n  i n  th e  amount o f growth produced on media made from  

d i f f e r e n t  b a tc h e s  o f serum o f th e  same type was c o n s id e ra b le , and as  

g re a t  a s  th e  v a r ia t io n  in  growth observed on media c o n ta in in g  h o rse , 

c a l f  o r  bovine serum . Extrem ely good growth was o b ta in ed  on egg-yo lk  

ag a r and b u t t o r - f a t  ag a r iv ithou t th e  v a r i a b i l i t y  n o tic e d  in  th e  case  o f 

serum a g a r . In cu b a tio n  in  a  carbon d io x id e -e n ric h e d  atm osphere had no 

ap p aren t e f f e c t .  The growth o b ta in ed  i n  g lucose  se^Tum ag a r shale© 

c u l tu re s  was e x a c tly  a s  d e sc r ib e d  by Evans (1916) and Bendixen (1935)»



w ith  th e  growth o ccu rrin g  in  th e  top  5 mm o f  th e  medium, p a r t i c u la r ly  

in  a  gone 1-2 mm th ic k  which occu rred  j u s t  b en ea th  th e  su rfa c e  o f  th e  

mediiun. The i s o l a t e s  o f "nooard iae" and M iorobacterium  were a ls o  

o b l ig a te ly  ae ro b ic  w ith  th e  growth r e s t r i c t e d  to  th e  top  5 mm o f  th e  

medium, b u t su b su rface  zone fo rm ation  d id  n o t occur# Tîiese i s o l a t e s  

a3.so d j.ffe re d  from th e  G .bovis i s o l a t e s  in  t h e i r  grow th on th e  o th e r  

med3.a. The n o c a rd ia l  i s o l a t e s  grew very  w e ll in  n u t r i e n t  b ro th , 

peptone w a te r, th e  Ponmede b ro th s  (w ith  b e s t  growth in  Panmede g lucose 

b ro th )  and try p to s e  serum b ro th  w ith  th e  fo rm a tio n  o f  a  p e l l i c l e  and 

g rfw u le r sed im ent. They gave good growth on n u t r ie n t  a g a r, t ry p to s e  

lemoo agai’, c h a rc o a l ag a r, g luooso ag ar, and egg-yolîc a g a r , b u t th e y  

grew on ly  m oderately  w e ll on b u t t e r - f a t  a g a r; in c u b a tio n  i n  a  carbon 

d i-ox ide-en riched  atm osphere had no app aren t e f f e c t .  In  c o n t r a s t  th e  

i s o l a t e s  o f  M iorobaoterium  grew i n  n u t r ie n t  b ro th , peptone w a te r , th e  

Ponmede b ro th s  and try p to s e  serum b ro th  w ith  th e  development o f  a  non 

g ra n u la r  sedim ent and w ith  no p e l l i c l e  fo rm a tio n . They gave moderato 

growth on n u t r ie n t  agar and try p to s e  lemoo a g a r , th e  a d d i t io n  o f 

g lucose  in c re a s in g  th e  amount o f growth# Good growth was o b ta in ed  on 

serum ag a r, b u t t e r - f a t  ag a r  and egg-yollc ag a r, and th e re  was l i t t l e  

growth on c h a rc o a l a g a r . In cu b a tio n  i n  a  carbon d io x id e -e n ric h e d  

atm osphere gave somev/hat b e t t e r  grovrbh th an  th a t  o b ta in e d  in  a i r .

A ll i s o l a t e s  gave good growth on L o e f f l e r ’s  serum s lo p e s . The 

optimum tem p era tu re  o f a l l  i s o l a t e s  appeared  to  be 37^C.

The c o lo n ia l  appearances o f  a l l  th e  i s o l a t e s  o f  G .bovis were very  

s im ila r*  On serum agar th e  c o lo n ic s  were g re y ish -w h ite , m a tt, and o f 

a  crumbly co n s is to n o y . The dark  brovm d is c o lo r a t io n  o f  serum agar
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observed by Evans (1916) and Bendixon (1933) to  ooour in  o ld  cu ltu res  

was o cc a s io n a lly  n o ticed  but proved to  be an in con stan t c h a r a c te r is t ic .  

The growth on cgg-yoUc agar and L ocffler^ s serum slo p es  was more cream- 

coloured# A more p o s it iv e  j>igmentation occurred on b u tte r - fa t  agar, 

the growth being w hite , cream or yellow  depending on the s tr a in . This 

pigm entation was found during the in v e s t ig a t io n  o f  the biochem ical 

c h a r a c te r is t ic s  o f  the organisms to  be co rre la ted  w ith  the a b i l i t y  o f  

the organisms to  hydrolyse the b u t te r - fa t .

Qrovrbh o f  th e  th re e  i s o l a t e s  from equine ïbIH c and th e  s in g le  i s o l a t e  

from  human m ilk  was v ery  sp a rse  on a l l  th e  media d e sc r ib e d  irro spectiV ©  

o f  ©nricliment by  carbon d io x id e  o r  o f th e  in c u b a tio n  te m p era tu re . The 

u se  o f  s ta b  c u l tu re s  and shake c u l tu re s  re v e a le d  no m ic ro a e ro p h ilio  

tendency . S ubcu ltu re  o f  two o f th e  equine d ip h th e ro id s  and th e  huaimn 

d ip h th e ro id  v e ry  soon f a i l e d .

The optimum tem p era tu re  f o r  growth o f  th e  ty p e  c u l tu re s  o f  

C orvne^acterium  was bettfcen  30 and 37^0 in c lu s iv e .  The ty p e  o u ltu ro s  

o f  M iorobaoterium  lactioup^ grow p o o rly  a t  37^0, a lth o u g h  t h i s  was 

dependent upon th e  medium u sed , and th e  optimum tem p era tu re  f o r  grow th 

was 30^0 .

The type cu ltu res o f  G.flavidum. C .o v is . 0 .d iu h th er ia e . C .x ero s is . 

O .renale. G .uloerans and Miorobacteriuia laoticum  jœrev; w e ll  on awwwMaWMMMMMMMwMtMMwwnH#

n u t r i e n t  ag a r  (Oxoid T ryptose Blood Agar Base) w ith o u t th e  a d d i t io n  o f  

b lo o d , scrum, egg-yo lk  o r  Tween. The ty p e  c u l tu re s  o f  G.hofmemnii. 

G .bpbis and C.nyof^e^es grew p o o rly  o r n o t a t  a l l  on n u t r i e n t  media such 

as  T ryp tose  Blood Agar B ase, and th e  a d d i t io n  o f serum was n ec e ssa ry  

f o r  good grow th to  be o b ta in e d . Oprvn^baotgrXum hofm annii and G .bovis



were a lso  ab le  to  grow on v ario u s Tween ag a rs  and egg-yollc ag a r (see  

Appendix to  S ec tio n  D), b u t G .pyogenes grew on ly  s p a rs e ly  on th e  Tween 

ag ars  and egg-yolk  agar* The growth c h a r a c te r i s t i c s  o f  th e  type 

o u ltm 'o s  were s im ila r  when th e  p la te s  were in c u b a ted  in  an atm osphere 

co n ta in in g  about 5% o f  oarbon dloïcide, w ith  th e  ex cep tio n  o f 

l/i3.c2*obaoteriiva lao ticu m  NGIB 8%0 and 8541, which wore unab le  to  grow 

on T ryptose Blood Agar Base under th e se  c o n d itio n s  excep t when serum 

o r egg-yolk  v;as added* Both s t r a in s  o f  M#laotipi.im a ls o  tended  to  be 

in h ib i te d  on c h a rc o a l ag a r, Y/horeas th e  o th e r  type  c u l tu re s  were 

u n a ffe c te d  by th e  a d d i t io n  of ch a rco a l to  th e  b a s a l  medium*

liicrobao te rium  lao ticu m  WCIB 8% 0 was ab le  to  su rv iv e  f o r  35

m inutes o r  more a t  72^0 as a s se ssed  by th e  q u a l i ta t iv e  method o f  Abd- 

el-M alek and Gibson (1948), The o th e r  typo c u l tu re  s t r a i n  o f  

M*laoticum* NGIB 8541, su rv iv ed  f o r  10 m inutes a t  72^0 w ith  very  few 

c o lo n ie s  growing from th e  sam ples talcan a f t e r  15, 20, 25 and 30 

m inu tes, no v ia b le  organism s being  d e tec ted  a f t e r  35 m inutes exposure* 

The m io ro b a c te r ia l  i s o l a t e s  ( s t r a in s  12, 13, 14, 15 and 33) su rv iv ed  

15 m inutes a t  72^0, b u t no v ia b le  organism s were d e te c te d  a f t e r  

exposure f o r  p e r io d s  lo n g e r  th an  15 minutes* No o th e r  i s o l a t e s  o r  type  

c u l tu re s  su rv iv ed  exposure a t  a tem peratu re  o f  72^ 0, w ith  th e  excep tio n  

of a  few s t r a in s  o f  th e  G .bovis i s o l a te s  ( f o r  example, s t r a i n  159) 

which produced one o r tv;o c o lo n ie s  on ly  a f t e r  5 m inutes a t  72^C.
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D iscussion  and conolusiona 

In  th e  primoî’y  i s o l a t i o n  o f th e  12? s t r a in s  o f  G.bovis* m ilk  

sam ples vrere p la te d  b o th  on b lo o d  ag a r and on serum agar* Numbers and 

ty p es  o f  i s o l a t e s  o b ta in e d  on th e se  two media were very  s im ila r ,  and 

th e  colony s i s e  o f  th e  o o ry n e b a e te r ia  on p rim ary  i s o l a t i o n  was n o t 

s ig n i f i c a n t ly  d i f f e r e n t  on th e  two m edia. N ev e rth e less  when p u re  

c u l tu re s  o f  th e  i s o l a t e s  were s tred c e d  on to  b lood  ag a r and serum a g a r , 

th e  growth on serum a g a r was s u b s ta n t ia l ly  b e t t e r  th a n  th a t  o b ta in ed  

on b lood  a g a r . The most l i k e l y  ex p lan a tio n  f o r  th e s e  r e s u l t s  i s  t h a t  

b lo o d  agaz* i s  aomevdiat in h ib i to r y  tow ard G .bovis b u t  th e  organism  i s  

p ro te c te d  d u rin g  th e  prim ary  i s o l a t i o n  by b e in g  p re s e n t on th e  su rfa c e  

o f  th e  medium in  a  s tr e a k  o f  m ilk , th e  p ro te c t io n  perhaps b e in g  a ffo rd e d  

by m ilk - f a t  g lo b u le s . The b a c te r ic id a l  a c t io n  o f  b lo o d  has been long 

reco g n ised , von H aebler and M iles (1938) f in d in g  t h a t  th e  a d d it io n  o f  

th e  a n tic o a g u la n t sodium p o ly an e th o l su lphonate  to  b lo o d -c o n ta in in g  

media enhanced th e  growth o f  D iplococous nneumoniae and B ru c e lla  

m e l i te n s is * The a d d i t io n  of th e  sodium p o ly a n e th o l su lphona te  to  b lo o d  

ag a r d id  no t enhance th e  growth o f any o f th e  o o ry n e b a e te r ia  examined, 

in  th e  p re s e n t work*

The growth o f th e  G .bovis i s o l a t e s  on serum a g a r , to g e th e r  w ith  

th e  com plete absence o f grovrth on n u t r ie n t  ag a r o r  t r y p to s e  lemoo a g a r  

excep t when very  heavy in o c u la  were used, su g g ested  th a t  G .bovis has a  

n u t r i t i o n a l  req u irem en t t h a t  i s  s a t i s f i e d  by th e  a d d i t io n  o f  serum to  

th e  medium* Tfhatever t h i s  n u t r i t i o n a l  req u irem en t m ight be i t  would 

a ls o  appear to  be s a t i s f i e d  by th e  a d d it io n  o f  egg-yo lk  em ulsion o r



b u t t e r - f a t  to  th e  medium. There i s ,  however, an a l t e r n a t iv e  e x p la n a tio n ; 

t h a t  th e  serum, egg-yo lk  o r  b u t t e r - f a t  i s  re n d e r in g  in a c t iv e  some 

b a c te r ic id a l  o r  b a c t e r io s t a t i c  compound a lre a d y  p re s e n t  i n  th e  b a s a l  

medium. S evera l in s ta n c e s  o f t h i s  ty p e  o f a c tio n  liave been r e p o r te d  

f o r  a  v a r ie ty  o f  m icro -organ ism s, in c lu d in g  C orynebaoterium . For 

example, Kodicek (1949) has d esc rib ed  th e  b a c t e r i o s t a t i c  e f f e c t  o f  

u n sa tu ra te d  f a t t y  a c id s  on G ram -positive b a c te r ia ,  n o tin g  th a t  t h i s  

b a c t e r io s t a t i c  a c t io n  can be p rev en ted  by th e  a d d i t io n  o f a  su rfa ce  

a c t iv e  agen t such a s  l e c i t h i n .  H utner (1942) d e sc r ib e d  th e  in h ib i t io n  

o f I3 ry s ln e lo th r ix  and L i s t e r i a  by o le ic  a c id  which n e v e r th e le s s  became 

n o n - in h ib ito ry  i n  th e  p resen ce  o f 0 .3 /sa p o n in . In  t h i s  ca se  Hutner 

found t h a t  th e  serum requ irem en t o f  E ry s ip e lo th risc  rhuaiopa th ja©  was 

s a t i s f i e d  by a d d itio n  o f o le ic  a c id  to  th e  medium p ro v id ed  th a t  th e  

o le ic  a c id  was ren d e red  n o n - in h ib ito ry  by sapon in . O ther ooBrpounds 

th a t  have been found e f f e c t iv e  i n  d e to x ify in g  f a t t y  a c id s  in c lu d e  

album in (Davis and Dubos, 1947î Johnson and Gary, 19&3), Tween 40 

(w illia m s, B ro q u is t and B n e ll, 1947) and a c t iv a te d  ch a rc o a l (P o llo ck , 

V/ainwright and Munson, 1949)# I t  has been shomi th a t  o rd in a ry  n u t r ie n t  

media may c o n ta in  s u f f i c ie n t  f r e e  f a t t y  a c id  to  e x e r t  an in h ib i to r y  

e f f e c t  upon c e r t a in  very s e n s i t iv e  organism s, th e  f a t t y  a c id s  being  

d e riv e d  e i t h e r  from  th e  meat e x t r a c t  o r th e  peptone (P o llo ck  e t  a l .  1949). 

from ag a r (P o llo ck , 1949) o r  from  h e a t s t e r i l i s a t i o n  o f th e  media in  

c o n ta in e rs  p lugged w ith  c o tto n  wool (P o llo ck , 1949? H art, Lovelock and 

Nash, 1962)* The i n a b i l i t y  o f  th e  C .bpyis i s o l a t e s  to  grow i n  Ponmede 

album in b ro th  o r on a  try p to s e  lemoo ag a r c o n ta in in g  0 . 4 /  a c t iv a te d



ch a rc o a l su ggests  t h a t  in  t h i s  case th e  serum, ©gg-yolk o r h u t t e r - f a t  

i s  a c tu a l ly  s a t i s f y in g  a  n u t r i t i o n a l  requirem ent* T his o f  course  does 

n o t n e c e s s a r i ly  r u le  ou t th e  p o s s i b i l i t y  t h a t  th e  n u t r i t i o n a l  

requ irem en t i s  f o r  a  f a t t y  a c id , i f  th e  f a t t y  a c id  i s  r e q u ire d  in  

c o n c e n tra tio n s  g r e a te r  than  th e  amounts found i n  n u t r ie n t  ag o r, t ry p to s e  

lemoo ag a r and s im ila r  m edia. For example, B i l l ik e r ,  D eibel and Fagan 

(1963) have re p o r te d  i s o l a t i n g  co ry n o b ao te ria  t h a t  r e q u ir e  u n sa tu ra te d  

f a t t ) ' ' a c id  (as  o le a te )  in  c o n c e n tra tio n s  p o s s ib ly  a s  h ig h  a s  0 .5 /*

The use  o f  em p ir ic a l media i n  n u t r i t i o n a l  s tu d ie s  malces i t  ex trem ely  

d i f f i c u l t  to  determ ine th e  tru e  requ irem en ts o f  an organism , and in  o rd e r  

to  study  th e  p o s s ib le  rea so n s  f o r  th e  requ irem en t o f G .bovis f o r  serura, 

egg-yo lk  o r b u t t e r - f a t ,  an in v e s t ig a t io n  v/^s undertalcen in to  th e  growth 

o f two ty p ic a l  i s o l a t e s  in  chem ically  d e fin e d  media (see  S ec tio n  B ).

The absence o f  any e f f e c t  on th e  grovrth o f  G .bovis by  a  carbon 

d lo x id e -o n ric h e d  atm osphere i s  I n te r e s t in g  s in c e  f r e s h ly  drawn bovine 

mille c o n ta in s  appro3d.mately 6*6 ml o f d is s o lv e d  carbon  d io x id e  p e r  100 

ml o f  mille, m easured a t  0*̂ 0 and 76O mm %  p re s s u re  (L ing, Kon and P o r te r ,  

1961) .  N ev e rth e less  th e se  r e s u l t s  do n o t exclude th e  p o s s i b i l i t y  t h a t  

th e  h ig h  carbon  d io x id e  c o n te n t o f  m ilk  i s  im p o rtan t i n  e s ta b l i s h in g  

G .bovis in  th e  udder, s in c e  some b a c te r ia ,  a lth o u g h  n o t p o sse ss in g  a  

co n tin u in g  req u irem en t f o r  carbon d io x id q  re q u ir e  i t s  p resen ce  in  o rd e r  

to  grow from sm all in o c u la  (Woods and F o s te r ,  1964)*

In  view o f  th e  h e a t r e s is ta n c e  o f  th e  f iv e  s t r a i n s  12, 13» 14» 15 

and 33» to g e th e r  w ith  th e :lr  c lo se  resem blance b o th  m o rp h o lo g ica lly  and
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c u l tu r a l ly  to  th e  type o u ltu re s  o f Mio rp h ac te riu m  examined, th e se  

organism s a re  t e n ta t iv e ly  id e n t i f i e d  as I&crobapterlum* a lth o u g h  th ey  

d i f f e r e d  in  having an optimum growth tem p era tu re  around 37^G, w hereas 

th e  c u l tu re s  o f  M. lao ticu m  NCIB 8540 and 8%1 had optimum tem p era tu res  

f o r  groviTth o f  30^0 and u s u a lly  grew p o o rly , i f  a t  a l l ,  a t  37^0. Thomas 

and Thomas (1935) observed  th a t  v e iy  few s t r a in s  o f  M icrohacterium  were 

ab le  to  form r e a d i ly  v i s ib le  co lo n ie s  vd.thin 48 hours a t  37^G.



BXOGIMXCÆ  m C TI0N 3 

In tro d u c tio n

Since Evans (1916) r e p o r te d  th a t  BaoiX3.us a b o r tu s  v a r . liu o X y tio u s  

had no e f f e c t  on g e l a t i n ,  n i t r a t e ,  u re a  o r  a sp a ra g in e , and d id  n o t 

a t ta c k  ca rb o h y d ra tes  and r e l a t e d  compounds, numerous w orkers have 

s im i la r ly  re p o r te d  Gorvnebacterium  b o v is  to  be r e l a t i v e l y  b io ch em ica lly  

in a c t iv e  (see  f o r  oxample, Bendixen, 1933; Oohi end Z aiaon, 1940; Black 

194-1; B re u illa u d  and M ichel, 1962). The o n ly  p o s i t iv e  b iochem ical 

r e a c t io n s  n o ted  by th e se  w orkers conoorned th e  a c t io n  o f G .bovis on 

m ile : i t  appeared  to  produce an a lk a l in a  r e a c t io n  i n  litm u s  skim m ilk  

(p robab ly  due to  th e  p ro d u c tio n  o f  ammonia from  ^proteins o r  amino 

a c id s ) ,  b u t produced a c id  fz*om m ilk  f a t  end caused  r a n c id i ty .  The 

r e a c t io n  in  litm u s  iiiill-c th u s  depended upon w hether th e  medium used  was 

litm u s  v/hole mille, when a c id  p ro d u c tio n  and r e n o id i ty  in  th e  cream la y e r  

vms r e p o r te d  (Evans, 1916; Bendixen, 1933) o r  l i tm u s  skim m ilk , when an 

a lk a l in e  r e a c t io n  v;as no ted  (Breed a t  a l .  1937)* Cobb (1963) however, 

has r e p o r te d  an a lk a l in e  r e a c t io n  in  litm u s  whole m ilk . Although i t  

had been re p o r te d  th a t  G .bovis could  cause r a n c id i ty  i n  cream (Evans,

19161 Bendixen, 1933» Black 1941) th e  only  ev idence f o r  l i p o l y t i c  a c t i v i t y  

o b ta in ed  u sin g  b iochem ical t o s t  media was th e  o b se rv a tio n  by B lack (l 941 ) 

th a t  G.bo_y is  was weakly l i p o l y t i c  when t e s t e d  on t r l b u ty r in  a g a r .

In  view o f  th e  o u ltu i 'o l  requ irem en ts o f  G .bov is . i t  seemed p o s s ib le  

th a t  th e  b iochem ical i n a c t i v i t y  r e s u l t e d  from th e  i n a b i l i t y  o f  th e  

organism  to  grow in  th e  b a s a l  media used , and th e re fo re  i n  th e  p re se n t 

work th e  b iochem ioal r e a c t io n s  o f  th e  i s o l a t e s  were examined u sin g



serum -con ta ln ing  media whenever p o ss ib le ,
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Matez'ials and Methods

B efore In o c u la tio n , th e  b iochem ioal t o s t  media were in cu b a ted  f o r  

48 hours a t  37^0 fo llo w ed  by 48 hours a t  25^0 to  d e te c t  and e lim in a te  

any tu b es  o r  p la te s  th a t  were contam inated .

C u ltu re s  were p rep ared  f o r  b iochem ical t e s t s  by  strea lc ing  on 

p la te s  o f bovine serum ag a r  and in c u b a tin g  f o r  2 days a t  37^0 (w ith  th e  

ex cep tio n  o f th e  ty i)0 c u l tu re s  o f  M c ro b a o te r ium l a c ticuin  which were 

in c u b a te d  a t  30^0 ), In o cu la  være o b ta in ed  by ta k in g  a  su rfa c e  smear o f  

a  la rg o  number o f  c o lo n ie s , to  ensu re  t h a t  i s o l a t e d  m utants were n o t 

o b ta in ed  in  pure c u l tu r e .  In o cu la te d  t e s t  media vmre u s u a lly  in cu b a ted  

a t  37^0 ex cep t i n  th e  case  o f  type  c u l tu re s  o f  M. lao ticu m  which were 

in c u b a te d  a t  38^8, o r  30^R3cd 37^0.

I t  vjas n o t p o s s ib le  to  s tu d y  many o f th e  r e a c t io n s  of th e  th re e  

i s o l a t e s  from equine m ilk  and th e  one i s o l a t e  from  human m ilk , as a  

r e s u l t  o f th e  f a i l u r e  to  d e f in e  th e  c u l tu r a l  c o n d itio n s  re q u ire d  f o r  

o th e r  th an  m inim al grow th.

The b a s a l  medium used  was ïïis s* s  serum w ate r p rep a red  as d e sc r ib e d  

by Cruiokshank ( i9 6 0 ) . One p a r t  o f  s t e r i l e  bovine serum (Oxoid) was 

mixed v /ith  3 p a r t s  o f  d i s t i l l e d  vrntor, and 20 ml o f a  0.1^?! (w/v) 

s o lu t io n  o f pheno l r e d  (seo  below) was added to  each 400 ml o f  medium. 

The medium was a d ju s te d  to  pH 7 ,6 , d is t r ib u te d  i n  2*5 ml amounts i n  

screw -capped if o%, (b ijo u )  b o t t l e s  and s t e r i l i s e d  by steam ing f o r  20 

nd.nutes on 5 su ccess iv e  days. The a p p ro p r ia te  s t e r i l e  oarbo iiyd ra te  

s o lu t io n  (1 0 / w /v) Y/as added asep tica lX y  to  th e  s t e r i l e  b a s a l  medium



to  g iv e  a  f i n a l  c o n c e n tra tio n  o f 1 / .  The s to ck  s o lu t io n s  o f  

ca rb o h y d ra tes  and po ly h y d rio  a lc o h o ls  e t c .  were s t e r i l i s e d  by 

f i l t r a t i o n  th rough  C arlson-F ord  a sb es to s  f i l t e r s ,  Grade EKS (C arlson - 

Ford S ales L td , ,  A sh ton-under-lyne , Lancs)*

Phenol re d  s o lu t io n« *• Mtw mm eiM w n  mmm wW m *

Phenol r e d  (1*0 g) was d is s o lv e d  in  2 8 .4  ml o f  0.1N sodium 

hydroxide w ith  very  g e n tle  h e a tin g . D i s t i l l e d  w ate r was added to  

app rox im ate ly  400 ml th en  28*4 ml o f 0.1N hydroo lïlo rio  a c id  were added. 

The s o lu t io n  was made up to  500 ml w ith  d i s t i l l e d  w ate r and f i l t e r e d  

befoz^e use*

The s u b s t r a te s  used  w ere;

ÊPA *• a ra b in o se , x y lo se .

Monosaooharido hexoses -  f r u c to s e ,  g a la c to se , g lu c o se , monnose.m m  émm èttm m m  mm 'émm mmm mm  #»#* mm  #  w  ^  w  r  ^

D isacoharido  hexoses -  l a c to s e ,  m alto se , sucrose*mes» mm  mm mm mm  « * *  m m  mm  * m »  '  f

ï r i s a o c h a r id e  -  r a f f in o s e .«mn mttm *rm mm  imwé _

T ril^drio a lco h o l -  g lÿ c e r o l .

P entatodric a lco h o l -  a d o n ito l ,
« M *  m&n «stm m m  mm mm mm» mm mm  mm

Hoxabydrio a lc o h o ls  -  d u l c i t o l ,  m anixltol, s o rb ito l*
r £ w  « a »  mm  mm  mm mm mm  9mm mm *  '

G lucoside -  s a l i c i n  ,«CM 4 ,^  «M»

JM?£=œ>£3OTS,'tÎ!yiese “ i n o s i t o l .

A fte r  in o c u la t io n  th e  screw  caps were l e f t  s l i g h t l y  lo o se  f o r  24 

hours and th en  t i g h t l y  c lo se d , s in c e  Marcus & Greaves (1950) and 

Hayvai'd (1957) n o ted  th e  development o f  p o s i t iv e  r e s u l t s  in  t i g h t l y  

c lo sed  b o t t l e s  and tu b e s  a lthough  lo o s e ly  c lo se d  b o t t l e s  and tu b es  

esdxibited  no such r e a c t io n .  The c u l tu re s  were in c u b a te d  a t  37 o r



n

30*^0 mid examined d a i ly  f o r  6 days and th en  f re q u e n tly  f o r  up to  8 

weeks. The approxim ate pH o f  c u l tu re s  was determ ined  in d i r e c t ly  by 

v is u a l  comparison v /lth  c o n tro l  H isses serum w ate rs  a d ju s te d  i n  th e  pH 

range 4 .8  -  8 .0  as in d ic a te d  by a  Pye pH m eter (W.Cf. ly e  & Co. L td . , 

Cambridge). C on tro ls c o n s is te d  o f  each s t r a i n  in o c u la te d  in to  H ies*s 

serum w ate r w ithou t ferm en tab le  s u b s t ra te ,  and a  i l z l l  s e t  o f  u n in o cu la ted  

media in cu b a ted  f o r  5 weeks a t  37^C.

The b a s a l  medium, Hls5*s serum w ater (see  above) was d is t r ib u te d  

in  2 .5  ml amounts in  sorew^capped % os (b ijo u )  b o t t l e s  and s t e r i l i z e d  

by  steam ing f o r  20 m inutes on each o f 3 su ccess iv e  days. To each 

b o t t l e  o f  meclium was added a s e p tic a H y  0 .5  ml o f  a s t o r i l e  5 /  (w/v) 

s o lu t io n  o f  so lu b le  s ta r c h .  % e in o c u la te d  s ta r c h  serum Y/ators were 

inouba>ted a t  37^8 (o r  30^C) and ezmmined f o r  th e  p ro d u c tio n  o f  ao id  

d a i ly  f o r  6 days and f re q u e n tly  f o r  up to  8 weeks.

In  a d d itio n  p la te s  o f  s ta i'ch  ag a r were in o c u la te d  and in cu b ated  

a t  37^G (o r  30^0) f o r  2 , 5 end 9 da^ys and exm dned f o r  th e  h y d ro ly s is  

o f  s ta rc h  by f lo o d in g  th e  p la te s  witï- io d in e  s o lu t io n . The p la te s  were 

p rep ared  by o v erla y in g  10 ml o f  T ryptose Blood Agar Base (Oxoid) vd th  

5 ml o f  s ta rc h  ag a r (c o n s is t in g  o f T ryptose Blood Agar Base w ith  th e  

a d d itio n  o f  1 /  s ta r c h ) .

In d o le  t e s t

Tho medium, ca s ito n o  try p to s e  serum b ro th ,  c o n s is t in g  o f  B acto- 

Casiton© (B ifco ) , 5*0 g ; t ry p to s e  (Oxoid), 5*0 g ; Lab-Lemco b e e f  

e x t r a c t  (O xoid), 3*0 g ; sodium c h lo r id e , 5*0 g ; d i s t i l l e d  w a te r , 1



l i t r e ;  pH 7*2» was d i s t r ib u te d  in  23 ml amounts in  100 ml Jiriem aeyer

f la s k s  to  p re s e n t a  la rg e  eurfaoe a rea  to  th e  a i r  a lnoe  in d o le  i s  b e s t

formed under ae ro b ic  c o n d itio n s  (W ilson and M iles, 1955)* S t e r i l i s a t i o n
oY;as by au to o lav in g  a t  121 G f o r  15 m inutes* S t e r i l e  bovine serum 

(Oxoid) was added a s e p t ic a l l y  a f t e r  s t e r i H s  a t io n  to  a f i n a l  

c o n c e n tra tio n  o f  4 /  (v /v)*  A fte r  in c u b a tio n  f o r  5 and 10 days a t  37^0 

th e  c u l tu r e s  were te s te d  f o r  th e  p ro d u c tio n  o f  in d o le  u s in g  E bvucs's 

in d o le  t e s t  re a g e n t (R eport, 1958)* A p o s i t iv e  c o n tro l ,  u s in g  B a c il lu s  

opr.Gus» and a  n e g a tiv e  (u n in o cu la ted ) c o n tro l  were a lso  in c u b a te d  and 

examined.

P ro d u c tio n  o f  hydrogen su ln h id e

The c u l tu r e s  were grown i n  c a s ito n o  t%*yptose seruBi b ro th  (see  

above) in  25 ml amounts in  100 ml Erlenm eyer f l a s k s ,  and i n  10 ml 

amounts i n  6 x  f  in c h  t e s t  tu b e s ,  w ith  s t e r i l e  le a d  a c e ta te  paper 

(C la rk e , 1953) in s e r t e d  in to  th e  neck o f each f l a s k  o r tu b e  b e fo re  

incubation*  C u ltu re s  were in cu b a ted  fox' 21 days a t  37^0 and examined 

fre q u en tly *  Ifydrogen su lp h id e  Y/as in d ic a te d  by b lack en in g  o f th e  leâd  

a c e ta te  p a p e r. N egative r e a c to r s  a t  th e  end o f t h i s  p e r io d  were 

confirm ed by  adding h y d ro ch lo ric  ao id  to  eaoh c u l tu r e  to  l i b e r a t e  any 

d is so lv e d  su lp h id e , as  d e sc rib ed  by  ^Icerman (1959)* P o s it iv e  c o n t ro ls ,  

u s in g  I^ o ta u s  and B a c il lu s  cereus* and a  n e g a tiv e  (im inoou la ted ) 

c o n tro l  were a ls o  in cu b a te d  and examined.

P ro d u c tio n  o f ammonia fi'om nentone o r serum

The organism s were grovm in  c a s ito n o  try p to s e  serum b ro th  (see 

above) i n  25 ml amounts in  100 ml Erlenm eyer flas3.cs and in  10 ml
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amounts in  6 x  #  te s t-  tubes. Jtfter inoubation fo r  5, 10 and 18 days
oa t  37 0 Wo drops o f  c u l tu re  medluia were removed and mixed on a  

p o rc e la in  t i l e  w ith  1 drop o f H e s s le r ’s re a g e n t. The p ro d u c tio n  o f 

ammonia was in d ic a te d  by th e  r a p id  development o f  an orange o r  brick  

red co lour. P o s it iv e  c o n tro ls , using gE^o^gi  ̂ and and

a  n e g a tiv e  (u n in o cu la ted ) c o n tro l  were s e t  up and examined.

N itr a te  aerum b ro th  c o n s is t in g  o f ;  peptone (O xoid), 10.0  gj 

sodium c h lo r id e , 5*0 g | po tassium  n itr a te  ( a n a ly t ic a l  re a g e n t grade) »

1 .0  g |  d i s t i l l e d  w ate r, 1 l i t r e ;  pH 7*4; was d ispensed  in  t e s t  tu b es 

w ith  in v e r te d  Durhma tu b e s , and s t e r i l i z e d  by au to c lav in g  a t  121^0 fo r  

15 m inutes* A fte r  s t e r i l i s a t i o n ,  stes^ ile  bovine serum was added 

a s e p t ic a l ly ,  to  a  f i n a l  c o n c e n tra tio n  o f 4 /  ( v /v ) .  A fte r  in o c u la t io n  

th e  c u l tu re s  were in cu b a ted  a t  37 0 fo r  12 and 18 da^ys and th e  p resence 

o f n i t r i t e  was d e te c te d  by th e  a d d itio n  o f G rie ss -I lo sv a y ^ s  re a g e n ts , 

re d u c tio n  o f n i t r a t e  to  n itro g e n  being  d e te c te d  by means o f  th e  Durham 

tubes* N egative r e a c to r s  im re confirm ed by th e  f iz r th e r  a d d itio n  o f 

s in e  d u st to  reduce any n i t r a t e  p re se n t (? /ilson  & 1^55). A

p o s i t iv e  c o n tro l ,  usings ^aeudoi^fflas. and a  n e g a tiv e  (u n in o cu la ted ) 

c o n tro l  were a lso  in cu b a ted  and exaîBinod*

method o f  C h risten sen  (1946) was employed, th e  medium c o n s is t in g  

o f  Urea B roth  Base (Oxoid) d ispensed  in  5 ml amounts in  6 % te s t - tu b e s .  

A fto r  s t e r i l i s a t i o n  by au to o lav in g  a t  121^0 fo r  15 m1.nutes and cooling ,

0*2 ml o f  s t e r i l e  bovin© serum and 0 .25  ml o f  a  s t e r i l e  4 0 /  s o lu t io n  o f 

u rea  were a s e p t lc a l ly  added to  each tube* 35ach a tx 'a in  was In o cu la ted
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in to  a  tu b e  o f  u re a  b ro th  and a  c o n tro l tube o f  th e  b a s a l  medium 

co n ta in in g  serum b u t no urea* The in o c u la te d  tu b e s  ware in c u b a te d  a t  

37^0 f o r  up to  22 days w ith  f re q u e n t exam ination f o r  p o s i t iv e  r e a c to r s ,  

which were in d i.ca ted  by  a  change in  co lo u r o f  th e  u re a  b ro th  from straw  

to  pW c, w ith  no s im ila r  change o ccu rrin g  i n  th e  c o n tro l  tube* A 

p o s i t iv e  c o n tro l ,  u s in g  Protqpfi^. and a  n eg a tiv e  (u n in o cu la ted ) c o n tro l  ̂  

were a ls o  in cu b a ted  and examined#

L lq u e faa tio n  o f  g e la t in

The l iq u e fa c t io n  o f  g e la t in  was t e s te d  f o r  by  th e  use o f  ’ bo th  

n u t r ie n t  g e la t in  and g e la tin -o h a ro o a l d iscs#

(a) WutriQKb^Bl£%n

The medium c o n s is te d  o f ;  Lab-Lemco b e e f  e x t r a c t  (O xoid), 10 .0  g ; 

peptone (Oxoid) 10 .0  g ; g e la t in ,  10*0 g ; sodium c h lo r id e , 5 .0  g ; 

d i s t i l l e d  vm ter, 1 l i t r e ;  pH 7##* S te r i l i z a t io n  ?;as by steam ing f o r  

20 m inutes on each o f  3 oonsooutiv© days# A fte r  s t e r i l i z a t i o n ,  s t e r i l e  

bovine serum was added a s e p t io a l ly  to  a  f i n a l  c o n c e n tra tio n  o f  3 /  ( v /v ) .  

The medium was s ta b - in o c u la te d  and in cu b ated  a t  37^0, l iq u e fa c t io n  o f 

g e la t in  b e in g  d e te c te d  a f t e r  in c u b a tio n  by co o lin g  th e  tu b es  i n  ic e d  

? /a te r. In  a d d it io n  a  f u r th e r  two s e ts  o f  in o c u la te d  n u t r ie n t  serum 

g e la t in s  were in cu b a ted  a t  25^0, one s e t  as  s ta b  c u l tu re s  and th e  

o th e r  s e t  p rep a red  as s la n t s  and su rface  streaked*  P o s i t iv e  and 

n eg a tiv e  c o n tro ls  were s e t  up, u s in g  Pseudomonas# P ro teu s and B a c il lu s  

ce reu s a s  th e  p o s i t iv e  co n tro ls*

(b) C h â i> £ o ^ ^ la t to _ a is £ S

In  t h i s  method f o r  d e te c t in g  th e  l iq u e fa c t io n  o f g e la t in ,  f i r s t  

d e sc rib ed  by Kohn (1953)» d is c s  o f  fo rm a lin -d en a tu re d  g e la t in  co n ta in in g



f i n e ly  powdered ohoz'coaX a re  added to  tho  n u t r i e n t  medium in  whioii th e  

organism s a re  to  be grown* The denatu red  g e l a t i n  w i l l  n o t m e lt when 

k ep t a t  37^C foz' norm al in o u b a tio n  p e r io d s , b u t  i t  i s  s t i l l  capab le  

o f b e in g  l iq u e f i e d  a s  a  r e s u l t  o f  enzyme activ*ity*

The b a s a l  medium c o n s is te d  o f  N u tr ie n t B ro th  No*2 (Oxoid) 

d l-s tr ib u te d  in  3 ml amounts i n  4  % & in c h  t o s t  tu b e s  and s t e r i l i z e d  

by au to c la v in g  a t  121^0 f o r  15 m inutes* Stoz*ile bovine serum (Oxoid) 

was added a s e p t ic a l l y  to  a  f i n a l  c o n c e n tra tio n  o f  5 /  (v /v )*  One 

s t e r i l e  G horooal-G ala tin  D isc ( Oxoid) was added a s e p t ie a l l y  to  oaoh 

tube* The tu b e s  wore heavzlly in o c u la te d , in c u b a te d  a t  yf^O  and 

examined a f t e r  8 h o u rs , 24 hours and d a i ly  f o r  up to  5 days*

I jy ^ o ly a is  o f  c a s e in

Layer p la te s  were used , tine b ase  la y e r  c o n s is t in g  o f  Txyptoso 

Blood Agar Base ((hcoid) 5 /  (v /v ) o f  bovine soruïB, and th e  o v e rlo y e r  

c o n s is t in g  o f  5 ml o f  a « d x tu re  o f  2 p o r ts  o f  i ^ s t r o n g t h  T ryptose 

Blood Agar Base mid 1 p o r t  o f  s t e r i l e  r e c o n s t i tu te d  skim m ilk  (Oxoid)* 

In o c u la te d  p l a t  os %7ere in c u b a te d  a t  37^0 f o r  up to  9 days* C lea r 

zones whioh developed  d u rin g  in o u b a tio n  were reg a rd ed  a s  prosumptiv© 

ev idence o f  c a s e in  h y d ro ly s is*  In  such ca ses  co n firm a tio n  was 

o b ta in ed  by f lo o d in g  th e  p la t e s  w ith  m ercuric  c h lo r id e  s o lu t io n .  

l iq u e fa c t io n  o f  co am ila ted  serum

L o o ff le r* s  Snrum Slopes (Oxoid p rep ared  medium) in  screw -capped 

z  oz (b ijo u )  b o t t l e s  were used* A fte r  in o c u la t io n , th e  b o t t l e s  were 

in c u b a te d  a t  37^0, w ith  th e  screw  caps s l i g h t l y  lo o sen ed , f o r  7 days* 

P ro te o ly s is  was d e te c te d  by th e  p ro d u c tio n  o f  c o lo n ie s  surrounded b y



4^

o ra to r s  o f  l iq u e f ie d  medium* L lq u efao tlo n  was p receded  by  th e  develop

ment o f  tremslueenoy o f  the coagulated serum Immediately aurrounding 

the c o lo n ie s .

The medium o o n sia ted  o f  Skim MlHc Powder (Oxoid) r e c o n s t i tu te d  

w ith  d i s t i l l e d  w ate r to  which was added s u f f ic ie n t  4 /  litm u s  s o lu t io n  

( B r i t i s h  Drug Houses Ltd#) t o  g ive a pal© mauve colour* I t  was 

dispensed i n  10 ml amounts :ln screw^capped 1 oz  b o t t le s  and s t e r i l i z e d  

by au to o lav in g  a t  121^0 f o r  5 minutes fo llow ed  by steam ing f o r  30 

m inutes on each o f  the two folloiYing days# A fter in o c u la t io n  

in c u b a tio n  m s c a r r ie d  o u t v jith  th e  screw caps s l i g h t ly  loosened , 

fo r  8 weeks a t  37^0.

The b a s a l  medium was T ryptose Blood Agar Base ( Oxoid) to  which 

sodium c h lo r id e  had been added, before s t e r i l i z a t i o n  to  r a i s e  th e  

f i n a l  s a l t  c o n c e n tra tio n  to  1 /  (w/v)# Ten ml o f  s t e r i l e  C oncentrated  

Egg Yolk liimulsion {Oxoid) were mixed w ith  each 100 ïïû. o f m olten 

s t e r i l e  b a s a l  medium coo led  to  and p la te s  poured# A fte r

in o o a ta t io n  th e  p la te s  were in cu b a ted  a t  37^G f o r  5 d#^s.

The b a s a l  mediwm c o n s is te d  o f  N u tr ie n t B roth  No#2 (Oxoid) to  v;hich 

a f u r th e r  1 /  (w/v) o f  aodiuiïi c h lo r id e  had been added b e fo re  

s t e r i l i s a t i o n *  I t  was dispensed i n  5 ml amounts in  6 x  f  in ch  t e s t  

tu b e s  m à  s t e r i l i s e d  by au to c lav in g  f o r  20 m inutes a t  121^0# A fte r  

s t e r i l i z a t i o n  G #25 ml o f  s t e r i l e  G onoentrated Egg Yolk 2 te ils io a  ( Oxoid)
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v/as added aseptieaX ly to  each tube* The in ocu la ted  tubea were 

incubated at 37^0 fo r  tiiree weeke* and were examined d a ily  fo r  the  

f i r s t  three deys and freq u en tly  thereafter#

The cu ltu res were ^rown on egg*»yollc ag a r p la te s  f o r  3 days a t  

37^0* A fte r  in c u b a tio n  1 ml o f  10 vole hydrogen perosdde s o lu t io n  

was poured  over th e  su rfa c e  o f  each p la t© , cataX ase p ro d u c tio n  being  

in d ic a te d  by effe rv eso en o e  in  th e  l>ydx‘ogea pero:?dude s o lu t io n  over 

th e  b a c t e r i a l  growth* 

i tv r in  BÈcar

T r ib u ty r in  âg a r (Oxoid) was used w i #  and w ithou t th e  a d d itio n  

o f  5# (v /v ) o f  s t e r i l e  bovine serum (O xoid). The in o c u la te d  p la te s  

were in cu b a ted  a t 37^G, end were examined f o r  c le a r in g  d a i ly  f o r  5 

days*

Tween a a a r  ( S ie r r a ,  1937)

The b a s a l  medium c o n s is te d  o f Tryptoaa Blood Agar Base (C to id) 

to  which was added s t e r i l e  Tv;oen 20 (polyaxyothylane s o rb ita n  

m ono lau ra te), Tvmen 40 (polyoxyothylen© e w b ita n  m onopalïïïltate),

Ttmen éO (polyoxyethT lcne s o rb ita n  m o n o steara te ), o r  Tvmen 80 

(po lyo^yethylene s o rb i ta a  m ono#oleate), to  a  f i n a l  c o n c en tra tio n  o f  

0*3/% (v /v)*  The Tween was added to  th e  m olten b a s a l  medium a t  gO^G 

j u s t  b efore pom dng th e  p la te s#  A fter in o c u la t io n  th e  p la te s  were 

incubated a t  37^0 f o r  9 days, b e in g  examined dailyy f o r  th e  p ro d u c tio n  

o f  sones o f  p re o ip i ta t io B  around th e  b a c te r i a l  g ro tfth .

I t  was shown by th e  use  o f  s to ck  c u l tu re s  teown to  g iv e  p o s i t iv e
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roaotio ïiB  Aloc^igpnes. y i,3 o p la c tls  and

Aqhrpmp h a a te r  lac tlo u m ) th a t  th e  a d d it io n  o f  o a lo itm  c h lo r id e  to  th e  

based  medduiB, which was roooimmended by S ie r r a ,  wao n o t neoG asary f o r  

w e ll  d e f in e d  ssones o f  p re c ip i ta t io n *

B utter-^fat, ( a f t e r  B erry , 1% 4)

B utter**fat was p re p a re d  by  m e ltin g  u n s a lte d  b u t t e r  a t  gO*̂ G and 

s e p a ra tin g  th e  f a t  from  th e  cu rds u s in g  a  s e p a ra tin g  funnel*  The 

b u t t e r - f a t  was d is t r ib u te d  i n  10 ml amounts i n  screw -capped 1 os b o t t l e s  

end s t e r i l i s e d  by  au to o lav in g  a t  121^0 f o r  15 m inutes*

The medj.um was p re p a red  by  adding a s e p t i c a l l y  5 ml o f  m olten 

s t o r i l e  b u tte r '^ 'fa t  to  100 ml o f  m olten s t e r i l e  T ryp tose  Blood Agar 

Base (Oxoid) a t  50^0, and em u lsify in g  by  v ig o ro u s hend-shaîcing 

im m ediately  b e fo re  p o u rin g  th e  p la te s*  The in o c u la te d  p la t e s  were 

in c u b a te d  a t  f o r  5 d ay s . A fte r  in c u b a tio n  th e  amount o f  grovrth

and auy p ig m en ta tio n  was n o ted  and th e  p la te s  were th en  f lo o d ed  w ith  

s a tu ra te d  copper su lp h a te  s o lu t io n  and allow ed  to  s ta n d  f o r  10 minutes*

The re a g e n t was th e n  poûred  o f f  and tiie  p l a t e s  washed g e n tly  i n  

run n in g  w ate r f o r  one hour to  remove th e  excess copper su lphate*

L ip o ly s is  o f  th e  b u t t e r - f a t  was in d ic a te d  by  b lu is h -g re o n  zones o r 

th e  b a c t e r i a l  grow th b e in g  co lou red  b lu is h -g re e n , due to  th e  fo rm atio n  

o f in s o lu b le  copper s a l t s  o f  th e  f a t t y  a c id  s e t  f r e e  on l ip o ly s is *

V ic to r ia  b lu e  b u t t e r - f a t  m a r  and V ic to r ia  b lu e  m argarine , a^ a r  

(Jones and lE c h a rd s , 1952; P aton  and Gibson, 1953).

of^V |;O tpri|t bliAoJ)£so Two grams o f  powdered V ic to r ia  b lu e  

( B r i t i s h  Drug Housos L td*) were b o i le d  i n  200 nDL o f  d d ,s t i l le d  w ater
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u n t i l  th o ro u g h ly  d ispersod*  Sodium iiydro^ddo s o lu t io n  (10?S w/v) was 

added slow ly  v d th  c o n s ta n t m ixing u n t i l  th e  c o lo ra t io n  d leap p ea red .

The ndxtux*G was allow ed to  s tan d  u n t i l  th e  w aters in s o lu b le  p r e c i p i t a t e  

( th e  b a s ic  clyo) had s e t t l e d  out* The p r e c ip i t a t e d  b a s ic  dye was 

f i l t e r e d  o f f  atid washed w ith  <M .stilled vm tor made s l i g h t l y  a llc a lin e  

w ith  OTioniuEi hydroxide* The dye was f i n a l l y  d r ie d  a t  gO^G* 

& f j ) u t t e ^ f a t  m g

B u t te r - f a t  was p rep ared  as d e sc rib ed  f o r  b u t t e r - f a t  a g a r  (see  

above), and th e  m argarino  f a t  was s im ila r ly  prepared*

One hundred grams o f b u t to r - f  a t  o r m argarine were h ea ted  in  a  

c o n ic a l f l a s k  iTith 100 ml o f  w ater and a  muabor o f  g la s s  beads* Vdien 

th e  m ix tu re  was bo ilix Jg , b a s ic  V ic to r ia  b lu e  powdei* was added slow ly 

w ith  c o n s ta n t m ixing mvfcil th e  f a t  was sa tu ra te d *  This s ta g e  was 

in d ic a te d  by  th e  f a t  b e in g  deep re d  v â th  p a r t i c l e s  o f  im d isso lv ed  

b e in g  p re s e n t  a t  th e  bottom  o f th e  f la sk *  The m ix tu re  was b o ile d  

g e n tly  f o r  a  f u r th e r  30 m inutes* The f a t  was s e p a ra te d  from  th e  b u lk  

o f  th e  v/ater and f i l t e r e d  overnigI%t a t  37^0* The f i l t e r e d  f a t  was 

s e p a ra te d  from  any r e s id u a l  watery d ispensed  in  screv^^capped 1 os b o t t le i  

and s t e r i l i z e d  by au to o lav in g  a t  121^0 f o r  15 m inutes*

The b a s a l  medium c o n s is te d  o f  T ryp tose  Blood Agar Base (Oxoid) 

i n  which th e  a g a r  c o n te n t had been iînoreased  to  2>$ (w/v) and th e  

r e a c t io n  o f  th e  medium a d ju s te d  to  pH 7*8. T his medium was d ispensed  

i n  20 ml maoimts in  sorcvir-capped 1 os b o t t l e s  and s t e r i l i s e d  by 

au to o lav in g  a t  121 G f o r  15 m inutes* One a i  o f  th e  b a s ic  d y e / f a t
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m ix tu re  was added a s e p t io a l ly  to  each b o t t l e  o f  s t e r i l e  m olten  medium 

a t  45^G* The m ix tu re  was e m u ls if ie d  by v igo rous hand-shak ing  f o r  one 

m inute and poured  in to  a  P e t r i  d is h .

The in o c u la te d  p la te s  were in c u b a te d  a t  f o r  up to  9 days, 

and were examined d a i ly  f o r  groivth o f  th e  b a c te r i a  and f o r  l i p o l y t i c  

a c t i v i t y  a s  in d ic a te d  by th e  fo rm atio n  o f  dcop b lu e  aones around th e  

b a c t e r i a l  grovrfch o r  by th e  b a c t e r i a l  grovrth b e in g  b lu e  i n  c o lo u r .
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Brcàlc^oYm o f

The r e a c t io n s  o f  th e  i s o l a t e s  and o f  th e  ty p e  c u l tu re s  i n  H is s 's  

serum w ate r co n ta in in g  carhoîiydratos and s im ila r  s u b s t ra te s  a re  

summa-rized in  T ables4, 5 and 6* The r e a c t io n s  o f  th e  i s o l a t e s  o f  

O orm ehacteriusa h o y js  a re  shown in  Table 4 , and th e  r e a c t io n s  o f  th e  

i s o l a t e s  n o t corresponding  to  C.fo.oyis a re  g iven  i n  Table 5* The 

ty p ic a l  r e a c t io n s  o f  th e se  i s o l a t e s  a re  summarised i n  Table 6 , t? ith  

tî:ie r e a c t io n s  o f  th e  type c u l tu re s  a lso  being  l i s t e d .  I t  was 

observed th a t  f re q u e n tly  r e v e r s a ls  o f  pH o ccu rred , th e  medium f i r s t  

tu rn in g  a c id  and then  a f t e r  con tinued  in c u b a tio n  becoming slow ly  

a lk a l in e .  Many s t r a in s  when in o c u la te d  in to  c o n tro l  serum w aters 

co n ta in in g  no added s u b s tra te  gave an a lk a l in e  r e a c t io n  a f t e r  p ro longed  

in c u b a tio n  p ro b ab ly  due to  th e  p ro d u ctio n  o f  ammonia from amino a c id s , 

and t h i s  cou ld  e a s i ly  ex p la in  th e  r e v e r s a ls  i n  pH which o ccu rred . 

However, i n  a  number o f  ca ses  double r e v e r s a ls  o f  pH were observed , i n  

wiTdch th e  development o f  an a c id  r e a c t io n  w ith in  about 7 days was 

fo llow ed  by a  change to  a lk a l in i ty ,  fo llow ed  a f t e r  p ro longed  in c u b a tio n  

by th e  development o f  an a c id  r e a c t io n  once again» This type o f  

r e a c t io n  was g iven  by a t  l e a s t  one s t r a in  i n  each o f  th e  s u b s t ra te s  

x y lo se , E iannito l, rhamnoso, a rab in o se , d u lo i to l ,  r e f f in o s e ,  s o r b i to l ,  

adonitoX , g a la c to s e , m alto se , f ru c to s e , mannose, g ly c e ro l ,  Some 

s t r a in s  ( e .g .  s t r a i n s  59 and 72) produced t h i s  ty p e  o f  r e a c t io n  in  a  

range o f  su g a rs . Since double r e v e r s a ls  in  pH were observed  in  such 

a wide range o f  s u b s t r a te s ,  in c lu d in g  th e  mono sa cch a rid e  f ru c to s e , no
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z a t i s f a o to ïy  ex p lan a tio n  f o r  t h i s  phenomenon can bo o f fe re d .

The r e a c t io n s  o f  G*hovia HCTC 32%, \Yore a lm ila r  to  th e  ty p ic a l  

r e a c t io n s  o f  th e  C .hovie i s o l a t e s  excep t th a t  a c id  was n o t produced 

from  g ly c e ro l by  G .hqvis HCTC 32%  (see  Table 6 ) .  C .u loerana HCTG 

7910 d i f f e r s  from th e  ty p ic a l  C .bovis i s o l a t e s  i n  i t s  r e a c tio n s  to  

a rab in o se , su c ro se  and m annitol*

Hone o f  th e  G .bovis i s o l a t e s  was capable o f  growth on s ta rc h  

ag a r, and none gave a  r e a c t io n  i n  H is s 's  serum w ate r co n ta in in g  

so lu b le  stoi*oh. The *hiocardial*^ i s o l a t e s  grev; on s ta rc h  agar and 3 

o f  th e  8 s t r a i n s  produced narrow  zones o f  h y d ro ly s is  o f  th e  s ta rc h , 

th e  rem ain ing  3 producing no r e a c t io n .  Hone o f  th e se  8 s t r a in s  gave 

a  r e a c t io n  in  th e  s ta rc h  serum vm ter.

A3.1 5 o f  th e  M iorobaoterium  i s o l a t e s  grew m odera te ly  w e ll on 

s ta r c h  ag a r w ith  wide zones o f  hydi*olysis, b u t none produced a c id  i n  

s ta rc h  serum w a te r .

The re a o t lo n s  o f  th e se  and o f  th e  t^rpe c u l tu re s  in  s ta rc h  agar 

and s ta r c h  serum w ater a re  shown in  Table 7#

In d o le  t e s t

Hone o f  th e  i s o l a t e s  and ty p e  c u l tu re s  produced in d o le  from 

c a s ito n e  tryjybose serum b ro th  du ring  in c u b a tio n  a t  37^0 f o r  10 d ay s . 

I^ o d u c tio n  o f  &i;ydz'ogen su ln h id e

Hone o f  th e  O .bovis i s o l a t e s  o r  "n o o a rd ia l"  i s o l a t e s  produced 

liydrogen su lp h id e  from c a s ito n e  try p to s e  serum b ro th . Tliree o f  th e  5 

Bliorobaoteriimi i s o l a t e s  produced s l ig h t  b lacken ing  o f th e  le a d  a c e ta te  

pap er a f t e r  in c u b a tio n  f o r  3-10 days a t  37^8. Hone o f  th e  3 equine
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aip lith eroid s produced hydrogea su lp h id e.

Géhofmaanil HCïC 231, C .hovis TOO 32% , C .o v is  KOïC 3^50,

WTO 6448, G.xeromia NgfG 7%3> C .renala HGTC 7448 and 

m o ro b ao te îdirn 3.ao,tioiim HCXB 8540 and 8541 produced no d e te c ta b le  

liydrogen sulphide*

O .ulaerans. MOTG 7910 produced a u f f lo le n t  l^ydrogen su lp h id e  to  

cause co n s id e ra b le  b lacken ing  o f  th e  le a d  a c e ta te  p ap e r w ith in  5 days 

i n  b o th  f l a s k  and te s t - tu b e  cu ltu re s*  O .flaviduat HOTC 764 gave a  

n e g a tiv e  r e a c t io n  i n  th e  f la s k  c u l tu re ,  b u t produced some b lack en in g  

o f  th e  le a d  a c e ta te  p aper i n  th e  case o f  th e  t e s t  tube  cu ltu re #  The 

re a c t io n  o f G .flav id im  would th u s  appear to  su p p o rt tlie  view o f  

Skennan (1959) th a t  hydrogen su lph ide  p ro d u c tio n  i s  enhanced when 

c u l tu re s  a re  grown under c o n d itio n s  o f  severe  os^gen lim ita tio n #  

However, bo th  C .diiohtheriao  HCTG 3985 and O.xerosis HGTC 9755 produced 

Iiydrogen su lp h id e  when grown in  shallow  c u l tu re s  i n  B r le ta c y e r  f l a s k s ,  

b u t n o t when groim in  te s t - tu b e ,  c u l tu re s ,  i n  th e  case  o f  C.xerojis 

co n s id e rab le  b lacken ing  o f  th e  le a d  a c e ta te  pap er o ccu rrin g  w ith in  

5 days*

C u ltu res  o f  a l l  th e  i s o l a t e s  from bovine m ilk  (grov/n i n  c a s lto n e  

try p to s e  serum b ro th )  gave a  co lo u r  r e a c t io n  w ith  M e ss ie r 's  re a g e n t 

s l i g h t ly  more orange th an  th e  co lo u r r e a c t io n  o b ta in ed  w ith  th e  

u n in o cu la ted  c o n tro l  b ro th , in d ic a t in g  s l i g h t  m m onia p roduction*  

C .u loexm s HGTC 7910 and C.ipyogenes KCTC 6448 gave a  s tro n g  r e a c t io n ,  

w ith  a  deep b r ic k - r e d  co lo u r developing when M e s s ie r 's  re a g e n t was 

added, a l l  o th e r  type  c u l tu re s  producing a co lo u r  r e a c t io n  s l i g h t l y
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more orange th an  th a t  o b ta in e d  w ith  th e  unJ.nooulated medium. T his 

oonfirm s th e  slow development o f  a l k a l i n i t y  i n  H is s 's  serum w ate r

o o n ta in in g  no Ofxrhohydrate su b s tra te *

R eduction o f n i t r a t e

N i t r a te  was reduced  to  n i t r i t e  by tv;o o f  th e  O .bovis i s o l a t e s ,

one o f  th e  tv;o c o ry n e b a c te r ia l  s t r a in s  n o t co rrespond ing  to  O .bov is.

6 o f  th e  8 "n o o o rd ia l"  i s o la te s , tw o  o f  th e  ti ire e  equine d ip h th e ro id s ,

and th e  ty p e  c u l tu re s  o f  G .hofm annii. C .flav idum . C .d ip h th o riae

0 .x e ro s is  NGTC 9755, and M jorobacterium  lao tio u m  (M .lgoticum  NCIB

8540 b e in g  p o s i t iv e  a t  30^0, n e g a tiv e  a t  37^0, M .laotioum  8541

n e g a tiv e  a t  30*^C, p o s i t iv e  a t  37^0)*

N i t r a te  was n o t reduced  by  125 o f  th e  127 O .bovis i s o l a t e s ,  th e

i s o l a t e s  o f M icrobacteriu ia o r  th e  ty p e  c u l tu re s  o f  C .b o v is . C.pyoi^enes

0 .x e ro s is  NCTC 7243, G .ren a le  and C.ovis*

Urea was hyd ro ly sed  by most o f  th e  C .bovis i s o l a t e s  i n  24?48 

hours 123 : &aVej p o s i t iv e  r e s u l t s  w ith in  6 days; two mo%*e s t r a i n s  

gave p o s i t iv e  r e s u l t s  in  7^11 days; on ly  two o f  th e  127 s tr^ d n s  

con tinued  to  g iv e  n e g a tiv e  r e s u l t s  a f t e r  p ro longed  in c u b a tio n . Urea 

was a ls o  liydro lysod  by a l l  o f  th e  i s o l a t e s  o f  !& crobacteriuK i. one o f  

th e " n o o a r d ia l" is o la te s , and w ith in  48 hours by th e  type  c u l tu r e s  o f 

& r e m l o . £*oyie end C .u lp e rm s . None o f  th e  s t r a i n s  

gave a  f a l s e  p o s i t iv e  r e a c t io n  in  th e  C h r is te n s o n 's  modi-ujn w ith o u t 

u re a . The th re e  i s o l a t e s  o f  o o ry n eb ao te ria  from  equine mi,;ik wore 

n e g a tiv e  r e a c to r s .  The ty p e  c u l tu re s  o f  C .bovi.s. G .flav idum ,
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G♦ (ILphtheria©. C.pyoRenes. G ♦ x ero sis  and Miorbba c toriiiin laq tloum  

d id  n o t hydro lyse  urea*

(hxly C*p.yQgenes NGTC 6*48 was ab le  to  l iq u e fy  th e  n u t r ie n t  seinim 

g e la t in  s ta b  ? /ith in  4  weeks a t  25^0 or 37^0* Hone o f  th e  c u l tu re s  

l iq u e f ie d  o h a rc o a l-g e la tin  d is c s  w ith in  48 hours a t  37^0. In cu b a tio n  

o f  o h a ro o a l-g e la tin  d isc s  f o r  lo n g er th an  48 hours a t  57*^8 caused 

th e  slow d is in te g ra t io n  o f th e  d is c s  in  th e  u n in o o u la ted  co n tro ls*  

N u tr ie n t serum g e la t in  s la n ts  p rov ided  a more s e n s i t iv e  in d ic a t io n  o f  

p ro te o ly s is ,  and s l ig h t  l iq u e fa c t io n  was e v id e n t when s la n t  c u l tu re s  

were in c u b a ted  a t  25^G in  th e  oaae o f  C .u loerona NGTG 7910, th e  f iv e

M iorobaoterium  i s o l a t e s  and th e  nooar d ia l  i s o l a t e  s t r a i n  No *39 ( in  

a d d itio n  to  C.pyogones NCTC 6448)*

E vdro lvsis  o f  c a se in

The O .bovis i s o l a t e s  gre\? only  sp a rse ly  on skim m ilk ag^xr i n  

reg io n s  o f  heavy in o c u la t io n , vd.th no d e te c ta b le  c a se in  h y d ro ly s is .

The W .orobacterium  i s o l a t e s  grew m oderately  w e ll , and th e  "nooardial** 

i s o l a t e s  gave good growth on skim m ilk  ag a r, w ith  two o f th e  

’’n o o a rd ia l” i s o l a t e s  ead iib itin g  norx’ow zones o f  c a se in  iiyd ro lysis*

The type  c u l tu re s  o f  C .hofm annii. G .ovis* C*renal© and 

î& crobacte riim  lao tioum  grew w e ll on sîdLm-ndlk agax*, %vith a l l  excep t 

G .hofm annii producing wide zones o f  hydi^olysis*

The type c u l tu re s  o f  O .bovis and G.pyogenes grew on ly  s p a rs e ly  

on skim m ilk a g a r , b u t G.nyo^enes produced la rg e  zones o f  o a s e in o ly s is . 

L iq u e fac tio n  o f co ag u la ted  serum

(W.y G."pyogenes NCTC 6*48 caused n o tic e a b le  l iq u e fa c t io n  o f  th e
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co ag u la ted  oorum.

R eaction  in  litm u s  skim m ilk

î’iv e  o f th e  127 C .bovis i s o l a t e s  produced s l i g h t  a c id i ty  in  

li tm u s  sldm m ilk , th e  rem aining 122 s t r a in s  produoing no re a c t io n  due 

to  an i n a b i l i t y  to  m u ltip ly  in  th e  medium# Of th e  5 '‘m io ro b a o te ria l ' 

i s o l a t e s ,  two produced an a c id  c lo t  fo llov /ed  by re d u c tio n  o f  tho  

l i tm u s , and th e  rem aining th ro e  s t r a in s  caused th e  medium slow ly to  

become deeply  allcaline*  Seven o f th e  e ig h t "n o c a rd ia l"  i s o l a t e s  

produced no r e a c t io n  in  litm u s  skim mille, th e  rem aining s t r a i n  causing  

th e  medium to  become a lk a l in e .

Of th e  typo c u l tu r e s ,  0,. pyogenes and M icrobacterium  lao tioum  

NCIB 054-0 produced a c id  c lo t t in g  o f th e  litm u s  skim m ilk , th e  l a t t e r  

s t r a i n  g iv in g  a  r e a c t io n  on ly  a t  30^0, and n o t a t  37^0# G .hofm annii. 

C .ov is and M .laotioum  NCIB 8S41 produced no rea c tio n #  C .ren a le  

produced an a lk a l in e  r e a c t io n  in  th e  medium.

E eao tion  m  egg~ypm

A ll th e  i s o l a t e s  from bovine mille gave p ro fu se  grov/th on egg- 

yo lk  agar and in  egg-yolk  b ro th  a lthough p roducing  no r e a c t io n  in  

th e  mcdèma* One o f th e  equine d ip h th e ro id s  imd th e  human d ip h th e ro id  

were t e s te d  in  th e se  m edia: th ey  gave very l i t t l e  grovrfch and no 

le c i th in a s e  reac tio n *  M l  b u t one of th e  typo c u l tu re s  grew w e ll ,  

tho  ex cep tio n  being  C.nvo^^enes which gave very  sp a rse  growth i n  th e  

absence of serum* Only G .uloerans produced a r e a c t io n ,  p roducing  

o p a c ity  in  egg-yolk  b ro th , a lthough  g iv in g  no r e a c t io n  in  egg-yo lk  

agar*

T rib u ty r in  a^ a r

L i t t l e  grov/th o f  th e  C*bovia  i s o l a t e s  was o b ta in ed  on t r i b u ty r in
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ag ar and th en  only  in  th e  reg io n  o f th e  h e a v ie s t  inooulum . Very 

s l i g h t  c le a r in g  o f  th e  medium was sometim es a s s o c ia te d  w ith  t h i s  

growth# The la c k  o f growth apj^eared to  he due to  I n l i ib i t io n  o f th e  

organism s by th e  t r i b u ty r in  since  th e  a d d itio n  o f serum to  the 

t r i b u ty r in  agar d id  n o t s ign iX 'ioan tly  in c re a se  th e  amount o f growth 

o b ta in ed . In  a  fw r th e r  s tudy  u sin g  a  few ty p ic a l  i s o l a t e s  i t  was 

found th a t  by th e  use o f  h e a v ily  in o c u la te d  s in g le  s tr e a k s , a lthough 

th e  amount o f  growth o b ta in ed  was n o t in c re a se d , th e  amount of 

o le a r in g  cou ld  be in c re a se d  from being  b a re ly  d is c e rn ib le  to  a q u ite  

obvious c le a r in g  o f tho  medium under th e  stroalr*. However, th e  f u l l  

depth  o f  th e  medium was no t c le a re d  (So© P la te  1)#

S ix  o f th e  8 "nocard ial^ ' i s o l a t e s  grow lu x u r ia n t ly  on t r ib u ty r in  

a g a r, produoing a  zone o f  c le a r in g  2 mm w ide; th e  rom'ain:ing two 

s t r a in s  grew only  sp a rse ly  on t r ib u ty r in  in  th e  re g io n  o f th e  

h e a v ie s t  inoculum#

The f iv e  M iorobaotariw a i s o l a t e s  gave m oderate growth, and c le a r  

zones 1-2 mm wide#

Of th e  type  c u l tu re s ,  C.bovj.a# G .hofm annli# G.nvogenes and 

Ivficrobactcrium lao tioum  grew on ly  sp a rse ly  on t r i b u ty r in  ag a r, even 

w ith  th e  a d d itio n  o f  serum, C .bovis be ing  th e  on ly  on© o f  th e se  f iv e  

s t r a in s  to  produce a d e te c ta b le  c le a r in g  o f th e  t r i b u ty r in  ag a r and 

th e n  only  in  th e  re g io n  o f th e  h e a v ie s t  inoculum# Gorvnebacterium  

flav idum # C# x e ro s is  and Q# u lcé ro n s  grew lu x u r ia n t ly  on t r i b u t y r i n  

ago%̂  w ithou t th e  need f o r  th e  a d d itio n  o f serum, G#flavidum and b o th  

s t r a in s  o f C «xerosis produoing zones o f  cleaidng# C .ov is mid 

C .d lp h th e r ia a  grew m oderately  w e ll on t r i b u ty r in  ag a r, th e  grovrkh o f
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TRIBUTYRIN AGAR 

Inoubated  f o r  3 days a t  37^0

1 . C .b o v is  s t r a in  124

2 . C .b o v is  s t r a in  147

3 . C .b o v is  s t r a in  159

4 .  C .b o v is  NCTC 3224

5 . C .x e r o s is  NCTC 7243

6 .  C .x e r o s is  NCTC 9755
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b e in g  much enhanced very  s l i g h t  c le a r in g  o f th e

medium) by th e  a d d itio n  o f serum*

The amount o f c le a r in g  o f th e  t r ib u ty id n  ag a r produced by C .bovis 

(bo th  th e  type c u l tu re  and typloaDi. i s o l a t e s ) ,  G . f l a v idum and C. x e ro s i s  

was in c re a se d  ^ e a t l y  by f u r th e r  in c u b a tio n  o f  th e  p la te s  a t  20^0 f o r  

5 days a f t e r  in c u b a tio n  a t  37^0 f o r  3 days (P la te  2 ) ,  a s  compared 

v/ith  p la te s  ino u b a ted  a t  37^G f o r  th e  whole p e r io d  o f time* A 

s im ila r  e f f e c t  was n o ted  in  th e  r e a c t io n  o f  th e se  c u l tu re s  on V ic to r ia  

b lu e  b u t t e r - f a t  ag a r imd th e  Tween ag a rs  (se© b e lo w ). Thus, a lthough 

th e  optimum tem peratu re  f o r  gro?rth o f th e se  t l ire e  organism s i s  37^G, 

th e  r a t e  o f  h y d ro ly s is  o f  t r ib u ty r in  and b u t t e r f a t  would appear to  be 

in c re a se d  a t  low er tem p era tu res .

The G .bovis i s o l a t e s  grew lu x u r ia n t ly  on Tween 20 ag ar and iW en 

80 ag a r and produced b road  zones o f p r e c ip i ta t io n  (up to  3 mm %'d.de 

a f t e r  4  days a t  37^0, and ex tend ing  to  1 cm wide a f t e r  1 week). Ho 

growth was o b ta in ed  on Tween 40 agar and v ery  l i t t l e  was o b ta in ed  on 

Tween 60 agar* Six o f th e  e ig h t noo arM al i s o l a t e s  grew w e ll on a l l  

f e w  Tween ag a rs , p roducing  p r e c ip i ta t io n  on ly  on Tfmm  20 ag ar and 

Tween 40 a g a r; one s t r a i n  grew lu x u r ia n t ly  on Tween 40 ag ar and Tvmm 

60 agar w ith  zones o f p r e c ip i ta t io n  being  produced, b u t i t  f a i l e d  to  

grow on IVeen 20 ag a r at^d Tween 80 ag a r; th e  rem aining  s t r a i n  grew 

w e ll on Tween 20 ag a r and Tween 80 agar produoing zones o f p r e c ip i t a t io n  

b u t was unable to  grow on Tween 40 agar and Trmen 60 agar# A ll f iv e  

Micr pbaoterium  s t r a in s  grew w e ll on a l l  fo u r  media, w ith  zones o f



PLATE 2 , GROWTH AND REACTION OF CORÏNSBAGTERIUK ON

TRIBUTYRIN AGAR 

Inoubated  f o r  3 days a t  37^C, fo llo w e d  by  5 days a t  20®C

1 . C .b o v is  s t r a in  124

2 . C .b o v is  s t r a in  147

3 .  C .b o v is  s t r a in  159

4 .  C .b o v is  NCTC 3224

5 . C .x e r o s is  NCTC 7243

6 . C .x e r o s is  NCTC 9755
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p re o ip :l ta t  io n  #

Tho t j p i o a l  r é a c t io n s  o f  tho  i s o l a te s  and o f  th e  t^^pe cu ltu ro o  

a re  shown in  Table 8 . Tlie growth and ré a c t io n s  o f  two ty p ic a l  

Gebovis is o la te s *  fishovis HCTG ^2%  and th e  type  c u l tu re  o f  G.u lo e ran s  

on Tvmen 20 agar and Tween 80 agar are  shown in  P la te s  3 and

The iso la to B  (123 o f  th e  12? s t r a i n s  were te s te d )  a l l

grew w ell on b u tte r-^ fa t agar and were pigm ented w hite  (37 s tr a in s )»  

cream (37 s t r a in s )  o r even golden yellow  (49 s t r a i n s )  (P la te  3)* When 

th e  p la te s  were t r e a te d  w ith  s a tu ra te d  copper su lp h a te  s o lu t io n  63 

S‘fcroins gave vary ing  degrees o f  blue**green c o lo ra tio n  in d ic a t iv e  o f  

copper s a l t s  o f th e  f a t t y  a c id s  l ib e r a te d  by  îiy d ro ly s is  o f th e  b u tte r^ fa t»  

and 60 s t r a i n s  produced no r e a c t io n  (P la te  6 ) .  The depth  o f  

p l#3 ien tation  seemed to  be c o r r e la te d  w ith  la c k  o f r e a c t io n  as  in d ic a te d  

by th e  copper su lp h a te  tre a tm e n t (Table 9)#

m  C.BOVIS ISOLATES

F3.gffientation Nuisber o f  s tr s d n s  g iv in g  r e a c t io n  in d ic a te d T o ta l ntm ber 
o f  s t r a in s

Yellow
Cream
V/hite

0
13
30

9
7
4

40
17

49
37
37

T o ta l
number o f  
s t r a in s

20 60

N ote: -f'î*» b a c t e r i a l  growth s ta in e d  deep ly  when t r e a t e d  t i l th  CuSO.
s o lu t io n ;  b a c te r ia l  grotrbh l i g h t l y  s ta in e d  when t r e a te d  
w ith  GuSO  ̂ s o lu t io n ;  no r e a c t io n  w ith  CuSÔ  s o lu t io n .



PLAIE 3 .  &ROV.IH AND REACTION OF CORÏNLB/.CTKRmM ON
TNSm  20 AGAR

1 . s t r a in  124

2 . C .b o v is  s t r a in  147

3 .  C .b oT is NCTC 3224

4« C .u lo era n s NCTC 7910



PLATS L .  &P.OBTH AND REACTION OF COHYIISBACTSRIUM ON

TVŒSN 80 AGAR

1 . C .b ov io  s t r a in  124

2 . C .b oT ls s t r a in  147

3 .  C .boT ls NCTC 3224

4« C .u lo e r a n s  NCTC 7910



PLATE 5 .  GROWTH OF CORTMEBACTERHW OK BOTTEB-FAT AGAR
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1 . C .b o v ls  s t r a in  124.

2 . C .b o v ls  s t r a in  159

5 .  C .b o v ls  s t r a in  145

4 .  C .b o v ls  s t r a in  147

5 . C .x e r o s is  NCTC 7243

6 .  C. d ip h th e r ia e  NCTC 3985



PLAIS 6 .  REACTION 0? CORYNSBACTERHJM ON BUTTKR-FAI AGAR 

USING COPPER SULHIATE SOLDTION

l.i&

1 . C .boTla s t r a in  124

2 . C .b o v ls  s t r a in  159 

3» C .b o v ls  s t r a in  145

4 .  C .b ov ia  s t r a in  147  

5# C .x e r o s is  NCTC 7243

6 .  C .d ip h th e r ia s  NCTC 3985



The " n o o a N la l"  s t r a i n s  grmv p o o rly  on b u tto r-* fa t a g a r , and 

produced no r s a o t io n  as detorin ined by copper su lp h a te  so lu tio n #

The M iorobaqterium  s t r a i n s  s i i id la r ly  produced no r e a c t io n  b u t gave
<W.rJpi %W## W ' V A  W

abuncUui'b grovrbh on th e  medium*

1̂11 th e  tyi)e c u l tu re s  o f  Coïynobacterium  t e s t e d  (O.pyogenos 

and £*oy^q, were n o t t e s te d )  gave good grovrbh on b u t t e r - f a t  agar*

In  th e  ca se  o f  MGTG 7% 3 th e

b a c t e r i a l  growth was deep ly  s ta in e d  by  tre a tm e n t vrith copper 

su ln h a ttu  v/hereas G*flavldum. 0*d ip h th e r ia e . G +renalc. C .u lo eran s 

and G.xe rp s i s  NCTC 9735 gave no r e a c t io n .  The two ty p e  oultu ï^es o f 

lacfeop^i grow v e iy  p o o rly  on b u t t e r - f a t  ag a r, 7/ i t h  

no r e a c t io n  when t r e a t e d  w ith  copper su lp h a te  s o lu t io n .

Growbh and r e a c t io n s  on Vic to r i a ,  b lu e  niarga.r3.ne a ^ a r  and Victoria  

b lite  b u t t e r - f a t  ag a r

The miqunt o f  c^*owth o f  th e  C .bovi8 i s o l a t e s  o b ta in ed  on V ic to r ia  

b lu e  margar3.ne ag a r was orbrem ely  sm all and a  v e ry  heavy anooulum was 

r e q u ire d  to  o b ta in  m oderate growth# The b a c t e r i a l  grovrbh \mvi.u/mXly 

co lo u red  b lu e ,  su g g estin g  h y d ro ly s is  o f  th e  f a t ,  a lth o u g h  no b lu e  

sones were produced# When serum was added to  t l i i s  medium, th e  amount 

o f  groY/th o b ta in e d  was com parable w ith  th a t  obtrjiined on th e  u su a l 

seruîïi a g a r , b u t  because o f  th e  a d d it io n  o f  th e  serum , c o lo u r  changes 

occurm ng  in  th e  medium v/ero n o t in d ic a t iv e  o f  l i p o l y s i s  a lo n e , 

b u t cou ld  be caused  f o r  example by  a c id  p ro d u c tio n  from  th e  

ca rb o h y d ra tes  p re s e n t in  th e  medium# The “nocardial** i s o l a t e s  

and M orpbac terlup i i s o l a t e s  grow somewhat b o t t e r  on V ic to r ia  b lu e  

m argarine a g a r , a lth o u g h  n o t growing as  abundan tly  a s  on serum
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ag ar o r egg-yo lk  ag a r, f o r  example# The grovrth o f th e  ”nooard iaL ‘* 

i s o l a t e s  was co lo u red  b lu e , su g g estin g  l i p o l y s i s  o f th e  m arg a rin e , 

a lthough  no b lu e  sones were produced around th e  b a c t e r i a l  grovrth, 

whereas th e  i s o l a t e s  o f  M orobacterium  e x h ib ite d  no b lu e  co lo ra tio n *

The type  c u l tu re s  o f  C .hofm annii, C .b o v ls . G. ze ro  s i s  NCTC 72it3* WI i www«w»*weùtipwt̂  ^

and 0 .renal©  re q u ire d  a  heavy inoculum to  o b ta in  on ly  very  s l i g h t  

gro'trth, b u t  th e  b a c t e r i a l  growth was co lo u red  b lu e  (no zo n a tio n  

o ccu rrin g )*  These o u ltu re s  grev/ b e t to r  when serum ims in c o rp o ra te d  

i n  th e  medium* The ty p e  c u l tu re s  o f  C.pyo^^e-nee ;md G .ovis were 

unable to  grow a t  a l l  on t h i s  medium, even when serum was in c o rp o ra te d . 

,G.p[erqsi8 KGTO 9753 grow m odera te ly  w e ll on th e  medium w ith o u t th e  

need f o r  th e  a d d i t io n  o f  scrum, b u t no co lo u r r e a c t io n  was produced. 

Both ty p e  c u l tu re s  o f  M crobacterium  la c tlc u m  grew w a ll on V ic to r ia  

b lu e  m arga iine  ag a r, w ith  no co lo u r  re a c tio n *

The us© o f  V ic to r ia  b lu e  b u t t e r - f a t  agar p roved d : l f f ic u l t  as 

th e re  was a  tendency f o r  th e  medium to  tu rn  b lu e  sp o n taneously . T his 

tendency  i s  th e  reaso n  f o r  V ic to r ia  b lu e  m argarine a g a r b e in g  p r e f e r r e d  

by many w orkers. In  a d d i t io n  to  u sing  v a r io u s  ty p es  o f  b u t t e r ,  a 

nuaiber o f  m o d if ic a tio n s  i n  th e  medium were t r i e d  in v o lv in g  a l t e r a t i o n s  

in  th e  pH o f  th e  b a s a l  medium, a l t e r a t i o n s  in  th e  amount o f V ic to r ia  

b lu e  in c o rp o ra te d  and in  i t s  method o f  in o o rp o ra tio n . E ventual],y  a, 

s u i ta b le  medium was p rep a red  accord ing  to  th e  s ta n d a rd  method a lre a d y  

n o ted , u s in g  a s  th e  source  o f b u t t e r - f a t  an u n sa lte d  Normandy b u t t e r .  

This medium v/as b lu e  when th© %)lates were f i r s t  p rep a re d  b u t  a f t e r  

s to ra g e  a t  room te ii^ e ra tu re  f o r  on© week (w ith  th e  p la t e s  b e in g  s to re d  

in  s e a le d  p o ly th en e  bags to  p rev en t ex cess iv e  d e s ic c a t io n )  th e  medium
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became pinkish-m auve i n  colour* I f  in o c u la te d  a t  t h i s  s ta g e , 

l i p o l y s i s  could  be d e te c te d  by the  u su a l development o f a b lu e  

c o lo ra t io n  o f th e  b a c t e r i a l  grow th, an d /o r th e  development o f  b lu e  

zones around th e  c o lo n ie s .

T W rty  o f  the  87 C .bovia i s o la te s  te s te d  grew only  s p a rs e ly  on 

V ic to r ia  b lu e  b u t t e r - f a t  ag a r, b u t a l l  o f th e se  s t r a in s  im re 

co lou red  s l i g h t ly  b lu e  and fo u r  o f  the  s t r a in s  produced v ery  narrow 

b lue  zones i n  th e  medium around the  b a c te r ia ] , grovith# F i f ty  s t r a in s  

grew m odera te ly  w e ll on th i s  medium, 10 s t r a in s  producing very  

narrow  b lu e  zones i n  th e  medium in  a d d itio n  to  th e  b a c t e r i a l  growth 

be in g  co lo u red  deep b lu e , seven s t r a in s  g iv in g  growth th a t  was doop 

b lu e  b u t producing  no so n a tio n  (P la to  7 ) .  I n te n s i f ic a t io n  o f th e  

co lo u r r e a c t io n  was n o ted  when the  p la te s  were in cu b a ted  f o r  3 days 

a t  37^0 fo llow ed  by in c u b a tio n  f o r  3 days a t  20^C (P la te  8 ) . The 

growths o f  th e  rem aining 32 s t r a in s  were c o lo w e d  s l i g h t ly  blue*

Seven s t r a i n s  were in c ap ab le  o f growth on t h i s  medium*

A ll e ig h t " n o c a rd ia l” s t r a in s  grew m oderately  w e ll on V ic to r ia  

b lu e  b u t t e r - f a t  ag a r, s ix  producing grovrth th a t  was co loured  s l i g h t ly  

blueÿi th e  remaiariing two s t r a i n s  producing no reac tio n *

The f iv e  i s o l a t e s  o f I^Lorobaoterlum grew m oderately  w e ll on 

V ic to r ia  b lu e  b u t t e r - f a t  ag a r b u t w ith  no in d ic a t io n  o f  l i p o l y s i s .

The two type c u l tu re s  o f  G » x e ro s is  grew ex trem ely  w e ll on 

V ic to r ia  b lu e  b u t t e r - f a t  ag a r, G .x ero sis  HGTC 7243 producing  no 

r e a c t io n ,  and th e  growth o f  G.xeamsis NCTC 9755 b e in g  co lo u red  

s l i g h t ly  blue* The type c u l tu re s  o f C.bovls.. and G .renal#  gave



PLATE 7 .  GROCTH AND RE/iCTI0N3 OF CDRTNEBACTKRIUM ON 

VICTORIA BLUE BUTT£R-FAT AGAR 

In cu b ated  f o r  3 days a t  37^C

1 . C .b o v ls  s t r a in  124

2 . C .b o v ls  s t r a in  147

3 . C .b o v ls  s t r a in  159

4 .  C .b o v ls  NCTC 3224

5 . C .x e r o s i s  NCTC 7243

6 .  C .x B ro sls  NCTC 9755

/



PLATE 8. GROV^TH AND REACTIONS OF CQRYNEBACTERIUM CW 
VICTORIA BLUE BUTTBR-FAT AGAR 

Inoubated f o r  3 days at 37^C, followed b y  3 days at 20°C .

1 . C.bovls strain 124

2 . C.bovls strain 147

3 . C.bovls strain 159

4 . C.bovls NCTC 3224

5 . C.xerosis NCTC 7243

6. C.xerosis NCTC 9755



m oderately  good growth on t h i s  medluifl, th e  {growth o f C .bov ls b e in g  

oo lourod  s l i g h t ly  b3.ue, and Ĉ .r©nalo produoing no r e a c t io n .  

O .ulcoraxis HCTC 7910 grew o n ly  s p a rse ly  and showed no ev idence o f  

l i p o l y s i s .  The ty p e  c u l tu re s  o f  C .hofm annii and M crobacterium  

lao ticu m  were im able to  grow on V ic to r ia  b lu e  b u t t e r - f a t  a g a r.
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D iscussion  mid Conoluaions

The i s o l a t e s  o f  C .bovls produced p o s i t iv e  r e a c t io n s  i n  a  niniber 

o f  b iochem ica l t e s t  m edia, in  c o n tr a s t  to  th e  u su a l d e s o r ip t io n s  o f  

th e  biooheio ioal i n a c t i v i t y  o f  t h i s  organism* For example, th e  i s o l a t e s  

produced s u f f i c i e n t  a c id  from g luoose , lY uotose and g ly c e ro l i n  i ü s s ’s 

serum w ater to  cause c o a g u la tio n  o f th e  medium (T able 4)# Acid 

p ro d u c tio n  was most r a p id  when f ru c to s e  was th e  s u b s t ra te  w ith  th e  

m a jo r i ty  o f  s t r a i n s  p roducing  co a g u la tio n  o f th e  medium w ith in  3 days 

when in o u b a ted  a t  37^0. Acid was produced by  more th a n  8 0 / o f  th e  s t r a i n s  

from a ra b in o se , s y lo s e , rham nose, m ann ito l and s o rb ito l*  Many o f th e  

i s o l a t e s  a lso  produced a c id  from  g a lao to se  and m a lto se . 'The ty p e  

c u l tu r e ,  C .bftvis NCTC 32% , d i f f e r e d  from th e  i s o l a t e s  in  i t s  i n a b i l i t y  

to  produce a c id  from g ly c e ro l ,  b u t o therw ise  th e  r e a c t io n s  i n  H is s 's  

serum w ater were v ery  s im ila r*  Thus C.boyis* in  common v d th  o th e r  

an im a3»-parasitio  co ry n eb a o te ria  (w ith  th e  ex c ep tio n  o f C .hofm annii) .  

i s  q u ite  a c t iv e  a g a in s t  ca rb o h y d ra tes  p ro v id ed  t h a t  H is s 's  serum w ate r 

and n o t pep tone w ate r i s  u sed  a s  th e  b a s a l  medium.

Although a se rum -con ta in ing  medium has been  r e g u la r ly  employed in  

th e  p a s t  i n  th e  exam ination  o f th e  b iochem ical r e a c t io n s  o f  C. d ip h th e r ia e # 

such use appears n o t to  have been g e n e ra lly  ex tended  to  s tu d ie s  o f 

C.bov ia .  Evans in  1916 n o ted  th e  enhancement o f  grow th o f  B a c i l lus 

a b o r tu s  v a r . l in o lv t ic u a  (o r Bacterium  l in o lv tio u m >now reg a rd ed  as 

b e in g  synonymous w ith  C .bov ls) by th e  a d d i t io n  o f  serum to  th e  medium* 

N ev e rth e le ss  h e r  f in d in g  t h a t  t h i s  organism  produced no a c id  from 

ca rb o h y d ra tes  su g g ests  th a t  f o r  th e  d e te rm in a tio n  o f b io ch em ica l 

r e a c t io n s  she used  b a s a l  media c o n ta in in g  no serum , s in c e  i n  th e  p re s e n t
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work i t  was foimd th a t  th e  type  c u ltu re  G .hovis NCTC 32% , which i s  

one o f E vans'a  s t r a in s  o f  Bacterium  lin o lv tic u m * produced a c id  from a 

number o f ca rbohydra tes (Soe Table 6 ) . Black (19M ) and B re iu lla u d  

and M o h e l (1962) have a ls o  re p o r te d  C .bovls to  be in a c t iv e  a g a in s t 

carbohydrates*  The **Tyjje A udder co ry n eb a o te r ia” o f  Bendixen (1933) 

and th e  s t r a i n s  o f  G .nseudodiphthericum  ty p e  1.1 o f  Ochi and Baizen 

(1940) were re p o r te d  by th o se  w orkers to  be in a c t iv e  a g a in s t  carbohydrates*  

Both o f  th o se  b a c te r i a l  ty p es  appear to  have been id e n t ic a l  w ith  C .bovls 

in  t h e i r  c u l tu r a l  and g ro ss m orphological c h a r a c te r i s t i c s  a s  w e ll as in  

t h e i r  n a tu r a l  h a b i t a t |  indeed , Ochi co n s id e rs  (K atsube, 1964, p e rso n a l 

0ommmTdcation) C .bovia to  be one member o f  th e  more w idely  d efin ed  

sp e c ie s  C*paeudodiphtherioum  I’ypo II*

A ll th e  r e p o r ts  o r  d e s c r ip t io n s  o f  C .bovia in  which i t  i s  s ta te d  

to  be in cap ab le  o f producing a c id  from ca rbohydra tes a re  c h a ra c te r iz e d  

by e i th e r  a la c k  o f in fo rm atio n  concerning th e  b a s a l  medium used , o r  by 

th e  use o f b a s a l  media such as  n u t r ie n t  b ro th  o r peptone w ater w ith  no 

supplem entation  by th e  a d d it io n  o f serum or o th e r  grovrfch-promoting 

substances* U n fo rtu n a te ly  r e p o r ts  o f t i i i s  type  appear to  have been th e  

c h ie f  sources f o r  such works o f re fe re n c e  as th o se  o f  Breed and 

co lleag u es  (1957) and Cowan & S te e l (1965)# There a re  two main ty p es  o f 

b iochem ical t e s t s  î those  which re q u ire  growth o f th e  organism s b e fo re  a 

r e a c t io n  can be d e te c te d , and th o se  c a r r ie d  o u t on r e s t i n g ,  non-growing 

o r n o n -rep roduc ing . c e lls*  Most o f  th e  bioohom ioal t e s t s  r o u t in e ly  

employed a re  o f  th e  f i r s t  type and such t e s t s  obv iously  n e o e s s i ta te  th e  

use o f  b a s a l  media capable o f  su p p o rtin g  th e  growth o f  th e  organism s
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b ein g  examined* N ev erth e less  in  th e  p a s t  th e  bioohom ioal o h a r a o te r is t ic s  

o f C.boviB would appear to  have been determ ined w ith  in ad eq u a te  b a s a l  

m edia. The r e s u l t s  given h e re , to g e th e r  v/ith  th e  p u b lish ed  r e p o r ts  

(Gobb and WaMey, 1962; Cobb 1963, 1966) o f in v e s t ig a t io n s  on C.b o v ls  

which were c a r r ie d  o u t s im u ltaneously  w ith  the  p re se n t vrork, p re se n t 

overwhelming evidence o f th e  o a rb o h y d ra te -d isa im ila tin g  powers o f  C .bovls 

when s u i ta b le  media a re  employed. T his i s  adeq u ate ly  confirm ed by th e  

f in d in g  o f  Jayne-W illiam s and ^erm aïi (1966) th a t  r e s t in g  c e l l s  o f C .bovis 

e re  capab le o f producing a c id  from a number of ca rbohydrates when th e  

c e l l s  a re  suspended in  s u b s t ra te  s o lu t io n  co n ta in in g  a  pH in c llc a to r  and 

In cubated  f o r  up to  %  hours a t  37^0.

Another b iochem ical t o s t  i n  which C .bovis gave r a p id  and unequivocal 

r e s u l t s  was th a t  f o r  th e  h y d ro ly s is  o f urea* Only two o f th e  127 

i s o l a t e s  examined f a i l e d  to  hydro lyse u re a . In  t h i s  r e s p e c t  th ey  

d i f fe re d  from hV ans's s t r a i n  (NCTC 32% ) which is .  u rease  n e g a tiv e .

The reactions of Coryneb act or iujiti bo vis on the various media fo r

detecting lipo lysis  were in  some cases d iff ic u lt to  interpret* The

weakness of the reaction produced by C.bovis on tribu ty rin  agax* tlmt

was noted by Black (1941) appears to  be due to the inhibitory  effec t of

t r l b u ty r in  s in ce  th e  a d d itio n  o f  serum caused l i t t l e  i f  any in c re a s e  i n

the amount of growth obtained* Use of very heavy inoo^ila increased

sligh tly  the amount of clearing obtained. This suggests tha t C.bovis can

px*oduce a lipase in  a suitable environment* I t  should be noted however

th a t  S ie rra , (19% ) re p o r te d  c le a r in g  o f  t r lb u ty r in  ag a r by a  p r o te o ly t ic  

enzyme. Although G .bovis has n o t boon dem onstratod to  produce a
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p r o te o ly t ic  enzyme, th e  use o f  t r l b u ty r in  ag a r a s  a  l i p o l y s i s  t e s t  

medium must now be questioned*

Tvjeen has f o r  lo n g  been commonly reg a rd ed  a s  a  u s e fu l  s u b s t r a te  f o r  

dem onstra ting  l ip a s e .  A rch iba ld  (1946) reoonanendod th e  use o f  Tween 20 

f o r  th e  d e te rm in a tio n  o f  l ip a s e  a c t i v i t y ,  because i t  was ’’soluble** and 

th e  ©nsyme mid s u b s t ra te  would th e re fo re  be i n  th e  same phase whereas 

when em ulsions o f  t r ig ly c e r id e s  e t c .  were used  th e  s u b s t r a te  and th e  

enzyme were i n  d i f f e r e n t  p h ases . S ie r ra  (1957) ex tended  th e  use o f 

IVeon to  th e  dem onstra tion  o f  b a c te r i a l  enzyme systems# C .boyis grew 

w e ll  on Tvfoen 20 ag a r tmd on Tfmen 80 a g a r, w ith  th e  p ro d u c tio n  o f  th e  

zones o f  p r e c ip i t a t io n  reg a rd ed  by S ie r ra  (1957) a s  in d ic a t iv e  o f 

l i p o l y s i s .  T h is in te r j j r e ta t io n  i s ,  however, open to  q u e s tio n . The 

c u r re n t nom enclature (Recommendations, 1965) f o r  enzyme re a c t io n s  

in v o lv in g  noncho line  o a rb o ay lio  e s t e r s ,  d e f in e s  a  l ip a s e  (}5nsyme 

Commission nuraber 3*1* 1*3) a s  cm enzyme t h a t  a c t s  on w a te r- in so lu b le  

e s te r s  o r  f a t s  a t  th e  e s te r /w a te r  in te r f a c e  in  em u lsions. I t  has been 

p o in te d  o u t (Sarda and D esnuello , 1958; D csn u e lle , 19&1; D esnuelle  and 

Savory, 1963) t h a t  a  s u b s t r a te  in te n d ed  f o r  th e  d e te c t io n  o f  l ip a s e  

must th e ro fo ro  form  an em ulsion in  w ate r and n o t a s o lu t io n .  W ater 

so lu b le  s u b s t r a te s  ( e .g .  ^ - n i t r o p h e n y l  a c e ta te )  have been u sed  i n  

te ch n iq u e s  in te n d e d  to  d e te c t  l ip a s e  a c t i v i t y  b u t th e s e  a re  t y p i c a l ly  

s u b s t r a te s  f o r  e s te r a s e s  and may h o t bo a c te d  upon by l ip a s e  (D esn u e lle , 

1961) .  Although th e  polyosqyethylene s o rb ita n  f a t t y  a c id  e s t e r s  (Tween) 

form “s o lu t io n s ” in  w ate r th a t  e sd iib it some o f th e  p r o p e r t ie s  o f  

c o l lo id s  e .g .  e x h ib it in g  a  T yndall cone e f f e c t  when i l lu m in a te d  w ith  a  

s u i ta b le  l i g h t  so u rce , th e s e  s u b s t r a te s  can be a c te d  upon by ca rb o x y l-



e s te r a s e s  a s  v /e ll as by l ip a s e s  (Seligman and N achlas, 1950).

The in t e r p r e t a t i o n  o f  ensyBdo a c tio n  on Tweens th u s  depends upon 

th e  ex ac t ph y sico -ch em ica l n a tu re  o f  aqueous d is p e rs io n s  o r  s o lu t io n ^ .

A t r u e  l ip a s e  would on ly  be a c t iv a te d  by being  adsorbed  on to  i t s  

s u b s t r a te  a t  th e  w a te r /s u b s tr a te  in te r f a c e .  Docs such an in te r f a c e ,  

t h a t  i s  one cap ab le  o f  causing  a c t iv a t io n  o f a l i p a s e ,  e x i s t  in  aqueous 

s o lu t io n s  o f  fîTcen?

A n o n -io n ic  s u r fa c e -a c t iv e  ag en t u s u a lly  c o n s is ts  o f  a  w ator- 

in s o lu b le  l ip o p h i l i c  compound which i s  made w a te r-s o lu b le  by th e  

in tro d u c t io n  o f  etl^ylone e th e r  groups in to  th e  congppimd (Schwartz and 

P e rry , 1949)# The g r e a te r  th e  number o f  e th y len e  e th e r  groups th e  more 

h y d ro p h ilic  th e  p ro d u c t becomes, u n t i l ,  w ith  th e  in c lu s io n  o f  12-15 

e th y len e  o th e r  groups p e r  m olecule, the  compound becomes com plete ly  

w a te r - s o lu b le . Tweens a re  f a t t y  a c id  e s te r s  o f  a n h y d ro so rb ito ls  which 

have been  so lx ib iliz ed  by  e th e r i fy in g  th e  f r e e  hydroxyl groups vd th  

e th y len e  o x id e . When a  n o n -io n ic  s u r fa c e -a c t iv e  agen t such as  a  Tiveen 

i s  d is s o lv e d  i n  w ate r, m ic e lle s  a re  formed v;hen th e  c o n c e n tra tio n  

exceeds th e  c r i t io o ] .  m ic e lle  c o n c e n tra tio n  (CMG) f o r  th e  s p e c if ic  

s u r fa c ta n t*  The CMC f o r  most n o n -io n ic  s u r fa c e -a c t iv e  ag e n ts  l i e s  

betv/eon 0.0025 and 0 .0 2 5 /  (Beoher, 1959; Schw artz, F e rry  and Beroh, 

1958) and th e  CMG o f  Tween 20 was found by  Becher (1959) to  bo 0 .015 /#  

I f  th e  CMC o f  Tvreen 80 wore s im ila r  to  th a t  o f  Tween 20, b o th  would be 

w e ll below  th e  c o n c e n tra tio n  o f  Tweens used  i n  Tv/een a g a r . The tv/o 

main ty p e s  o f  m ic e lle  form ed by n o n -io n ic  s u r f a c ta n ts  a re  th e  s p h e r ic a l  

and la m e l la r ,  b u t th e re  have a lso  been r e p o r ts  o f  double la y e r  m ic e lle s  

and ro d -shaped  m ic e lle s  (Schwartz e t  a l ,  1958). I t  i s  obvious t h a t
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such m ic e lle s  a re  g r e a t ly  d i f f e r e n t  froBi th e  g lo b u le s  o f  th e  i n t e r n a l  

phase o f  an  em ulsion (one d if fe re n c e  b e in g  th e  p resen ce  o f  w a te r  

v ^ th in  th e  m ic e l le ) ,  snd i t  i s  d i f f i c u l t  to  p r e d ic t  w hether th e  

phyfôicoohojmioal c h a r a c te r i s t i c s  o f  a  m io o lla r  system  a re  such a s  to  

a llov ; o f  a c t iv a t io n  o f  a  l i p a s e .  F u rth e r  re s e a rc h  i s  r e q u ire d  in to  

th e  c h a r a c te r i s t i c s  o f  th e  m ic e lle s  o f  Tween and t h e i r  e f f e c t  upon 

pure  p re p a ra t io n s  o f l ip a s e s  and e s te ra se s*  One o f  th e  most u s e fu l  

te ch n iq u es  a v a ila b le  f o r  o b ta in in g  homogeneous enzyme p re p a ra t io n s  i s  

zone e le c t ro p h o re s is  and s ta r c h  g e l  and po lyacry lam ide  g e l  e le c t r o 

p h o re s is  have been  used  in  t i l l s  in v e s t ig a t io n  (see  S ec tio n  P) i n  an 

endeavour to  e lu c id a te  th o se  r e a c t io n s  w ith  r e s p e c t  to  C .bov is.

In  th e  absence o f  .th e  n e c e ssa ry  d e ta i le d  knowledge o f th e  m io e lla r  

s t r u c tu r e  o f  Tweens and t h e i r  e f f e c t  upon th e  h y d ro ly t ic  enzymes, a  

number o f  c o n f l ic t in g  prem ises have been mad© by  v a r io u s  w orkers, and 

th e  s i t u a t io n  has been  f u r th e r  aggravated  by  th e  d3.ff© rent dofinâ-tiono 

o f l ip a s e s  and e s te r a s e s  th a t  have been employed.

For example, Gomori (1952) suggested  th a t  Tx?e©n 20, Tvveen 40 and 

Tween 6o were g e n e ra l substi^a tes f o r  l ip a s e  and f o r  c a rb o x y le s te ra se  

whereas th e  u n s a tu ra te d  Tween 80 was a  s u b s t ra te  s p e c i f ic  to  l i p a s e ,  

a lth o u g h  th e  c h a r a c te r i s t i c s  o f  lipaa©  and e s te r a s e  l i s t e d  by  Gomori 

(some o f  wlü.oh a re  shown i n  Table 30 o f  S ec tio n  F) d id  n o t le n d  su p p o rt 

to  h is  su g g e s tio n s . On th e  o th e r  hand, Desnuell© and Savary (1963) 

co n s id e red  th e  Tweens to  be  p rob ab ly  s u b s t r a te s  f o r  e s te r a s e  r a th e r  

th a n  f o r  l ip a s e  .. The r e a c t io n  produced by G.b p v ia  on Tween 20 ag a r  

and Tv/een 80 ag a r th e re fo re  need not n e c e s s a r i ly  be incU .oative o f  mi
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enzyme capab le  o f  h y d ro ly s in g  i@ %lyoerides o f  lo n g  ch a in  f a t t y  aoids#

B u t te r - f a t  ag a r  su p p o rted  good growth o f G,&l^pyi8. w ith  63 o f  

th e  123 s t r a i n s  t e s t e d  p roducing  some degree o f  c o lo u r  r e a c t io n  when 

t r e a t e d  w ith  s a tu r a te d  copper su lp h a te  s o lu t io n  a f t e r  in cu b a tio n *  The 

growth o f th e  C .bpyla. i s o l a t e s  on b u t t e r - f a t  ag a r was c h a ra c te r i s e d  by  

pigm ent fo rm a tio n , th e  (n o n d if fu s ib le ) pigm ent b e in g  w h ite , cream o r 

y e llow . T h is c o n tra s te d  sh a rp ly  w ith  th e  growth o f  G .bpyis on a l l  

o th e r  media used  i n  t h i s  in v e s t ig a t io n ,  i n  which th e  c o lo n ie s  o r  growth 

o f  a l l  th e  i s o l a t e s  were alxmys g re y ish  i n  colour* There appeared  to  

be  a  c o r r e la t io n  between th e  p ig m en ta tio n  and th e  copper su lp h a te  

r e a c t io n  (Table 9 ) ,  most o f  th e  yellow ^pigm ented s t r a i n s . g iv in g  no 

co lo u r r e a c t io n  w ith  th e  copper su lphate*  No zones o f  c o lo u r  r e a c t io n  

developed in  th e  medium su rround ing  th e  b a c te r ia l ,  grow th, b u t such 

zones were n o t p a r t i c u l a r ly  e v id e n t w ith  l i p o l y t i c  t e s t  o a l tu re s  

(Pseudomonas f lu o re a cena* A lo a ll^en es  v is o o la c t is? and Aohrom obaoterniw.jWiiĵ t8Wtn m n>»T<«in<ini>wnwgty «m «wWgmimiMimW u ii" » I'H ni.»  w i—nm aummiwi><ii.i«tf * wiwW«»»WNWiwiww»lw*wwn<f*f»

la o tic u m )*

V ic to r ia  b lu e  m argarine ag a r proved to  be u n s u ita b le  f o r  th e  grovrbh 

o f th e  is o la te s *  With very  heavy inoculât i t  was p o s s ib le  to  o b ta in  

s l i g ï i t  r e a c t io n s .  The u n s u i t a b i l i t y  o f  th e  medium was due to  n u t r i t i o n a l  

d e f ic ie n c y  i n  th e  m argarine  (o r  an in h ib i to r y  e f f e c t  o f  th e  m argarine 

capab le  o f b e in g  n e u t r a l iz e d  by th e  a d d i t io n  o f  sor#%,) r a th e r  th a n  to  an 

a c tu a l  in h ib i to r y  e f f e c t  o f  th e  V ic to r ia  b lu e , s in ce  m oderato3y good 

growth o f  th e  i s o l a t e s  occu rred  on V ic to r ia  b lu e  m argarine serum ag ar 

and on V ic to r ia  b lu e  b u t t e r - f a t  agar* The b a c t e r i a l  grow ths on b o th  

media v /ithou t serum were co lo u red  b lu e , su g g e s tin g  t h a t  Ixydro lysis o f



th o  f a t  had tak en  p la o e . No zones o f  hycli^oXysis ooourrod on V ic to r ia  

b lu e  mai^garine agor* Only 10 s t r a i n s  produced zones on th e  V ic to r ia  b lu e  

b u t t e r - f a t  a g a r . These zonas xvere so narrow  th a t  i t  i s  p o s s ib le  t h a t  th ey  

were i l l u s o r y  and due to  th e  i l l - d e f i n e d  boundm y betw een th e  edge o f  th e  

b a c te x 'ia l  growth and th e  c o a rs e ly -s u r fa c e d  opaque medium, s in c e  i t  was 

foim d im p o ssib le  to  remove th e  b a c t e r i a l  growth from  th e  s u rfa c e  o f  th e  

med1.um w ith o u t rem oving th e  b lu e  co lo u red  medium#

The b ioohem ioal c h a r a c t e r i s t i c s  o f  th e  a n im a l-p a ra s i t ic  o o ry n eb a c te ria  

accord ing  to  Beirgey\s Manual (Brood g3j, 1957) a re  shovm in  Table 10, and 

tho  b iochem ica l c h a r a c te r i s t i c s  o f  th e  cm im a l-p a ra s itio  co ry n e b a o te r ia  

te s te d  by Gowan and S te e l  (1965) a rc  g iven  i n  Table 11#

The c h a x 'a c te r ls t io s  o f  th e  i s o l a t e s  o f  C .bov is found in  th e  p re s e n t  

work to  be co m p ara tiv e ly  c o n s ta n t ( r e a c t io n s  o b ta in ed  w ith  8 0 / o r  more o f  

th e  s t r a i n s )  were th e  a b i l i t y  to  produce a c id  from  g lu c o se , f ru c to s e  and 

g ly c e ro l ;  s l i g h t  a c id  p ro d u c tio n  from a ra b in o se , x y lo se , rliamnosc, 

m ann ito l and s o r b i to l ;  no a c id  p ro d u c tio n  o ccu rred  w ith  la c to s e ,  sucrose  

o r  s a l i c i n .  S ta rch  Y/as n o t h y d ro ly sed . Urea was h y d ro ly sed . Growth 

ooomTod on serum a g a r , egg-yo lk  a g a r , Tween 20 a g a r . Tween 80 a g a r, and 

b u t t e r - f a t  a g a r, w ith  evidence o f  h y d ro ly s is  o f  th e  s u b s t r a te  i n  th e  l a s t  

th r e e  m edia. C a ta la so  was produced . G e la tin  was n o t l iq u e f ie d *  Ho 

groiTth u s u a lly  o ccu rred  i n  l i tm u s  skim milk* N i t r i t e  was n o t produced 

from n i t r a t e *  hydrogen su lp h id e  was n o t produced. In d o le  was n o t 

produced* Ho haem olysis o ccu rred  on b lood  agfir*

Those c h o x 'a c te r is t ic s  wore u n lik e  th o se  o f  th e  organism s d e sc rib ed  

by Breed mid c o lle a g u e s  (l9 5 7 ){ ‘f^ b lo  10) o r  by  Cowan and S te e l  (I96g)

(Table 11 ), p ro b ab ly  due to  th e  use o f  u n su ita b le  media by th e  w orkers on
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whoae re su lt©  th e i r  desorlptiOB© were baaed* The r é a c t io n s  o f  C.boviaW»IR3W*i*iyi!W5fl#9llFi5?

KCTG 32%. obtained in  th is  work were very aimiXax* to  those of the 

isolates* the outstanding differences being the in a b ility  of C.bovis 

NCTC 32% to produce aoid from glycerol or to  hydrolyse urea, and i t s  

a b ility  to produce sligh t aoM from lactose.

M ight (1955) suggested tha t nu tritional oharaotoristios i f  

su ffic ien tly  constant could be as important in  delineating species as 

the morphological and biochemical oharaoteristics more usually employed* 

OKÜy th e  type cu3.tures o f  £*&ovij, and g sM S S ^A  e x h ib ite d

a requix'oment fo r serum, egg-yolk or Tifoen, in  common v/ith the Q.bov̂ la 

i s o l a t e s .  COTsaeëaoterjHta and eo n a id e rab ly

d i f f e r e n t  from  th e  G jbgvi^ i s o l a t e s  and Cgbgvig, NCTC 32%  in  t h e i r  

biochemical characteristics*

The Iso lates obtained in  th is  work therefore form a homogeneous 

group correctly designated as G.bovls Bergey g t 1923,in  spite of 

the apparent discrepancies ûm the biochemical reactions compared with 

those described by Breed and colleagues (1957)* Although Jayne-Mlliama 

& Skerman (I966) iso la ted  organisms corresponding to  0* ulcer ans from the 

bovine udder, none of the iso la tes  in the present work corresponded 

with G.ulcerous (typically  staroh-îiydcolysing, urea-hydrolyslng, gelatin* 

liquei'ying, haomaXytic) or with the atypical s tra ins of £.ulcerana 

reported by Jcbb and Martin (1965) one of i?hich was unable to produce 

acid from starch and the other unable to hydrolyse urea.
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CTPB GÜLTUEISO fTABLE 12)

Key to  symbols used :

1 • .. o ^ l)0^ d r a t e s  mid s ta ro h  :

4-, pH 3 o r  low er produced ( t h i s  i s  fo llow ed  by th e  number o f  days 
in c u b a tio n  re q u ire d  f o r  pH to  be reached)#

pH o f  3*3 *» 7 produced*

- ,  no a o id  produced, no change in  pH*

OH, a lk a l in e  reac tio n *

* * ., n o t t e s te d .

2* 4*+, good grow th; m oderate growth; j ,  s l i g h t  grow th;

(4*)» groivth on ly  in  th e  reg io n  o f  a  heavy inoculum ;

- ,  no grow th; * ,* , n o t te s ted *

3* 'H', s tro n g  r e a c t io n  o r  b road  and d i s t i n c t  bands;

4, m oderate r e a c t io n  o r  narrow bands;

4;, s l i g h t  r e a c t io n ;  (+ ), s l i g h t  r e a c t io n  o r  o cc u rrin g  only  in  
th e  re g io n  o f  th e  h e a v ie s t  inoculum ; - ,  no r e a c t io n ;  # * ., n o t 
te s ted *

i{,* Z, son© of co lo u r  r e a c t io n  in  the  modiuun surround ing  th e  b a c te r i a l  
grovrth;

•Î4*, deep co lo u r r e a c t io n  i n  th e  b a c te r i a l  grow th; +, moderate co lo u r 
r e a c t io n  in  th e  b a c te r i a l  growth;

4', s l i g h t  co lo u r r e a c t io n  in  th e  b a c te r i a l  grov/th; - ,  no r e a c t io n ;

**#, n o t te s ted *

3* "k4-, pronounced b lack en in g  o f  le a d  a c e ta te  p ap e r; +, m oderate
b lacken ing  o f  le a d  a c e ta te  p ap e r; 4̂ , s l i g h t  b lack en in g  o f  le a d  
a c e ta te  p ap e r; - ,  no rea c tio n *  *

* * *, n o t te s te d

6* i- o ran g e-red , b r ic k  re d  o r brown co lo u r rr ith  K e s s le r 's  re a g e n t;



•h, l i g h t  oronge o r  orange-yellow  co lo u r; - ,  no r e a c t io n ;  
n o t t e s te d .

7* 4, p o s i t iv e  r e a c t io n ;  - ,  no re a c t io n ;  n o t t e s te d .

8 . A, a o id  r e a c t io n ;  C, o lo t  o r  co a g u la tio n ; H, re d u c tio n  o f
litm u s  and lo s s  o f  co lo u r; G, gas produced; OH, a lk a l in e  

r e a c t io n .

9 . W, w h ite  pigm ent; G, cream pigm ent; Y, yellow  pigm ent; T, ta n
pigm ent; L, lemon pigment*
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BIQCmilGAL REACTIONS UF ISOLATES Aim 
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Eaaatlaâ
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TOKia^IOM  STUDIES 

In tro d u c tio n

Aa cliaousaod in  S ec tio n  C th e  in v e s t ig a t io n  in to  th e  c u l tu r a l  

o h a r a c te r ia t io a  o f  Corynebactorium  b o v is  in d ic a te d  t h a t  serum, egg- 

y o lk  o r  b u tte r -^ fa t  must be added to  a  b a s a l  n u t r i e n t  medium such as 

try p to s e  lemoo a g a r, f o r  grovrth to  occu r. The I n a b i l i t y  o f  th e  

organism  to  grow e i th e r  i n  try p to s e  lemco ag a r t o  which a c t iv a te d  

ch a rc o a l had been  added o r  i n  a n u t r ie n t  b ro th  (Fanmede b ro th )  to  

which album in had been added suggested  th a t  th e  a d d i t io n  o f serum e to .  

a c te d  by f u l f i l l i n g  a  n u t r i t i o n a l  requ irem en t r a t h e r  th an  by d e to x ify in g  

any f a t t y  a c id s  t h a t  be  p re s e n t  i n  th e  b a s a l  medium* ‘Bio growth 

o f  G .bovis on Tween 20 ag a r and Tiveen 80 ag ar was a  f u r th e r  in d ic a t io n  

t h a t  t h i s  req u irem en t may be f o r  a  f a t t y  acid*

T his req u irem en t presum ably cou ld  n o t be f u l f i l l e d  by th e  ca su a l 

p resen ce  o f  m inute t r a c e s  o f  f a t t y  a c id s  in  n u t r i e n t  media d e riv e d  from 

c o tto n  wool (P o llo ck , 1949; H art ^  a l , ,  1962) o r  from  meat e x t r a c t  o r  

peptone (P o llo ck  o t  ^ * ,  1949), s in c e  G .bovis co u ld  n o t grow i n  Panmede 

b ro th  to  which album in had been  added, a lthough  th e  Panmede l i v e r  d ig e s t  

p ro v id ed  a  b a lan ced  source o f  a l l  th e  B-group,' v ita m in s  and amino a c id s .  

A lbm iin does n o t p r o te c t  b a c te r ia  from th e  to x ic  e f f e c t s  o f f a t t y  a c id s  

by i r r e v e r s ib ly  b in d in g  th e  f a t t y  ao id , b u t r a th e r  by  keep ing  th e  f r e e  

f a t t y  a c id  c o n c e n tra tio n  below  th e  b a c te r io s t a t i c  l e v e l ,  th e  bound a c id  

c o n s t i tu t in g  a  re s e rv e  th a t  re p la c e s  th e  f a t t y  a c id  u t i l i s e d  by th e  

b a c te r ia  (Davis and Dubos, 1947# Johnson and Gory, 1963). The absence 

o f  growth by C .bov is on Tween 40 a g w  i s  f u r th e r  ev idence  th a t  i f



G .^ovls p o sses  sea  a  requ irem en t f o r  xm satu ra ted  f a t t y  a c id s ,  th e  f a t t y  

ao id s  in c id e n ta l ly  o cc u rr in g  in  n u t r i e n t  media a re  n o t a b le  to  s a t i s f y  

t i l l s  req u irem en t s in c e  Tvmen 40 has a ls o  been found capab le  o f  

det03d.f5dng u n s a tu ra te d  f a t t y  a c id s  (W illiam s e t  e l* .  1947)* The 

f a t t y  a o id  z^equifements o f  G orynobactcria  may v ary  from  th o se  o f  th e  

o le ic  a c id - re q u ir in g  d ip h th e ro id s  i s o la te d  by P o llo ck  and h is  c o lle a g u e s  

(1949) which o b ta in e d  s u f f i c ie n t  f r e e  f a t t y  a c id  from  th e  components 

o f  n u t r i e n t  ag a r to  bo ab le  to  grow on t h i s  medium w ith o u t su pp lem en ta tion , 

to  th o se  o f  th e  o o ry n cb ao te ria  d e sc rib ed  by  S i l l i k e r  and co-w orkers 

( 1963) which re q u ire d  h ig li c o n c e n tra tio n s  o f  u n s a tu ra te d  f a t t y  a c id s  and 

were a b le  to  grow p ro fu s e ly  i n  th e  p resen ce  o f  0*5 ^  1^ o le a te  w ith o u t 

th e  need f o r  d e to x if ic a t io n *  The c o ry n eb a c to ria  d e sc rib e d  by P o llo ck  

and co-w orkors cou ld  n o t grow on n u t r ie n t  agar to  which ch a rc o a l had 

been  added, presum ably because th e  f r e e  f a t t y  a c id s  were adsorbed on to  

th e  charcoal*

In  v5.cw o f  th e  d i f f i c u l t y  in  de term in ing  th e  growth req u irem en ts  

o f  G .bovis when e m p iric a l media a re  u sed , i t  was f e l t  t h a t  th e  

developm ent o f  a  ch em ica lly  d e fin e d  medium f o r  th e  gro?jth o f  Coryne- 

bao teriu m  b o v is  was necessary*

The two common b a se s  f o r  co n s id e rin g  th e  growth o f  m icro-organism s 

in  ch em ica lly  d e f in e d  media (o r  indeed  in  any media) a re  d e te c ta b le  

( th a t  i s  m inim al) growth and norm al growth* The d e te rm in a tio n  o f  “norm al 

growth" r e q u ir e s  a  s ta n d a rd  o f  com parison, a s  v /e ll a s  a  re p ro d u c ib le  

method o f  m easuring growth* In  th e  p re s e n t in v e s t ig a t io n  th e  s ta n d a rd  

o f com parison re p re s e n tin g  norm al growth was talcen as th e  amount o f



growth o f  a  s t r a i n  o f  C.b o y ia  i n  a n u t r i e n t  b ro th  oontainzljag bov ine 

se m n , and a conven ien t method o f  growth measurement vras by d eterm in ing  

th e  tm ’b id i t y  o f  b ro th  c u l tu re s  u s in g  a naphelom eter* The aim, 

th e re fo r e ,  was to  o b ta in  i n  ohem icaX ly-defined m edia growth a t  l e a s t  

a s  good a s  th a t  o b ta in ed  in  th e  se rum -con ta in ing  e in p irio a l modium, 

w ith  p a r t i c u l a r  re fe re n c e  to  th e  e f f e c t  o f th e  p resen ce  o r absence o f  

f a t t y  a c id s  o r  compounds co n te ln ln g  f a t t y  a c id s .  Since th e  supplem ents 

to  empix“io a l  media which allow ed th e  growth o f  0 . bo v is  were a ls o  

s u r fa c e -a a l iv e  a g e n ts , th e  e f f e c t s  o f o th e r  s u r fa o a -a c t iv e  a g en ts  were 

s tu d ie d  i n  a d d i t io n .

As p o in te d  ou t by  M ueller (1940), th e re  a re  two ways in  wiiich 

th e  developm ent o f  a  ch em ica lly  d efin ed  medium can be a ttem p ted . In  

th e  " s y n th e tic "  approach , v a rio u s  îcnovm and p o s s ib le  so u rces o f  

n itro g e n  and carbon e t c . ,  and growth f a c to r s  a re  used  :ln d i f f e r e n t  

com binations u n t i l  growth o f  th e  organism  i s  o b ta in e d . The second 

approach (and th e  one fav o u red  by M ueller i)% determ in in g  th e  

n u t r i t i o n a l  req u irem en ts  o f  G. cünh theri a e ) i s  " a n a ly t i c a l " ,  u s in g  

th e  0mpi3?io»a.l medimi i n  which th e  organism  %?ill grow as  th e  s t a r t i n g  

p o in t .  T his o m p irio a l raedium should  be broken up in to  a  number o f 

components, vjliom e f f e c t  upon gx'owth i s  th en  determ ined . Chemical. 

e x b ;a o tio n s  can th en  en ab le  i d e n t i f i c a t io n  o f  th e  compounds In v o lv ed . 

With th e  m a jo r i ty  o f organism s which cmi e x i s t  and grow in  a  v a r ie ty  

o f  h a b i ta t s  th e  second, a n a ly t i c a l  approach would ap p ear to  o f f e r  th e  

b e s t  chances o f su c c e ss . In  th e  case o f  G .bovis i t s  a p p a re n tly  

r e s t r i c t e d  h a b i ta t  suggested  th a t  th e  f i r s t  method cou ld  be used  f o r



th e  developm ent o f  a  d e f in e d  medium, s in c e  rea so n ab ly  com plote 

an a ly se s  o f  bovine mille have been c a r r ie d  out* In  a d d i t io n , th e  

adequacy o f  a  se rum -oon ta in ing  medium f o r  th e  grov/th o f  Q»bqvia 

in d ic a te d  th a t  th e  development o f  a  medium c o n ta in in g  a  s u b s t i tu te  

f o r  serum would o f f e r  a t  l e a s t  th e  minimal x*eqi;drements f o r  grovrfch* 

T y p ica l com positions o f  mille and o f  b lood  serum a re  shov/n in  Table 

13.

The f i r s t  type  o f  medium used  in  t h i s  in v e s t ig a t io n  was a  

p a r t i a l l y  d e fin e d  b a s a l  medium i n  wliioh amino a c id s  were p ro v id ed  

la r g e ly  by  th e  in c lu s io n  o f  Casemino a c id s .  On th e  b a s i s  o f  th e  

r e s u l t s  o b ta in e d  u s in g  t h i s  medium, grov/th o f  th e  organism s was 

su b seq u en tly  examined u s in g  f u l l y  d e fin ed  media i n  v/hioh named aminO 

a c id s  and knovm v itam in s and grov/th f a c to r s  were added. Since th e  

main o b je c t  o f  t h i s  paz*t o f  th e  in v e s t ig a t io n  was to  determ ine w hether 

G .bovis had a  req u irem en t f o r  f a t t y  a c id s  o r  f a t t y  a c id -c o n ta in in g  

oompounds, th e  m inim al req u irem en ts  o f  G .bovis f o r  amino a c id s  and 

v itam in s  v/ere n o t determ ined  a lthough  a number o f f u l l y  d e fin ed  

b a s a l  media in co ii^ o ra tin g  v a rio u s  amino a c id s  ©to. were u sed .

A com parison o f  th e  gro^vth o f  G .bovis i n  try p to a e  serum b ro th  

(TSB) d isp en sed  (a )  i n  7 iîïI  amounts i n  6 x  f  in c h  t e s t  tu b es  and 

(b) i n  25 ml amounts i n  100 ml Srlenm oyer f la c k s  showed t h a t  oxygen 

supp ly  vras a  s e v e re ly  l im i t in g  f a c to r  in  th e  caso o f media d isp en sed  

in  t e s t  tu b e s . C onsequently th e  n u t r i t i o n a l  roqu irem onts o f  th e  

s e le c te d  s tra : ln s  were studi,Gd i n  l iq u id  media cblspenaed i n  25 ml o r  

50 ml amounts i n  100 ml Erlenm eycr f la s k s  in c u b a te d  i n  shak ing  w ate r 

b a th s  (a . Callonkarnp and Co. L td . ,  London), a  p ro ced u re  which



TAT&B 13. COMPOSlîïOW OF M'OC SBRTO.Î.fa  ̂ AtgMO ACIBS 

V alues i n  mg p e r  100 m l.u n le s s  o therw ise  s ta te d

Component Bovine
m ilk Bovine m llk^ Bovins

sarura*
Human
Plasm a‘S

Human plasm a 
01' serum

Amino a c id
A lanine 3 .4 2 .5 7 -5 .3 7
o^-Aminobutyrio ao id ' 0 .3

A rginine 125 120-160 1.62 1 .1 0 -3 .5 8
A sp artio  ao id 0 .0 3
C ystine and o y s te in e , 1 .47 0 .8 9 -2 .0 5
Glutamio a c id 0 .7 0 , 63- 6 .19
G lycine 1 .5 1. 25- 2 .29
H is tid in e 80 110-113 1 .38 1 .0 6 -1 .7 8
Iso le u o in e 213 210-290 1 ,% 0 .9 8 -2 .2 2
Leucine 360 320-390 1.86 1 . 23- 2 .59
Lysine 260 230-310 2 .19 2 . 11- 3.79
M ethionine 86 60-90 0 .52 0 . 46—1.48
O rn ith in e 0 .72
H ien y la lan in e 173 150-220 0 .99 0 .7 4 -2 .0 2
P ro lin e 2.36
S erine 1.12
T aurine 0 .55
Threonine 133 130-220 1 .67 1. 12- 2 .92
Tryptophan 50 40-80 1 .27 0 . 66- 1.50
Tyrosine 1 .04 0 .7 4 -2 .2 2
V aline 230 % 0-280 2.72 2 . 15- 3.51

A sparagine 0 .58
C i t r u l l in e 0 .49 0 .3 8 -0 .5 9
C rea tin e as ÏÏ 2. 45- 5.62 0 .39 0 . 32- 0 .7 2
Creatin1.ne as N 0 . 19- 1 .22 1 . 2f|. 0 .6 2 -1 ,0 2
G lu tad ine 9.1 2 .6 8 -8 .8 8

E ofereneesa 1# Macy, K elly  and Sloan (1953)
2 . Diem C1%2)
3 . Long (1961)
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Monod (1949) oono ldered  to  be  th e  a lm p le s t and b e s t  f o r  th e  s tu d ^  o f  

th e  grovrth o f  b a c te r ia  i n  b a tc h  c u l tu re s  by th e  u se  o f  t u r b id i t y  

m easurem ents •

Organisms grow ingin  ch em ica lly  d e fin e d  media may d i f f e r  pheno- 

ty p ic a l ly  from  organism s grotm i n  e m p ir ic a l media o r ,  more p ro b ab ly , 

from  th o se  growing i n  th e  n a tu r a l  h a b i t a t ,  riïioroacopio exam inations 

were th e re fo re  c a r r i e d  o u t on th e  c u l tu re s  i n  th e  d e f in e d  media to  

d e te c t  th e  more obvious %)henotypic m orpho log ical changes.



/ 4

Methods and R e su lts

Growth o f  th e  s e le c te d  s t r a i n s  o f  G .bovis i n  d e f in e d  media was 

compared w ith  th a t  o b ta in ed  i n  a try p to so  serum b ro th  (TSB) which 

c o n s is te d  o f :  t ry p to s e  (O xoid), 10.0 g j Lab^o-Lomoo b e e f  e x t r a c t ,  3*0 g; 

sodium c h lo r id e , 5*0 g ; d i s t i l l e d  w ate r, 1 l i t r e *  The pH was a d ju s te d  

to  7# 2 and, a f t e r  s t e r i l i z a t i o n ,  stG ri].e  bovine serum was added 

a s e p t ic a l ly  to  a  f in a l, c o n c e n tra tio n  o f  5% v /v .

The d e f in e d  media, and TSB were dispensed, i n  23 bü. amounts in  

100 ml JSrlenmeyer f l a s k s .  D uring th e  course o f  th e  in v e s t ig a t io n  i t  

was found t h a t  th e  shaking  to  whi.oh th e  f l a s k s  were su b je c te d  du rin g  

in c u b a tio n  allow ed th e  amount o f  medium in  each 100 ml f l a s k  to  be 

in c re a se d  to  30 ml w ith o u t n o tic e a b ly  a f f e c t in g  th e  growth o f  th e  

organisms* Since c o tto n  wool c lo su re s  can cause co n tam in atio n  o f  

media v /ith  l i p i d  m a te r ia l  (P o llo ck , 1949; H art ^ * ,  1962), s t r a i g h t  

necked E rle m a y e r  f l a s k s  f i t t e d  vd th  s ta in le s s  s t e e l  c lo s u re s  (P isons 

S c ie n t i f ic  A pparatus L td*, Boughborough) were employed* The E rle im eyer 

f la s k s  and much o f  th e  o th e r  g lassw are  used  were o f  b o r o s i l lo a te  g lass*

A ll g lassw are excep t nephelom oter tu b e s  was c lean ed  by immersion 

f o r  %  hours i n  oliromic a c id  (po tassium  d ichrom ate , 63 g ; d i s t i l l e d  

w a te r , 33 is l; c o n c e n tra te d  su lp h u ric  a o id , 960 m l) fo llo w ed  by  a t  

l e a s t  s i x  r^Jises w ith  ta p  w ater and th re e  r in s e s  w ith  g la s S '» d is t i l le d  

w a te r . S ta in le s s  s t e e l  f l a s k  c lo su re s  and nephelom etor tu b es  were 

c lean ed  by b o i l in g  f o r  10 m inutes i n  a s o lu t io n  o f  Haemo#'8ol (m anufactured 

by  Moinedce and Co*, I n c . ,  H .Y ., and d is t r ib u te d  by  A lfre d  Cox (G u rg ica l) 

L td . ,  Goulsdon, S u rre y ) , fo llow ed  by a t  l e a s t  s ix  r in s e s  v /ith  ta p  w ater



aBd th r e e  r in s e s  v\rà,th g iass***dlatllled  water*

2h th e  p re p a ra t io n  o f  th e  d e fin e d  media p u re  n ic k e l  sp a tu la e  

were used  and th e se  were flam ed to  r e d  h e a t b e fo re  use  w ith  each 

cheroioaX# C o n s titu e n ts  used  in  th e  p re p a ra t io n  o f  media were o f  th e  

p u re s t  grade m anufactured  by B r i t i s h  Drug Houses L td , ,  P oo le , D o rse t, 

ex cep t where s ta te d  o therw ise*  Supplements o f  v itam in s  (Supplem ents 

A, B and 0) were p rep a red  and s t e r i l i s e d  fo llo v d n g  th e  recommendations 

o f  Hawk, Oser and Suismerson (1 % 7 ), and s in c e  ad en in e , guan ine, u r a c i l  

and c h o lin e  c h lo r id e  a re  h e a t s ta b le  (Hawk e t  1947) th e y  were 

added to  th e  media b e fo re  s t e r i l i s a t i o n .  A fte r  th e  d i s t r ib u t io n  and 

s t e r i l i s a t i o n  o f  m edia, and th e  a s e p t ic  a d d i t io n  o f  s t e r i l e  supplem ents, 

f].a sks o f  media were in cu b a ted  a t  37^^ f o r  48 hours t o  d e te c t  any 

co n tam in a tio n ,

aÊ S B ÏÈ

Gorynebaoterium  b o v ia  s t r a i n s  124 and 147 were used  th ro u g h o u t, 

C orraebacteriu iu  b o v is  s t r a i n  159 and Q ,bovis NQTD 3224 were a ls o  

examined in  c e r t a in  media*

A threo-^day T8B c u l tu re  was c e n tr ifu g e d  and washed tw ice  w ith  

s t e r i l e  :^ s t r e n g th  l in g e r  *s s o lu t io n  (p rep ared  v i th  g la s s - ^ d is t i l le d  

w a te r ) .  The tw ioe^washcd b a c t e r i a l  sedim ent was resuspended  in  s t e r i l e  

^ T s tre n g th  B inger*s s o lu t io n , and th e  c o n c e n tra tio n  o f  th e  suspension  

a d ju s te d  to  g iv e  a  tu r b id i t y  read in g  o f  25 on on M i  nephelom eter 

(Evans E lec tro se lo n iu m  L td , ,  H a ls tead , E ssex ), th e  nephelom eter having 

p re v io u s ly  been a d ju s te d  to  g iv e  re a d in g s  o f  0 and 100 w ith  d i s t i l l e d



v/ator and a  Perspox tu rb ic i l ty  stctndard reo p eo tiv e ly *  Of t h i s  s ta n d a rd  

su sp en sio n , 0*025 ml was used  to  in o c u la te  25 ml o f  medium, o r  0*05 ml 

was used  to  in o c u la te  50 ml o f  medium* A d i r e c t  iidorosoopio coun t o f  

th e  susp en sio n s in d ic a te d  t h a t  th e  t o t a l  number o f  b a c te r ia  in tro d u ce d  

in to  50 ml o f  medium was approx im ately  5 % 10^*

D^termina;bion o f  f^rowth

The amount o f  growth o f  th e  c o iy n e b a c te r ia  i n  th e  l i q u i d  media 

was determ ined  n ep h e lo m e trico H y  by  removing 2*5 ml o f  th e  c u l tu re  a t  

i n t e r v a l s  du ring  th e  p e r io d  o f  incubation*  The sample was d i lu te d  w ith  

7 .5  ml o f  g l a s s - d i s t i l l e d  w ate r i n  a  6 x  f  in ch  nephelom eter tube*

The tu r b id i t y  was m easured u s in g  th e  ESL nephelom eter which had been 

a d ju s te d  to  g iv e  re a d in g s  o f  0 and 100 w ith  d i s t i l l e d  w a te r  and an 

BEL P erspex  s ta n d a rd  re sp e c tiv e ly *  In  th e  even t o f  th e  galvanom eter 

d e f le c t io n  exceeding  100 tu r b id i t y  im i ts ,  f u r th e r  d i lu t io n  o f  th e  

c u l tu r e s  was c a r r ie d  o u t w itii g l a s s - d i s t i l l e d  w a te r  u n t i l  th e  re a d in g  

was w ith in  th e  galvanom eter range#

A c a l ib r a t io n  curve o f th e  tu r b id i t y  o f  a  number o f  d i lu t io n s  

o f  b ro th  c u l tu r e s  in d ic a te d  a  r e la t io n s h ip  betw een tu r b id i t y  and c e l l  

c o n c e n tra tio n  which was l in e a r ,  up to  a  re a d in g  o f  abou t 85 u n i t s  

iTiltiîin th e  degree o f  c o n s is te n c y  o f th e  in s tru m e n t. $hus th e  t u r b id i t y  

o f  th e  o r ig in a l  b ro th s  cou ld  be c a lc u la te d  from th e  t u r b id i t y  o f  th e  

d i lu t io n s ,  p ro v id ed  th a t  th e  d i lu t io n  made caused  th e  tu r b id i t y  re a d in g  

to  be  w ith in  th e  range 0-85 u n i t s .  These v a lu es  co u ld  th an  be 

o o rre o ted  f o r  th e  tu r b id i t y  ( i f  any) o f  th e  u n in o c u la ted  medium, by 

s u b s tra o tio n  o f  th e  re a d in g  o b ta in ed  w ith  th e  u n in o o u la te d  medium
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(MejniolX and M eynell, 1965). An m ln o cx ila ted  f l a s k  o f  oaoh com plete 

medium m s  incubated* a t  37^0 and th e  tu r b id i ty  o f  t h i s  medium determ ined  

oaoh tim e th e  grow th o f  th e  c u l tu re s  was determ ined  n o p h e lo m e trio a lly . 

T h is was n ec e ssa ry  s in c e  i n  some oases ( e .g .  when l e c i t h i n  was added 

to  th e  medium w ith o u t a  s o lu b i l i s e r )  th e  t u r b id i t y  o f  th e  u n in o o u la ted  

medium In c re a s e d  d u rin g  in c u b a tio n . However, i t  was found t h a t  d u rin g  

th e  p re lim in a ry  in c u b a tio n  a t  37^C f o r  48 h o u rs , which was u sed  to  

d e te c t  G ontaîoination, th e  u n in o o u la ted  media u s u a l ly  reach ed  e q u ilib r iu m  

Tzith re g a rd  to  t h e i r  tu r b id i t y .  The tu r b id i t y  o f  c u l tu re s  o f  each s t r a i n  

in  TSB was u sed  a s  a  re fe re n c e  s ta n d a rd  a g a in s t  v/hich th e  s u i t a b i l i t y  

o f  th e  d e fin e d  m edia cou ld  be  determ ined#

The c o r re c te d  tu r b id i t y  re a d in g s  th u s  o b ta in e d  have been used  f o r  

d i r e c t  com parison o f th e  grotzth r a t e  and t o t a l  grow th o f  G»bovis t o  a  

v a r ie ty  o f  m edia, Siuco nephelom eters a re  more s e n s i t i v e  f o r  tu r b id i t y  

measurement th an  sp ec tro p h o to m eters o r  c o lo r im e te rs ,  re a d in g s  co u ld  be 

o b ta in e d  Tzith tiie  norm al 1 s4 d i lu t io n  used  even when a  v ery  sm all 

amount o f  growth had ocourrod*

Nephelom eter tu b e s  and p ip e t t e s  were c lean ed  iv lth  chrom ic a c id  

o r  Haemo-8ol a s  a lre a d y  d eso rib ed  in  o rd e r  to  remove a l l  g rease  and 

re s id u e s#  S ince th e  c u l tu re s  were n o t in c u b a te d  i n  th e  nephelom eter 

tu b es  i t  was n o t p o s s ib le  t o  e lim in a te  in a c c u ra c ie s  due to  v a r i a b i l i t y  

in  tube d ia ra e te r, tii ic îm e ss  o f  th e  g la s s  e t c .  by  em ploying th e  same 

nephelom eter tu b e  th a t  was always p la ce d  to  th e  nephelom eter iz ith  a  

c o n s ta n t o r ie n ta t io n .  C onsequently in a c c u ra c ie s  due to  tu b e  

v a r i a b i l i t y  were m inim ised by u s in g  o p t ic a l ly  s ta n d a rd  tu b e s  su p p lie d
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speoifloaXly fo r use with the EEL nephelometer, and examining the 

tubes fo r any tendency to asymmetric lig h t sc a tte r , surface marks, 

variations in  thickness of glass or in  diameter of the tube. As a 

re su lt of such examination about lOjS of the. nephelometor tubes 

obtained were rejected  on reooipt.

During iu rb id ity  determinations the sero and f u l l  scale dofleotion 

were checked and adjusted frequently to correct fo r galvanometer d rig t, 

fatigue of the photo-olcotrio co ll etc. Photocell fatigue caused the 

readings to  d r i f t  toward lower values, with the amount of d r if t  

increasing as the tu rb id ity  values increased, in  contrast to  the 

experioncG of Kelly and Bogers (1955) who found th a t in  the case of the 

Model 7 Coleman photonephelometer d r i f t  tended to  be independent of the 

level of tu rb id ity  being measured.

I&oroscoplc examination of the cultures in  both the p a r tia lly  and 

fu lly  defined media revealed tha t variations in  the Gram reaction, end 

in  the s ise  and shape of the organisms frequently occurred. Therefore 

no attempt was mad© in  th is  work to  use the nephelometer readings to 

calculate b ac te ria l numbers since, although nephelometer readings have 

been used to estimate co ll concentrations (Lamanna and Mollette, 1953} 

Starke sjid Kbsa, 1959), Powell (1963) noted th a t the Oram reaction, end 

the sise  and shape of the organisms had a profound e ffec t upon the 

tu rb id ity  readings obtained. Of the morphological variations observed 

in  the cultures of O.bovis. decrease in  Gram p o s itiv ity  irm  lik e ly  to  

lead to  a doorcase in  the tu rb id ity  of a given c e l l  oonoontration, 

vzheroas decrease in  siae of the organisms probably resu lted  in  greater



t u r b id i t y  re a d in g s  on th e  EEL nephelom eter f o r  a  g iven  c o l l  

c o n c e n tra tio n  s in c e  th e  sm a lle r  th e  p a r t i c l e  th e  g r e a te r  th e  p ro p o r tio n  

o f  l i g h t  s c a t te r e d  a t  la rg o  an g le s  to  th e  i l lu m in a t in g  beam. Any 

a ttem p t to  c o r r e la te  tu r b id i t y  re ad in g s  vzith c e l l  c o n c e n tra tio n  in  

n u t r i t i o n a l  s tu d ie s  was co n s id e red  u n r e a l i s t i c  because o f  th e  p ro b ab le  

m orpholog ical v a r ia t io n .

The t i i re e  a p p o s ite  growth p aram ete rs  f o r  th e  do t o r m ination  o f  th e  

s u i t a b i l i t y  o f a  medium a r e  d u ra tio n  o f  th e  la g  p h ase , th e  r a t e  o f  

lo g a r ith m ic  growlh and th e  t o t a l  y ie ld  (Monod, 1949)# Small in o c u la  

a re  w e ll lmo\m  to  cause a  lo n g e r  la g  phase th an  l a r g e r  in o c u la . Also 

th e  in o c u la t io n  o f  in d iv id u a l  f l a s k s  o f  medium w ith  a  d e f in i t e  volume 

o f a b a c t e r i a l  su spension  can cause v a r ia t io n s  i n  th e  la g  phase due to  

v a r ia t io n s  i n  th e  d i s t r ib u t io n  o f th e  t e a t  organism  to  th e  f la s k s  

a lth o u g h  th e  t o t a l  y ie ld  i s  le a s  a f fe c te d  by such v a r ia t io n s  (GaVin, 

1957)# U n fo rtu n a te ly  th e  com plex ity  o f  th e  media from  th e  p o in t  o f 

viov/ o f  th e  number o f  supplem ents t h a t  were added made i t  im p ra c tic a b le  

to  in o c u la te  th e  s t e r i l e  b a s a l  medium in  b u lk  fo llo w ed  by a s e p t ic  

d isp e n sa tio n  in to  s t e r i l e  f la s k s  -  th e  on ly  method o f  in o c u la t io n  t l i a t  

con en su re  an even d i s t r ib u t io n  o f th e  organism . I f  a  sm all inoculum  

had been  u sed  w ith  th e  method o f in o c u la t io n  employed, v a r ia t io n  in  

d i s t r ib u t io n  o f  th e  organism  may have r e s u l te d  i n  some f l a s k s  re c e iv in g  

an inoculum  below th e  minimum number re q u ire d  to  i n i t i a t e  grow th. 

C onsequently  a  co m p ara tiv e ly  la rg e  inoculum  was u sed  (see  page 7 $ ) , i n  

o rd e r  to  m inim ize f a i l u r e s  o f  growth in  t e a t  media due to  inoculum  

v a r ia t io n .  In  a d d i t io n  th e  use o f  a  la rg e  inoculum  reduced  th e



p o s s i b i l i t y  o f  t u r b id i t y  develop ing  as  a  r e s u l t  o f  th e  grow th o f  non- 

ox ac tiîîg  m utan ts a r i s in g  du ring  th e  long  la g  phase w hich would o b ta in  

w ith  a  sm all inoculum .

P a r t i a l l y  d e f in e d  media

£ o £ t i a l l£  â e « -a e â  ÏÏ?#3“ J

A number o f  amino a c id s  were added in  o rd e r  t o  compensate f o r  any

d e f ic ie n c y  in  th e  c a s e in  îzydrolyaata*

The f i r s t  medium examined had th e  fo llo w in g  c o n s t i tu t io n :

Sodium c h lo r id e  (M  g rad e) 7*0 B V itam in -free  Casamino
Potassium  dlbydrogen phosphate

(AB g rad e) 0 ,2 5  B Acids (D ifco) 5*0 g
D ipotassium  hydrogen

phosphate 0 ,3 5  g 14;A rg in ine 20 mg
Ammonium dihydrogen 

phosphate (AH g rad e) 1*0 g  L -O ystine 20 mg
Pi1agnesiun\ su lp h a te  h y d ra ted
(%8C^^*7HgO)(AH g rad e) 0 ,2 5  g M i i s t i d i n e  HCl 20 mg
Copper s u lp h a te , h y d ra ted

(CuSO^^*5HgO)(AH grade) 0*003 g DL-Mcthionine 10 mg

F erro u s s u lp h a te , h y d ra ted
(FeS0^ .7H g0)(M  g rad e) 0*007 g D3>Serine 20 mg

D -glucoso (ah g rad e) 1 ,0  g DL-Threonine 20 mg
Bcdium a c e ta te ,  h y d ra te d

(GHyCOONa,3HpO)(AE g rade) 0.1 g DL-Ti'yptophan 30 mg
^  Adenine 10 mg

G la s s - d i s t i l l e d  w ate r to  1 l i t r e  Guanine 10 mg

The in g re d ie n ts  were added in d iv id u a l ly  a t  room te n ^ e ra tu re  to

750 ml o f  g l a s s - d i s t i l l e d  w ate r which was c o n tin u o u s ly  a g i ta te d  u s in g

a  m agnetic s t i r r e r *  Each in g re d ie n t was allow ed  t o  d is s o lv e  o r

d is p e rs e  th o ro u g h ly  b e fo re  th e  n ex t was added* The L -o y s tin o  and

guanine vzere added to  th e  minimum amount o f  20^ (w/v) sodium hydroxide

(Aîî g rade re a g e n t d is so lv e d  i n  g l a s s - d i s t i l l e d  w a te r) r e q u ire d  to

o b ta in  com plete s o lu t io n  o f  th o se  two compounds. T his s o lu t io n  was
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th e n  added to ,  and mixed w ith , th e  w ater c o n ta in in g  th e  r e s t  o f  th e  

in g r e d ie n ts .  The volume was th en  mad© up to  1 l i t r e  w ith  g la s s -  

d i s t i l l e d  w a te r . The mouth o f  th e  f l a s k  c o n ta in in g  th e  medium was 

covered  w ith  a  g la s s  b eak er and th e  medium was au to o lav ed  a t  10?^G 

f o r  5 m in u tes . A fte r  th e  medium had coo led , th e  pH was a d ju s te d  to  

7 ,2  (d e te m in e d  by a  %re U n iv e rsa l pH m eter w ith  a  ly e / in g o ld  combined 

g la s s / r e f e r e n c e  e le c tro d e  and au tom atic  tem p era tu re  com pensation by  

means o f  a  r e s is ta n c e  therm om eter) u s in g  N sodium hydroxide and N 

Isydroch loric  a c id ,

A fte r  ad ju stm en t o f  th e  pH, th e  modiura was c l a r i f i e d  th rough  an 

a sb e s to s  f i l t e r  (C arlson  f i l t e r  Grade Kg) and d i s t r ib u t e d  to  25 ml 

amounts i n  100 ml Erlenmeyor f l a s k s  f i t t e d  w ith  s t a in l e s s  s to o l  

c lo s u re s .  The f l a s k s  o f medium were s t e r i l i s e d  by au to o lav in g  a t  

115^0 f o r  20 m in u tes .

Growth o f  G .bovia s t r a i n s  124 mid 147 to  th e  above medium was 

doterm toed v d th o u t f u r th e r  supp lem entation  and w ith  th e  a d d i t io n  o f 

supplem ent A; supplem ent Bj supplem ents A and Bj supplem ents A, B 

and Cj o r  supplem ents A, B, G and a d d i t io n a l  g lu c o se ,

^uj>plcment^Aj^ r ib o f l a v in ,  2 mgj th iam in  HCl, 2 mg; d is so lv e d  to  100 

ml o f  0 ,0 2  H a c e t ic  £ioid (A.R g ra d e ) . S te r i l i z e d  by f i l t r a t i o n  and 

s to re d  to  th e  r e f r ig e r a to r *  This was added to  th e  m edia a t  a  r a t e  o f  

0 ,025  ml p e r 25 ml o f  medium,

Su£ploment^Bj^ calcium  p a n to th e n a te , 2 mg; n ic o t in ic  a c id , 20 mg; 

f o l i c  a c id , 200 y*g; p y r id o x a l HCl, 6 mg; y)-am toobcnzoic a c id ,  2 mg; 

d is s o lv e d  t o  100 ml o f  g l a s s - d i s t i l l e d  vzater. S t e r i l i s e d  by f i l t r a t i o n



and s to re d  I n  th e  ro f r ig o ra to r*  T his was added to  th e  media a t  a  

r a t e  o f  0 ,2 5  ml p e r  25 ml o f  medium,

,§u£pl^ment^Cj, py ridox ino  HCl, 10 rag, d is s o lv e d  i n  100 ml g la s s -  

d i s t i l l e d  w a te r , s t e r i l i z e d  by f i l t r a t i o n  and s to re d  i n  th e  ̂ r e f r ig e ra to r .  

T h is was added t o  th e  media a t  a  r a t e  o f  0 ,025  ml p e r  25 ml o f medium, 

Glucose was added as a  f i l t e r - s t e r i l i z e d  10^2 (w/v) s o lu t io n ,  to  

in c re a s e  th e  f i n a l  c o n c e n tra t io n  o f  g lucose i n  th e  medium to  0 ,1 1 $ .

No grov/th was o b ta in ed  i n  any o f  th e  m edia.

â e fin ed  2)

In  a  f u r th e r  s e r i e s  o f media th e  p a r t i a l l y  d e f in e d  medium 1 (PDMl) 

w ith  th e  a d d i t io n  o f  supplem ents A, B and 0 was ado p ted  a s  th e  b a s a l  

medium (PDM 2 ) ,

Amongst th e  supplem ents whose e f f e c t  upon growth was s tu d ie d  in  

th3.a s e r i e s  wero p im olio  a c id  and ^ - a la n in e ,  su b s tan ces  shown by 

M ueller to  be e i t h e r  r e q u ire d  by , o r  s tim u la to ry  f o r ,  G .d in h th e ria e  

(M ueller, 1937l M ueller and Cohon, 1937)> m - in o s i to l ,  îcnown to  be 

r e q u ire d  by  a  number o f  raioro-organiam s (see  F lo rlc in  and I&son, 1962); 

and b i o t i n ,  a  v ita m in  in v o lv ed  i n  th e  sy ii th e s is  o f  u n sa tu ra te d  f a t t y  

a c id s  and shown by  Vfilliams and co-w orkers (1947) t o  be i n t e r -  

ohangeable w ith  o le ic  a c id  i n  media used  f o r  th e  growth o f  L ao to b a o illu s

The medJ.a used  were th e  fo llo w in g :

PDM 2-1 ; no f u r th e r  supp lem en tation

PDM 2-2  : 4- supplem ent D

PDM 2-3  : 4" la - in o s i to l



PDM 2-4  : f  b lo t t o

PDM 2-5  : 4* supplem ent D arid b lo t t o

PDM 2-6  I 4" supplem ent Dj m - to o s i to l j  and b lo t t o

PDM 2-7  : 4' supplem ent D; r a - to o s i to l | b io t i n ;  and sodium la c t a t e .

PDM 2-8  ; 4- supplem ent D; b lo t t o ;  and y e a s t  e x t r a c t

FDM 2-9 : -K supplem ent D; m -to o s ito l ;  b io t t o j  sodium l a c t a t e ;

and album in

PDM 2-10 : 4- supplem ent D; m - to o s i to l ;  b lo t t o ;  sodium l a c t a t e ;  

y e a s t  e x t r a c t ;  album in; and g lucose

p im elio  a c id ,  15 mg; ^ - a l a n in e  23 mg; d is s o lv e d  in  

100 ml o f  0*02 N a c e t ic  a c id  (M  ^ a d o )  s t e r i l i s e d  e i t h e r  by au to c la v to g  

f o r  20 m inutes a t  115^0 o r  by f i l t r a t i o n ,  and  s to re d  i n  th e  r e f r ig e r a to r #

T his was added to  media a t  a  r a t e  o f  0*025 ml p e r  25 ml o f  medium.

2j^ to £ s i t^ to  0 .0 5  g o f  m r to o s i to l  t o  100 ml o f  0*02 N a c e t i c  a c id  (AH 

g ra d e ) , s t e r i l i s e d  by  f i l t r a t i o n  ond s to re d  t o  th e  r e f r i g e r a to r ;  0 .2 5  

ml added to  each 25 ml o f  medium.

R iotiî\j^ 0 .2 5  ml o f  s t e r i l e  b l o t t o  s o lu t io n  (c o n ta in in g  1 b lo t t o  

p e r  m3- i n  phosphate b u f f e r ,  o b ta in ed  from B r i t i s h  Drug Houses L td . ,

P oo le , D orse t) v/as added to  25 ml o f  medium. fe>give a  f i n a l  c o n c e n tra tio n  

o f  b io t i n  o f  10 |x .g / l i t r e .

Sodton l a c t a t e  : sodium l a c t a t e  s o lu t io n  (B .D .H .), 7*1 m l; d i s t i l l e dMHB WM ### WW# *** r m —

w ate r, 17*9 m l; s t e r i l i s e d  by f i l t r a t i o n  and 0 .025  ml added to  25 ml 

o f  medium.

^ a s t  e x t in c t ;  y e a s t  e x t r a c t  (O xoid), 5 g ; made up to  100 ml o f



s o lu t io n  vzith d i s t i l l e d  w a te r  and s t e r i l i s e d  by f i l t r a t i o n ;  0 .2 5  ml 

added to  25 ml o f medium.

Albumins bovine serum album in, f r a c t io n  V (Armour P h arm aceu tica lsn** iM m m  m m  '

Co. L td . ,  E astbourne) 3$ (w/v) i n  d i s t i l l e d  w ate r and s t e r i l i s e d  by  

f i l t r a t i o n ;  0 .2 5  nû added to  25 ml o f  medium.

Glucoses 0 .2 5  ml o f  a  f i l t e r - s t e r i l i z e d  20$ (w/v) s o lu t io n  o f D-glucoso 

(AE grade) added to  25 ml o f  medimi#

An ex trem ely  sm all amount o f  growth o f  C^.boyis s t r a i n s  1%  and 

147 occu rred  in  PDM 2 - 8  and H)M 2 -  10, th e  on3y tv/o media rzith  y e a s t 

oxfcraot in c lu d e d . M cro sco p ic  exam ination revealed , th a t  th e  c u l tu re  

o f  C.bovi s  s t r a i n  147 c o n s is te d  m ostly  o f  co o ea l c e l l s  th a t  s ta in e d  

G ram -negative. The c u l tu re  o f  G .boyis s t r a i n  124 a ls o  c o n s is te d  o f 

a ty p ic a l  orgtmism s wklch were e i th e r  ooooal o r  v e ry  long  end th re a d -  

l i lc e , s ta in in g  i n  G ram -positive p a tch es w ith  c o lo u r le s s  p a tch es  g iv in g  

a  h e a v ily  b a r re d  ap pearance .

P « ^ t ia l l£  # f % Q a  1 )

Tills med1*um was s im ila r  i n  co n ten t to  FDM 2 ex cep t f o r  th e  fo llo v /in g  

a l t e r a t io n s  in  co n c en tra tio n s  anmionium dihydrogen phosphate 0*5 g / l ,

D L -threonine, 30 m g /l; and th e  a d d itio n  o f  ch o lin e  c h lo r id e , 10 rag, and 

u r a c i l ,  10 mg, to  each l i t r e  o f  medium b e fo re  s t e r i l i s a t i o n .

Supplements A, B and C were added as b e fo re .

Amongst th e  supplem ents whose e f f e c t  upon growth was s tu d ie d  in  

t i l s  s e r ie s  were th io c t io  a c id  (o r  ©C-lipoio a c id , a  substance  found 

by S tokatad , Hoffmann and B e lt (1950) to  be n ec e ssa ry  f o r  th e  grovzth



o f  a  G orynebacteriuia) and o v o lo o ith in  (C .bpvia hav ing  been  found  

oapablo o f  growing on egg-yo lk  agar).

The groiTfch of Ç .bovia stra ins 124 and 147 was detorminod in  th is  

medium without fu rther supplementation (PDM >*l) and a f te r  the following 

additions.

PDM 3-2  ; 4' b i o t i n  (see  above) and D L -th io o tic  a c id

PDM 3^3 : f  b i o t i n j  m - in o s i to l  (see  above); and D lr- th io c tic

a o id

PDM 3-4 : + supplement D (see above) ; DL-tMootio aoid and ovolecithin

PDM >*5 : •ï' supplem ent D; D L -th ioo tio  a c id  and g ly c e ro l

PDM 3-6  : 'V supplem ent D; D L -th io c tio  a c id ;  o v o le c i th in ;  g ly c e ro l ;

y e a s t  e x t r a c t  (se e  above); and c a s e in  e x tra c ts #  

m ^ t l o c j ^ o  ac^ fti D L -th io c tic  a c id  ( d l  -  - l i p o lo  a c id )  ( B r i t i s h  Drug 

Houses L td . ) ,  1 mg, d is s o lv e d  i n  100 ml o f  d i s t i l l e d  w ate r s t e r i l i z e d  

by f i l t r a t i o n  and s to re d  i n  a  r e f r i g e r a to r ;  0 .025  ml added a s e p t ic a l ly  

to  25 ïîîl o f  medium to  g iv e  a  f i n a l  c o n c e n tra tio n  o f  10 jx g  p e r  l i t r e *  

£ v o l£ o iti] to s  95-100$ o v o le c i th in  (B r i t i s h  Drug Houses L td . ) ,  80 mg, 

d is s o lv e d  in  10 ml o f  a b s o lu te  e th an o l (AH g ra d e ) , s t e r i l i z e d  by 

f i l t r a t i o n  and s to re d  in  a  r e f r i g e r a to r ;  0*25 ml added to  25 ml o f  

medium to  g iv e  a  f i n a l  c o n c e n tra tio n  o f  80 mg l e c i t h i n  p e r  l i t r e  o f  

medium,

£^£D £r£l^ s t e r i l i z e d  by  au to o lav in g  a t  115^0 f o r  20 m in u tes .

an aqueous e x tra c t io n  o f f a t - f r e e ,  v ita m in - f re eM*n #### WMw MW MM WM •— r

c a se in  (D ifco ) was made by suspending 5 g o f  th e  c a s e in  in  100 ml o f  

d i s t i l l e d  w a te r, a f t e r  which th e  suspension  was c e n tr ifu g e d  and th e  

aqueous su p e rn a ta n t l i q u i d  removed and s t e r i l i z e d  by f i l t r a t i o n *  An 

e th a n o lio  e x t r a c t io n  o f  f a t - f r e e ,  v ita m in - f re e  c a se in  was made i n  a



v u

s im ila r  m arner by  suspending 5 B th e  c a s e in  i n  100 ml o f  a b so lu te  

e th a n o l, fo llo w ed  b y  c e n tr i fu g a t io n ,  and s t e r i l i z a t i o n  by  f i l t r a t i o n  

o f  th e  e th a n o lio  su p e rn a ta n t liq u id #  These e x t r a c t s  were added to  

media a t  th e  r a t e  o f  0*2 ml o f  each p e r  25 ml o f  medium#

Good grov?th o f C .bov is s t r a i n s  124 and 147 was o b ta in ed  In  th e  

media PDM and PDM 3-6  wliioh were th e  two media t h a t  in c lu d ed  

o v o le c ith in #  l o  grovrfch o ccu rred  i n  th e  o th e r  media# I t  appeared  

th e re fo re  th a t  O .bpvis had a  n u t r i t i o n a l  requ irem en t t h a t  was s a t i s f i e d  

fey l e c i t h i n  o r  by a  growth f a c to r  p re se n t a s  an  im p u rity  in  th e  

o v o le c ith in *

M%eâ ao#2ïUiv-(£oi b)
The o o n o o n tra tio n s  o f  amino a c id s  and c e r t a in  o th e r  c o n s t i tu e n ts

in  th rls  medium were in c re a s e d , th e  medium hav ing  th e  fo llo w in g

c o n s t i tu t io n s

Sodium c h lo r id e  (AH grade)
Potassium  düiydrogen phosphate 

(ah g rade)
D ipotassium  Îîydrogen phosphate 
Ammonium dihydrogen phosphate 

(ah g rad e)
Magnesium s u lp h a te , h y d ra ted  

(MgSO^^#7HgO)(M grade)
Copper s u lp h a te , liyd ra ted  

(GuSO^^#5HgO)(AH grade)

F erro u s  s u lp h a te , h y d ra ted  
(Fo30^^#7HgO) (AH g rade)

D"(glucose (ah g rade)
Sodium a c e ta te ,  h y d ra ted  

(OEgGOONa.3H^O)(AH g rad e)

D i s t i l l e d  w a te r  to  '

7 .0  s  

0 .25  6

V ita m in -free  Casamino 
Acids (D ifco) 7*5 g

0 .3 5  e ïi-ik*ginine 200 mg
0 .5  g Im Cystine 200 mg

0 .2 5  S L-H i@ tidine HCl 200 mg

0 .0 0 3 s D3>Methionin© 100 mg

0 .007s DL-Serine 200 mg

1 .0  s DL-Threonine 300 mg

0 .3  g Dlmlkyptophan 300 mg
l i t r e Adenine

U ra o il
C holine c h lo r id e  
Guanine

15 mg 
15 mg 
15 mg
15 mg
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The method o f p re p a ra t io n  was a s  d esc rib ed  f o r  PDM 1* Tiie 

Supplements A, B and G, and sodium cleat©  were added to  th e  b a s a l  

medium a f t e r  s t e r i l i z a t i o n ,

1949) Î 0 ,1  ml, o f  o le ic  a c id  (B r i t i s h  

Drug Houses L td ,)  and 0,1 ml o f  40$ (w/v) sodium hydroxide were mixed 

to g e th e r  w ith  a  g la s s  ro d . A fte r  thorough m ixing 9*9 ml o f  d i s t i l l e d  

w ate r were added and th e  sodium o le  a te  d is s o lv e d  by hea ting*  The 

s o lu t io n  was s t e r i l i z e d  by au to c lav in g  a t  115°G f o r  20 m inu tes. To 

each 25 ml o f medium 0i»025 ml o f  s o lu t io n  was added a s e p t ic a l ly ,  

g iv in g  a  f i n a l  c o n c e n tra tio n  o f  sodium o le a te  o f  about 1 i n  100,000, 

The grow th o f G .bovia s t r a i n s  124 and 147 was determ ined  w ith o u t 

f u r th e r  supp lem en tation  (PDM 4 -1 ) and a f t e r  th e  fo llo w in g  a d d i t io n s ,  

PDM 4 -2  t + b i o t i n  and D L -th io o tio  ao id

PDM 4 -3  : 4 b i o t i n ;  m - in o s i to l ;  and D L -th io c tic  a c id

!f! 4 -4  Î + supplement Dj B L -tiiioctio  ao id , and o v o le c ith in

4 -5  Î 4̂ supplement Dj D L -th ioctic  acid ; and g ly c er o l

PDM 4 -6  : t  supplement D; D L -th ioctio  acid ; o v o le c ith in ;  g ly cero l;

y e a s t  e x t r a c t ;  and b o th  c a se in  e x t r a c t s  

PDM 4 -7  : + supplem ent D and m -in o s ito l

PDM 4*-B Î ^ supplement D; D L -th ioctic ao id , and the aqueous ex tra c t  

o f  ca se in .

Good growth o f G ,bovis s tr a in s  124 and 147 was obtained in  the  

media PDM 4 -4  and PDM 4 -6 , which were the two media th a t included  

o v o le c ith in . The t o t a l  amount o f  growth produced in  each was almost 

id e n t ic a l  w ith  th a t produced in  PDM 3-4  and PDM 3-6  r e s p e c t iv e ly , but



th e re  were lovmr growth r a t e s  In  th e  media PDM 4 -4  and PDM 4 -6 , 

Consequently , f u r th e r  development o f  th e  p a r t i a l l y  d e fin e d  media was 

based  on PDM 3, end s in ce  th e  a d d itio n  o f  o v o le c ith in  had r e s u l te d  

i n  good grow th, th e  com binations o f  supplem ents chosen f o r  s tu d y  were 

designed  to  in v e s t ig a te  t h i s  requirem ent* During t h i s  s ta g e  o f  th e  

experim ent th e  fo u r  supplem ents A, B, C and D were added to  th e  b a s a l  

medium, w ith o u t endeavouring to  d e fin e  th e  v itam in  requ irem en ts o f  

0 *^0v i s ,

âefônoçl 5 )

The b a s a l  medium was th e  some as  PDM 3$ w ith  th e  a d d it io n  o f  th e  

fo u r  supplem ents A, B, 0 and D,

The groTfth o f G, bovis. s t r a i n s  12/*. and 147 i n  t h i s  medium was 

determ ined a f t e r  th e  fo llo w in g  ad d itio n s*

O vo lec ith in
DL-

th io o t io
ao id

G lycero l Y east
e x t r a c t

Sodium
o le a te

Aqueous 
e x t r a c t  

o f  c a se in

E th an o lio  
e x t r a c t  

o f  c a se in

PDM 5-1
PDM 5-2 + 4
PDM 5-3 f
I M  5-4 +
PDM 5-5 4* •f
PDM 5-6 4*
PDM 5-7 4* 4-
PDM 5-8 4- 4* 4*
PDM 5-9 4* 4- 4-
FDM 5-10 + 4- 4- 4 4-
PDM 5-11 •f 4' 4*
PDM 5-12 + 4'

C .bovis s t r a i n  124 was in o c u la te d  in to  PDM 5 -1 , PDM 5 -2 , PDM 5 -3 , 

PDM 5 -4 , FDM 5 -5 , FDM 5-6 , PDM 5 -7 , PDM S-B and PDM 5 -9 . C .bovis 

s t r a i n  147 was in o c u la te d  in to  PDM 5 -1 , PDM 5 -2 , PDM 5 -3 , PDM 5 -5 ,



PDM 5*6, PDM 5 -7 , PDM 5-8» I%M 5 -9 , PDM 5-10 , PDM 5-11 , and PDM 5-12 . 

S e su ltf l

Til© tu r b id i ty  re ad in g s  o f  th e  c u l tu re s  o re  shorn  in  Tabic 14, 

and s e le c te d  grovrth curves i n  F igure  1* The ‘’c o r re c te d  tu r b id i ty  

u n i t s "  (C.T.U$) c o n s is te d  o f  th e  nepholom otor re ad in g s  o b ta in ed  w ith  

th e  d i lu te d  c u l tu re s  c o r re c te d  b o th  f o r  th e  d i lu t io n  th a t  was c a r r ie d  

o u t b e fo re  th e  nephelom etric  d e te rm in a tio n s  fmd f o r  th e  tu r b id i ty  o f  

th e  u n in o o u la ted  medium. N eg lig ib le  grotfth o f  Q .bpvis s t r a i n  124 was 

o b ta in ed  in  PDM 5 -1 , PDM 5^4, PDM 5 -5 , PDM 5 -6 , PDM 5 -7 , and no growth 

was o b ta in e d  in  PDM 5-9* N eg lig ib le  growth o f 0 .bo v is  s t r a i n  147 was 

o b ta in ed  in  PDM 5 -1 , H)M 5 -5 , PDM 5 -6 , PDM 5-7  and no growth occurred  

i n  PDM 5-9* Thus, th e  g ro w th -s tim u la tin g  p ro p e r t ie s  o f  o v o le c ith in  

were confirm ed. T his requ irem ent f o r  l e c i t h in  was n o t capable o f  

b e in g  re p la c e d  by sodium o le a te ,  b u t i t  was p o s s ib le  th a t  th e  sodium 

o le a te  v;as a c tu a l ly  in h ib i to r y  to  th e  organism s, th e  i id i ib i to ry  e f f e c t  

b e in g  removed by  th e  a d d it io n  o f le o i t l i in  (Kodioek and Worden, 1945; 

Kodioek, 1949). Growth o f  th e  two s t r a i n s  i n  PDM 5-3  in d ic a te d  th a t  

th io c t io  a o id  ( o ^ -lip o io  ao id ) was n o t re q u ire d  f o r  growth, although  

C .bovis appeared  to  be s l ig h t ly  s tim u la te d  by i t s  presence*

F u rth e r  s e r io  a _ u s i |^

Sine© th e  o v o le c ith in , a lth o u g h  o f 99-100$ p u r i ty  , was a  n a tu r a l  

l e c i t h i n  e x tra c te d  from egg-yolfc, s t im u la tio n  o f  growth o f C .bovis 

could  have been due to  one o r  more o f th e  many o th e r  su b stan ces  p re s e n t 

in  th e  p re p a ra t io n  a s  t r a c e s .  Consequently in  t h i s  n ex t s e r ie s  o f 

m edia, o v o le c ith in  was re p la c e d  by sy n th e tic  l e c i t h i n s  ( s y n th e t ic



gABLB Ik . G-myjffl: o? c .b o v is  sk raik s m  mo it.7  iw

tmpim! mis 5

Medium and
Growth o f  C.bov3*s. in  C.T.U. a f t e r  in c u b a tio n  

f o r  th e  fo llo w in g  tim es (hou rs) M icroscopic
organism 28 h 71 h 98 h 172 h 216 h appearance

C .bovis 
s t r a i n  124 
PDM 5-2 2 70 82 96 120 ty p ic a l
m iî  5-3 1 68 80 96 106 T yp ical
PDM 5-8 34 68 108 126 Tyi^ioal

TBB 14 33 71 130 157 T ypical

C .boyis 
s t r a i n  147 
PDM 5-2 0 74 98 95 100 l a i c a l

■PDM 5-3 0 60 72 73 85 T ypical
PDM 5-8 95 110 120 1% l*y}yioal
PDM 5-10 22 102 102 104 112 Thin ro d s

PDM 5-11 15 101 100 100 108

p a le ly
s ta in in g
T ypical

PDM 5-12 2 100 115 116 116 T ypical

TSB 4 66 81 114 122 T ypical
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IliaaaJ.* swirn .%? l%..m Bm:'Mai3r
d efin ed  5

a) The growth determined tu rb id im e trica lly  (expressed in  
Correoted T u rb id ity  U nits) o f G.bovis s t r a in  147 i n  PDM 3#

b) The growth determined tu rb id irao trio a lly  (expreseed in  
C orrooted  T u rb id ity  U n its)  of C.bovis s t r a in  124 in  PDM 5*

Open o:lrclee, 80 mg of ovo lecith in  added per l i t r e  of PDM 5 
(PDM 5~3).

open squares, 80 mg of ovo lecith in  ajid 10 ug o f  0L**thioctio 
ac id  added per l i t r e  of PDM p (FDM 5-2)

Open tr ia n g le s , 80 mg of ovo lecith in , 10 of D L-thioctio
acid and 10 mg o f sodima o lea te  added per 
l i t r e  o f  PDM 5 (PDM 5*8)

Broken lin e s  in d ica te  the minimum and maximm growths i n  
tryp tose sorimi b ro th  containing d if fe re n t batches o f sermi 
(T8B).
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-»di.palm itoyl L- oC «► phoaphatidjlcholine, o r  th o  raoem ic form ) *

The b a s a l  medium vms th e  same as PDM 5» w ith  th e  a d d itio n  o f 

th e  fo u r  supplem ents A, B, G and D* The growth o f  G .bovis s t r a i n s  

1%  and 147 in  t h i s  medium was determ ined a f t e r  supp lem entation  as 

in d ic a te d  below*

PDM 5*^13 : 4' D li^ th loo tio  a c id  and sodium o le a te

PDM 5^14 : T D L -th io o tic  ao id  and o v o le o itM n  (4  m g/l)

PDM 5*13 : f  DL - t h i o c t i o  ao id  and L- tL - l e c i t h i n  (80 m g/l)

PDM 3 - l6  5 4* D L -tliio c tio  ao id  and I** oC - l e c i t h i n  (8  mg/1)

FDM 5-17 : 4" D îî- tîiio c tic  ao id  and sodium -gly(?erophosphate (40 mg/x)

PDM 5-1S Î 4- D L -th io c tio  ao id  and sodium -g lyo ero p h o sp h ate  (4 mg/1)

PDM 5*19 # 4- D l^ th io c tio  a c id  and g lyoerophosphorio  ao id  (̂ fO mg/1)

PDM 5-20 I 4 D L -th io o tio  ao id  and g lycerophosphorio  a o id  (4 m g/l)

PDM 5-21 : 4- D L -th ioo tio  a o id  and ethm iolam ine phosphoric  a o id  (40 mg/1)

PDM 5-22 : 4* D L -th loo tio  a c id  and ethonolam ine phosphoric  a c id  (4 ®gA)

PDM 5-23 :  ̂ D L -th io o tic  ao id  and DIi- U - l e c i t h i n  (80 m g/l)

PDM 5-24 : 4’ D Im thlootio  ao id  $md D3> - l e c i t h i n  (8 m g/l)

80 mg -d ip a lm ito y l-’b - ( / . - l e c i t h i n  ( s y n th e t ic ,

p u riss*  ohrom atograph ioally  p u re , m anufactured by Fluica AO, Buohs »S(r, 

8 w itg o rlan d ), were d is so lv e d  i n  10 ml ab so lu te  e th a n o l (AH grade) and 

s t e r i l i s e d  by f i l t r a t i o n *  To o b ta in  a  nom inal c o n c e n tra tio n  o f  80 mg 

l e c i t h i n  p e r  l i t r e  o f medium, 0*25 ml o f  s o lu t io n  was added to  25 ml 

o f  medium* During th e  a d d it io n  o f  th e  s o lu t io n ,  th e  t i p  o f  th e  p ip e t te  

was h o ld  b en ea th  th e  su rfa c e  o f  th e  medium which was sw ir le d , in  o rd e r 

to  o b ta ta  r a p id  d is p e rs io n  o f  th e  le c i th in *
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aoaiuœ /î~6 lyoorophosphate ( B r i t i s h

Drug Houses L td * ), 400 mg, wore d is so lv e d  in  100 ml g l a s s - d i s t i l l e d  

w ate r and s t e r i l i s e d  by f i l t r a t i o n .  To o b ta in  a  nom inal c o n c e n tra tio n  

o f  40 mg p e r  l i t r e  o f  medium, 0*25 ml o f  s o lu t io n  was added to  25 ml 

o f  medium*

& G i^  g lyoorophosphoric  a o id  ( B r i t i s h  Drug Houses 

L td . ) ,  400 mg, were d is s o lv e d  in  100 ml o f  g l a s s - d i s t i l l e d  w ate r and 

s t a r i l i s o d  by  f i l t r a t i o n *  To o b ta in  a  nom inal o o n o o n tra tio n  o f  40 

mg o f g lycero p h o sp h o ric  a o id  p e r  l i t r e  o f  medium, 0 .2 5  ml o f  s o lu t io n  

was added to  25 ml o f  medium*

Ethanolpm in^ ©thanolamine p hosphoric  ao id  ( B r i t i s h

Drug Houses L td * ), 400 mg,were d is so lv e d  in  100 ml o f  g l a s s - d i s t i l l e d  

w ater and s t e r i l i s e d  by f i l t r a t i o n ;  0*25 ml was added to  25 ml o f  

medium to  o b ta in  a  nosainal co n c e n tra tio n  o f  40 mg/l*

Sfel 80 mg o f  Y -d ip a lm ito y l DL- oC - l e c i t h i n ,

( s y n th e t ic ,  p u rim) (m anufactured by  F luka AO, Buohs 80, S w itze rlan d ) 

ware d is s o lv e d  in  10 ml o f a b so lu te  e th a n o l (AH g rad e) and s t e r i l i z e d  

by  f i l t r a t i o n *  To o b ta in  a  nom inal c o n c e n tra tio n  o f  80 mg o f  l e c i t h i n  

p e r  l i t r e  o f  medium, 0*25 ml o f  s o lu t io n  was added to  25 ml o f  medium.

The tu r b i d i t y  o f  th e  c u l tu re s  i n  C o rrec ted  T u rb id ity  U n its  (CfU) 

a re  shovm i n  Table 15» and s e le c te d  grovjth cu rv es  a re  shown i n  F ig u re  

2*

The s u b s t i tu t io n  o f  sy n th e tic  l e c i t h i n  f o r  o v o le c i th in  su p p o rted  

th e  grow th o f b o th  s t r a i n s ,  a lth o u g h  l e s s  growth was o b ta in e d .

S y n th e tic  DL- o( - l e c i t h i n  r e s u l te d  in  s l i g h t ly  g r e a te r  t o t a l ,  growth



15. &mmi o? c«bovis si'Mr.Hs 1% mo 147 m  mi3)ium ppm 5
w n i i l i n i w w iia t  I < n r n « t M E »  i  m u      r » >iiiw » w a n > — i i i i t * ii « » i w * « »>

Mediim
and

Crowzth o f  G»bovis i n  C.T.U* a f t e r  in c u b a tio n  
f o r  th e  fo llo w in g  tim es (hours) M icroscopic

organism 22h 43h 69h 93h 117h I63h 209Î1 282h appearance

C .bovis 
S tr a in  12̂ .1-
PDM 5-2 0 2 64, 97 110 136 140 143 T yp ica l
PDM 5-15 0 0 2 1 2 4 1 0
PDM 5^14 0 0 2 2 0 3 1 1
PDM 5*15 0 2 34 40 38 36 56 54. T yp ical
FDM 5*16 0 0 0 0 «*•
PDM 5^17 0 0 2 3 1 3 Mr 0H

PDM 5*18 0 0 1 41 66 86 99 86 Abnormal i n  morphology

PDM 5-19 0 0 31 S3 70 69 69 70
and s ta in in g *  
Extrem ely sh o r t ro d s .

PDM 5*^0 0 0 1 50 65 72 71 75
G-ram-pbsitive 
Abnormal i n  morphology

PDM 5-21 0 2 76 77 76 79 79 79
and s to n i n g  
ISztremoly sh o r t  ro d s ,

PDM 5*22 0 0 0 0 0 0 0 0
6raïïÿ*po s i  t i v e

PDM 5-25 5 22 41 40 43 5 2 60 60 Ty%)ioal
PDM 5-24 0 0 0 7 91 103 105 105 .^norm al i n  morphology

TSB 15 60 80 90 96
and s ta in in g  
T yp ica l

C•bovis 
s t r a i n  147

PDM 5*13 0 0 2 1 2 1 1 0
PDM 5-14 0 0 2 2 1 2 1 3
PDM 5*15 2 20 35 38 40 37 38 /j.O T y p ica l
PDM 5*16 0 0 0 0
PDM 5*17 0 0 0 2 2 1
mM 5*16 0 0 1 2 0 1 1 0
PDM 5-19 0 0 0 0 0 0 0 0
PDM 5-20 0 0 0 0 0 0 1 0
PDM 5*21 0 0 1 1 1 1 0 2
PDM 5-22 0 0 1 1 2 1 1 0
PDM 5*23 16 30 42 39 39 45 60 59 T yp ica l
PDM 5*%' 1 0 0 0 0 0 0 0

TSB 62 98 110 105 140 13B 138 T y p ica l
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Figure 2. Grov t̂li o f G.bovis s tra in s  147 and in  p a r t ia l ly

d e fin e d  medium 5

a) The growth determined tui*bicllmetx'ioally (expressed in  
Corrected T urbid ity  U nits) of C»boyis s tra in  147 in  PDM 5.

b) 9?he growth determined tu rb id im e tr ic a lly  (expressed in  
Gorreoted T urb id ity  U nits) o f G.bovis s t r a in  124 in  PDM g#

Open tr ia n g le s , 80 mg o f ovo lec ith in  mid 10 yuug of D L-thioctio
aoid added per l i t r e  of FDM 5 (PDM 5-2)
80 mg of syn the tic  )> o /- le o ith in  and 10 ug  
of DÎJ-thioctio aoid added per l i t r e  o f PDM' g 
(PDM 5-15)
80 mg o f s;yntlietic D 3 > /- le c ith in  and 10 u-g 
o f DTj-thiootio ac id  added per l i t r e  o f Pml $ 
(PDM 5*23)
8' mg p f syn the tic  Dir*/ - l e c i t h i n  and 10 ug 
o f  DJ.J-th io c tio  ac id  added per l i t r e  o f PDM 5 

M 5*24)*

open tr ia n g le

Open squ6%res,

Open c i r c l e s .

P lus signs',

Broken l i n e s  in d ic a te  th e  minimum and maximum groutho  i n  
t ry p to s e  serum b ro th  c o n ta in in g  d i f f e r e n t  ba to h o s o f serum
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th a n  v/as ohtaânod w ith  s y n th e tic  Im **leoithin* G-rowth was o b ta in ed  

when o v o le c ith in  o r  s y n th e tic  l e c i t h in  v/as p re s e n t in  a  c o n c e n tra tio n  

o f  80 m g/i b u t no growth o ccu rred  when th e  c o n c e n tra tio n  was reduced  

to  8 mg/lU. ï h a t  th e  growth resp o n se  wan n o t due to  th e  a d d itio n  o f  

th e  e th a n o l u sed  as  th e  so lv e n t f o r  th e  l e c i t h i n ,  was dem onstrated  by 

th e  absence o f  grovHîh o f  th e  tv/o s t r a i n s  i n  PDM 5 to  which th e  

a p p ro p r ia te  a^iount o f  ab so lu te  e th an o l had been added w ith  th e  th io o t ic  

a c id . In  th e  case  o f O .bovis s t r a i n  1%. s u b s ta n t ia l  growth was 

o b ta in ed  in  th e  media co n ta in in g  4  mg sodium ^^ -g ly o ero p h o sp h a te /l 

(PDM 5-10)» g lycerophosphoric  a c id  (PDM 5**19 and PDM 5^20) and 40 mg 

ethanolam ine phosphoric  a o i d / l  (PDM 5^21)# In  th e  case  o f  th e  media 

i n  which sodium ^g lycerophosphate  o r  g lyoerophosphorio  a c id  was 

in c lu d ed  a t  a  c o n c e n tra tio n  o f  4  mg/1, th e  growth o b ta in ed  was g ro s s ly  

abnorma].. b o th  i n  i t s  morphology and i n  th e  r e a c t io n  to  &ram*s s t a in .

In  th e  media co n ta in in g  th e  h ig h e r  c o n c e n tra tio n  o f  g lycerophosphorio  

a c id  o r ethanolam ine phosphorio  a c id  th e  o rgan ism s, a lthough  s ta in in g  

G-ram<*positiv©, ware a ty p ic a l  i n  t h a t  they  were predom inan tly  ex trem ely  

s h o r t  ro d s , o f  even d iam eter w ith  th e  u su a l club"#shapes and sw ollen 

ended ro d s b e in g  a b se n t.

In  s p i t e  o f  th e  s l i g h t ly  h ig h e r  grov/th r a t e  and in c re a s e  i n  

y ie ld  o b ta in ed  when Dim o C ^leo ith in  was used  r a th e r  th a n  Im o6^1eoith in , 

i n  subsequent experim ents It* o i*^locith in  was th e  s y n th e t ic  l e c i t h i n  

c h ie f ly  used , f i r s t l y  because o f  th e  g re a te r  p u r i ty  o f  th e  b* o /» le o ith in  

and second ly  because o f  th e  g r e a te r  a v a i l a b i l i t y  o f  th e  l a t t e r .



93

deflried  media

Ih e  r e s u l t s  obtad.ned from th e  use o f  th e  p o r t i a l l y  d efin ed  

mediura PDM 5 in  which th e  two organism s C>boyis s t r a in s  124 and 147 

were ab le  to  grow when sy n th e tic  l e c i t h i n  was added to  th e  medium 

suggested  th a t  a t  t h i s  s tag e  i t  should  be p o s s ib le  to  fo rm ula te  a  

f u l l y  d e fin e d  medj.um w ith  th e  v ite m in -fre e  Gasamino a c id s  o f  th e  

p a r t i a l ] ^  d e fin ed  media being  rep la ced  by nained am1.no a c id s , The 

d is t r ib u t io n  i n  p ro te in s  o f amino ac id s  and t h e i r  in c lu s io n  in  

ty p ic a l  d e fin ed  media i s  shown in  Table 1:6,

In  th e  medium id e n tlf1 ,c a tio n  numbers used  in  t h i s  s e c tio n  th e  

f i r s t  num eral fo llo w in g  th e  l e t t e r s  "PDM" in d ic a te s  th e  b a s a l  mediiun 

used , and th e  su ff ix e d  number r e f e r s  to  a  p a rtio u 3 ,a r type o f 

supplem entation  v/hich i s  c o n s is te n t  th roughout th e  se rie s*  Thus PDM 

FDM 3"^4, FDM e l,l co n ta in  80 mg o v o le c ith in  p e r  l i t r e  o f  

b a s a l medium*

1  J D # U l

In  th e  f i r s t  medium used (FDM 1) th e  v itam in * free  Casamino a c id s  

were re p la c e d  by only  e leven  iunino a c id s , subsequent media be in g  

fo rm ula ted  w ith  in c re a s in g  numbers o f  amino acids* In  a d d itio n  to  

in o rg an ic  s a l t s  and amino a c id s , t h i s  medium a lso  in c lu d ed  th e  

p u rin es  and py rim id in e , adenine, guanine, and u r a c i l  which a re  known 

to  be re q u ire d  by a  number o f  b a c t e r i a ; , in c lu d in g  C*dinhtheriae> 

which was shovm by Dalby and Holdsworth (1936) to  r e q u ire  adenine + 

guanino (o r adenine -f- x an th in e , o r  l^ o x a n th in e )  |  and sodium a c e ta te ,  

which a c ts  as a  grov/th s tim u le n t f o r  many b a c te r ia  {S n e ll ,  1901).
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Vitendjas and grovrfch factors^ vioro added l u  th e  form  o f  th e  supplem ents

Aj B, C and D p re v io u s ly  used*

l l i l s  medium had th e  fo llo w in g  c o n s t i tu t io n s

Sodium ohloïddo (M  grade)
Potassium  dlhydrogen phosphate 

(All g rade)
D ipotassium  liydrogen phosphate
Amion5.um dihydrogen phosphate 

(ajr g rad e )
Magnesium su lp h a te , h yd ra ted  

0 %SOjĵ *7H2O)(AB grade)
Copper s u lp h a te , h y d ra ted  

(CuSO^HpO)(AR grade)
Ferrous s u lp h a te , h y d ra ted  

(PeSC^ *7HgO)(AB grade)
D»Cluoose (ah g rade)
Sodium a G sta te ,iiy d ra te d  

(CîLC00Wa*3H^0)(AH grade)

G l.ass-* d is tilled  w ater to

5 .0  g oC #.Alanino 0 .0 5  6

0 .25  Q 
0*35 g L**Arginine H^l 0 .05  g

0 .5  g Xi-Asparagino 0 .0 5  g

0 .25  g A sp a rtic  a c id 0 .05  g

0.003g Ïr-C ystine 0 .0 5  g

0*007g Ir^Gysteine îîOl 0 .05  g
1 .0  g Ir-Glutaniio ao id 0 .05  g

0*1 g

l i t r e

G lycine (AR grade)
D M teuoine
Xi-Lysine H9i
h ^ P ro lin e
Adenine
Guanine
U ra c il
Choline c h lo r id e

0 .0 5  g 
0 .0 5  g 
0 .0 5  g 
0 .0 5  B
0.01 g 
0*01 g 
0.01 g 
0*01 g

The ino lusio i'i o f  c y s te in e  in  a d d itio n  to  c y s tin e  was p rohab ly  

m m ecessary  s in c e  c y s te in e  i s  o x id ise d  dn n e u t r a l  o r  a lk a l in e  s o lu t io n s  

by atm ospheric  oxygen to  c y s tin e  and th e  l a t t e r  i s  r e a d i ly  converted  

to  c y s te in e  by most organisms*

0?he method o f  p re p a ra t io n  was th e  same as t h a t  d e sc rib ed  f o r  

PDM 1, w ith  th e  h ^ cy s tin e  and guanine b e in g  d is s o lv e d  i n  a  sm all amount 

o f  200 (w/v) o f sodium îx/droxida (AH grade re a g e n t)  wiiich was thou  added 

to  th e  w a te r , a s  before*  A fte r  s o lu t io n  o f  th e  in g re d ie n ts ,  th e  medium 

was au to c lav ed  f o r  3 m inutes a t  108^0, coo led  and th e  r e a c t io n  a d ju s te d  

to  pH 7#2* The medium was then  c l a r i f i e d  by  f i l t r a t i o n  th rough  a  Grade 

K5 C arlson-F ord  a sb e s to s  f i l t e r ,  d i s t r ib u te d  in  25 m3, amounts in  100 ml
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H rlm m eyer f la s k s  f i t t e d  w ith  s ta in le s s  s t e e l  c lo s u re s , and s t e r i l i s e d  

by autoclaviîxg  a t  115^C f o r  20 m in u tes .

Af-ber s t e r i l i s a t i o n  th e  v itam in  mad grow th f a c to r  supplem ents A, 

B, G and 1) were added a s e p tic  a l l y .  Grovrfch o f  0 . bo v i s  s t r a i n  12k was 

determ ined  in  tW .s medium w ith o u t f u r th e r  supp lem en ta tion  (FDM 1<*1) 

and a f t e r  supplem entation  a s  in d ic a te d  below*

FDM 1-2 8 li- oC -leoitloin (80 m g/l)

FDM 1-3 : -î* 0]> o6 - l e c i t h i n  (80 m g/l)

FDM I'^k 8 -1' o v o le c ith in  (80 m g/l)

FDM 1-5 : -1' sodium ^  -g ly ce ro p h o sp h a te  (40 m g/l)

FDM 1-6 : glyoeropho sphorio  ao id  (40 m g/l)

FDM 1-7  : ‘Î- e thanolandne phosphoric  a c id  (40 m g/l)

FDM 1-8 : + Tiveen 80 (5 m l/ l)

FDM 1-11x5 Tween 80 (5 m l/ l )  and B- c / - l e c i t h i n  (80 mg/1)

FDM 1-12x5 4- Tvæen 8Q (5 m l/ l )  and DXi- o( - l e c i t h i n  (80 mg/1)

Tr/een 80^ Polyoxyethylene s o rb ita n  monooleato (Tvæen 80, m anufactured 

by  A tla s  Chem1.ocl. I n d u s tr ie s  I n c . , Delaware and d i s t r ib u t e d  by ' 

Honeyvd.ll and S te in  L td . ,  O arstu ilton , S u rrey ).

No grovrth o f G.bo v is  s t r a i n  124 o ccu rred  in  any o f  the  m edia.

â®£%>â as£iap\.2 jgD M  g)

TW,s mediiim was s im ila r  to  FDM 1, b u t v d th  th e  a d d it io n  o f 

L -h ls t id in e  HOI, Dl&rmetliionine, DImser:lne, DL-threon:Ine and Dïi- 

try p to p h aa , which were added to  th e  mediuia i n  th e  i n i t i a l  s ta g e s  o f 

p re p a ra t io n , each a t  a  c o n c e n tra tio n  o f  0 .0 5  B p e r  l i t r e  o f  medium.
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V itam in and groivth f a c to r  supplem ents A, B, C and D were added a f t e r  

s t e r i l i s a t i o n  a s  b e fo re .

The growth o f  G .boyis s t r a i n s  124 and 147 was determ ined  i n  l i i i s  

medium w ith o u t f u r th e r  supp lem en tation  (FDM 2 -1 ) and a f t e r  supp lem en ta tion  

as in d ic a te d  below*

FDM 2-2  s 4- L- o i - le o i th in  (80 mg/1)

FDM 2-3  Î ^ Dîi-</- l e c i t h i n  (80 m g/l)

FDM 2-4  : ‘Î* o v o le c i th in  (80 m g/l)

FDM 2-5  : 4' sodium p -g ly ce ro p h o sp h a te  (40 % / ! )

FDM 2-6  t 4 g lycorophosphorio  ao id  (40 m g/l)

FDM 2-7  : 4* ethanolam ine phosphoric  ao id  (/j-O m g /l)

The t u r b i d i t i e s  o f  th e  ouX tures in  C o rrec ted  T u rb id ity  U n its  

(CTU) a re  shown in  Table 17 and s e le c te d  gï»ovHîh cu rves a re  shown in  

F ig u re  3* Growth o ccu rred  ;ln th e  media c o n ti^ n in g  n a tu r a l  l e c i t h i n

and s l i g h t  grovrbh o ccu rred  i n  th e  media c o n ta in in g  s y n th e tic  le c i th in *

The growth o b ta in ed  in  th e  media c o n ta in in g  s y n th e tic  le c i tM n s  

was c o n s id e ra b ly  l e s s  th a n  th a t  o b ta in ed  i n  th e  e q u iv a le n t p a r t i a l l y  

d e fin e d  media (PDM 5) c o n ta in in g  th e  a p p ro p r ia te  l e c i t h i n s .  A part 

from  th e  p r o b a b i l i ty  t h a t  th e  b a s a l  medium was n o t a s  s u i t a b le  as PDM 5 

i t  vjas n o ted  d u rin g  th e  p re p a ra t io n  o f  FDM 2-2  and FDM 2-3  th a t  

n e i th e r  o f  th e  s y n th e tic  le o i tM n s  gave as  f in e  a  d is p e rs io n  as  t h a t  

o b ta in ed  when i t  was added to  th e  p a r t i a l l y  d e fin e d  medium, some 

p a r t i c l e s  b e in g  r e a d i ly  v i s ib le  to  th e  naked eye b y  o b liq u e  l ig h t in g .

The n a tu r a l  o v o le c i th in  d isp e rse d  more r e a d i ly ,  p ro b ab ly  due p a r t l y



TiiBXaS 17 GHOy/T

m  ttEDIM OTM 2

Medium and 

organism

GrovjtXi o f  G.boviSs i n  GTÜ, a f t e r  in c u b a tio n  f o r  
th e  follovdLng tim es (hours) î^üorosoopio

appearance9Jkh 48h 76h 101h 121h 142h l66h 190h

C .bov is
M r a l T l M
PDM 2-1 0 0 0 0 0 0 0 0
ÎW  2-2 0 0 2 4 4 6 4 4
BM: 2-3 0 0 0 2 2 2 0 0
PDM 2-4 0 6 10 12 14 12 14 15 T yp ica l
PDM 2-5 0 0 0 0 0 0 0 0
PDM 2-6 0 0 0 0 0 0 0 0
PDM 2-7 0 0 0 0 0 0 0 0

ÏSB 18 40 140 220 235 242 240

50h ?2h 121h 142h 16811 192h 215h

C .boyls
s t r a l i f l M
OTl 2-1 0 0 0 0 0 0 0 0 0
PDM 2-2 0 12 10 12 16 14 14 Small

o o o c o b a o ill i
PDM 2-3 0 0 20 26 26 24 28 28 22 T y p ica l
PDM 2-4 2 2 42 96 124 116 112 102 100 T yp ica l
PDM 2-5 0 0 0 0 0 0 0 0 0
PDM 2-6 2 2 4 2 4 2 2 2 2
PDM 2-7 0 0 0 0 0 0 0 0 0

ÎSB 32 52 60 65 76 75 85 80 90
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3* Growth of G. bo v is  strain  1ij-7 in  fu l ly  defined mediim 2

Open squares, 80 mg o f syn thetic  !)*• oC**lecitixln added per l i t r e  
of FDM 2 (FDM 2-2)

Open c ir c le s ,  80 mg of syn the tic  DL-o6-leoith1.n added per l i t r e  
of FDM 2 (FDM 2-3)

Open tr ia n g le s , 80 mg o f ovo lec ith in  added per l i t r e  o f BDM 2 
(FDM 2-4)

■Broken l in e s  in d ica te  the minimum and max ĵaum gi’owths in  tryp toso  
serum b ro th  contaixiâJig d if fe re n t batches of serma (TSB).

Figure. 4* Growth of C.bovis stradn  147 1-n fu l ly  defined medium 2

u p o n  s q u t u / v s ,  i iu .  y i  u v  a u u u u  p e r  r i . x w u  oju x*uiu c  j
Open c i r c le s ,0.05 ml of Tivecn 80 added per l i t r e  o f FDM 2 (FDM 2-10) 
Plus signs, 0*05 ml of Tween 80 and 80 mg of I ; - ^ - le c i th in  added 

per l i t r e  o f FDM 2 (FDM 2-11)

Broken lin o s  in d ica te  the minisiuBi and maximum groidîhsin tïy p to se  
serum b ro th  containing d if fe re n t batches o f serum (TSB).
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to  th e  prosenoo o f  t r a c e s  o f  surface-**active su b stan ces b u t  m ainly  to  

th e  f a t t y  a c id s  i n  n a tu re !  l e c i tM n  b e in g  h e terogeneous, th e  f a t t y  a c id s  

o f  o v o le c ith in  in c lu d in g  o le io  a c id  (45/0 ^ d  p a lm itic  a c id  (32/2)

(Romanoff and Romanoff, 1949)* In  o rd e r to  improve th e  dd.spersion o f 

th e  s y n th e tic  l e c i t h in s  in  subsequent s e r ie s  media were p rep a red  \r l th  

th e  a d d i t io n  o f sm all aiw unts o f  Tween 80 a s  s o lu b i l i s e r  fo llow ed  by th e  

a d d it io n  o f  th e  a p p ro p r ia te  s y n th e tic  l e c i t h i n .

No grow th o f C .bovis s t r a i n  1%. occu rred  in  media supplem ented v â th  

glyoeropho spho rio  a o id , sodium ^ -g ly c e ro p h o sp h a te  o r  ethanolam ine 

X>hosphorio a o id .

The medium was supplem ented by th e  fo llo w in g  a d d i t io n s :

RDM 2-8  : 4' Tween 80 (9 m l/ l )

RDM 2-9 ; I'weon 80 (0 .5  m lA )

2-10 : ^ Tween SO (0 .05  m lA )

J&DM 2-11 s i- Tween 80 (0 .05  m l/ l )  and Im o( - l e c i t h i n  (80 m g/l)

RDM 2-12 Î f  Tween 80 (0 .05  m l/ l )  and OL- - l e c i t h i n  (80 m g/l)

PDM 2-13 : IVoen 80 (Q05 m l/ l )  and ovoleoitïL in  (80 m g/l)

The grovith o f  Ĝ .b̂qy i ŝ s t r a i n  147 was determ ined  12), a l l  si% m edia, 

and th e  growth o f  C .bovis s t r a i n  1%  was determ ined jji ITDM 2-11 and RDM 

2- 12.
& % u lts

The t u r b i d i t i e s  o f  th e  c u l tu re s  i n  C orrec ted  (Cuibidj.ty u n i ts  (CTîî) 

a re  sho\m in  Table 18, w ith  s e le c te d  grov/th cu rves shovai in  f ig u re  4*

C oryneb go t  erium  bo v is  s t r a i n  147 grew b e t t e r  i n  th e  medium (PDM 2-11)



TABLE 1 8 . G-ROWTH 0?  C.BOVIS STKATOS 12k MD 147

ÏH mOIUM EDM -  2

MGfllum and
Grofftb o f  O .boyis. i n  CTU, a f t e r  In cu b a tio n  

f o r  th e  fo llo w in g  tim es (hours)

organism 23h 45h 70h 92h 123h I6lfli 187h 213h

G .'bovis 
s t r a i n  1%  
FDM 2-11 0 2 2 0 0 0 0 2
FDM 2-12 0 2 4 mm - •m

24h 43h 70h 95h 1l6h 143h I65h 184h 211h

s t r a i n  147 
FDM 2-8 0 2 4 12 20 20 %. 24
FDM 2-9 0 2 32 42 % 56 6 2 64 66
FDM 2-10 0 2 6 8 12 12 12 12 12
FDM 2-11 0 10 36 52 72 86 88 86
FDM 2-12 2 0 2 2 4 18 28
FDM 2-15 0 0 42 7-ii. 82 84 aii. 84 m
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i n  wM.ch th e  L- ( / - l e c i t h i n  was s o lu b l l ia e d  by Tvmen 80 th a n  i t  d id  

in  th e  modiimi (FDM 2-2 ) which was sux)pleraonted by b -  ( / - l e c i t h i n  

a lo n e . The raodium contsd.ning 0#0g$o IHvoen 80 (FDM 2 -9 ) a3.so supported  

rea so n ab ly  good growth o f  s t r a i n  147» N e v e rth e le ss  th e  growth

in  th e se  two media was o n ly  com parable w ith  th e  lo w es t growth le v e l  

O btained w ith  t r y p to s e  serum b]?oth* In  view o f t h i s ,  and o f  th e  

n e g l ig ib le  grovrbh o f  s t r a i n  1%  in  th e  le c i th in - c o n ta in in g

mediRg th e  b a s a l  medium was m odified  by th e  a d d it io n  o f  f u r th e r  amino 

acids*

D uring t h i s  s e r ie s  o f experim ents, d u p lic a te  s o ts  o f  f la s k s  

c o n ta in in g  25 ml aiaounts and 50 ml amounts o f  in o c u la te d  media showed 

th a t  th e  a g i ta t io n  dm 'ing in c u b a tio n  allow ed th e  amoimt o f  medium In  

a  100 ml ilrlenm oycr f l a s k  to  be in c re a se d  to  50 iiû. w ith o u t n o tic e a b ly  

a f f e c t in g  th e  groivth o f th e  b a c te r ia *

F u lly  d e fin e d  mediiva 3 (FDM 3)

The f u l l y  d e fin e d  medium 3 was b a s ic a l ly  th e  same a s  FDM 2 b u t 

aftei*  s t e r i l i s a t i o n  a  s t e r i l e  supplcsiient o f  9 amino a c id s  was added 

a s e p t i c a l l y  In  a d d i t io n  to  th e  Supplements A, B, G and D, The 

a d d i t io n a l  andno a c id s  w ere:

1) -om lnobu ty rio  a c id  (2 -am in o -n -b u ty rio  a o id ) ,  an  amino a c id  th a t  

has been  found re p e a te d ly  In  anim al t i s s u e s  (T sch ie rso h  Si Mothes ,19&3) 

and has a ls o  boon re p o r te d  In  h y d ro ly sa te s  from  0orynebacterXum 

d ip h th e r j^ e (Work 1949)» a lthough  i t s  p resen ce  in  ao id  h y d rc ly sa te s  

could  be due to  i t s  secondary fo rm ation  from th re o n in e  (T soh lorsch  & 

Mothes, 1963) ;
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2) c i l t r u l l ln s  and ox^nithine, in te rm ed iaxy  p ro d u c ts  in  th e  u re a -c y c le  ;

5) c r e a t in in e ,  ^ p o ten tia lly  u s e fu l  as an energy so u rce j

4 ) byclroxyprroline, r e q u ire d  by a number o f  b a c te r ia  and found by  Work 

( I9 t9 )  i n  h y ax o ly sa to s  o f  G .a iph they lapJ

5) I s o la u o in e , phosiy laltm ine, and v a l in e ,  r e g u la r ly  found i n  p ro te in s  

and re q u ire d  by  a  number o f  b a c te r i a ;  and

7) tam ?ine, found in  a l l  p ro te in s*

0*3 g D l i - a - a m n o - ^ u ty r io  a c id , 0 .5  B 

D ï^ c i t r u l l in e ,  0*5 ë  ox’e a t in in e ,  0*5 g M iydx 'oxypro line , 0 .5  g 

B îi- iso le u c in e , 0*5 g D 3>om ith ine h y d ro ch lo rid e , 0*5 g B L -phenylalaniîïe , 

0*5 g ta u r in e  and 0*5 g Dh-vgilzWe were dà^ssolved in  100 ml o f  g la s s -  

d i s t i l l e d  w ate r and s t e r i l i s e d  by f i l t r e i i o n *  To g iv e  a  f i n a l  nom iaa! 

Gono e n t r â t  io n  o f  0*05 g o f each amino ao id  p e r  l i t r e  o f  medium, 0 .5  ml 

o f  th e  su%jplement was added to  each 50 ml o f b a s a l  medium*

The gx‘owth o f  C .bovis s t r a i n s  1%. and 147 i u  t h i s  medium was 

detoxvaljued w ith o u t f i^ r th e r  a d d itio n s  and a f to r  supp lem en ta tion  as  

fo llo w s .

FDM 3*1 Î No supp lem en ta tion

FDM 3-2 I 'i' JÜ- ( / - l e c i tM n  (80 m g/l)

FDM 5*3 s 4' DIï- ( / - l e c i t h i n  (80 mg/l)

FDM 3*4 i 4- o v o le c i th in  (80 m g/l)

FDM 3-8 Î -Î- Ttveen 80 (5 la l / l )

FDM > 9  : -Î- IVemx 80 (0*5 m l/ l)

FDM 3-10 : i. Tween 80 (0 .05  m l/ l )

FDM 3*11 : f  Tween 80 (0 .05  ï ï t l / l )  mid L -< /.- le c itM n  (80 mgA)
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FDM 3*12 : 4' TvTcen 80 (0 .05  m lA ) m à  Dim oC - l e c i t h i n  (80 m g /l)

FDM 3*13 : 4- Tween 80 (0 .05  ml A )  and o v o le o itii in  (80 mg A )

Tlie 3dnc0 th e re  have been many r e p o r ts  o f

in h ib i t io n  o f  b a c t e r i a l  growth b e in g  caused by th e  in c lu s io n  o f g lucose  

i î j  medrla b e fo re  au to c la v in g  (see  Meynell and M oynell, 1965) th e  

p re p a ra t io n s  o f  th e  two media FDM 3^9 and FDM 3-11 were a ls o  m odified  

by o m ittin g  th e  g lucose from th e  b a s a l  medium b e fo re  a u to c la v in g . The 

appropzdate maount o f  a  f i l t e r - s t e r i l i s e d  W% (w/v) s o lu t io n  o f 

g lucose was added to  th e  f la s k s  o f s t e r i l e  mediim to g e th e r  w ith  th e  

o th e r  supplem ents (FDM 3-98- mad FDM 3-11G). Media w ith  the  g lucose 

om itted  were a lso  in o c u la te d  and in cu b a ted  (FDM 3 -9 %  and FDM 3 -1 1 % ).

The amount o f  gror/th  ob ta in ed  in  th e  m edia, eaq^ressed i n  term s 

o f  c o r re c te d  t w b i d l t y  u n i t s ,  i s  shovaa Ixa Table 19*

The b a s a l  medium appeared more s a t i s f a c to r y  than  FDM 2, w ith  

f i r s t l y  G .bovis s t r a i n  124 g iv in g  grovrbh i n  th e  media co n ta in in g  

sy n th o tio  l e c i t h i n  s o lu b i l is e d  vd.th Tv/een 80, and secondly  th e  r a t e  

o f  grovrbh and y ie ld  o f  C .bovis s t r a i n  147 in  th e  medium c o n ta in in g  

0.05/O %7een 80 (FDM 3-9) was much g re a te r  th an  in  th e  equiva3.ent 

medium u sin g  th e  sin ip ler b a s a l  mecUama (FDM 2-9) and compfU'*ed w e ll vrlth 

th e  amount o f  grov;th o b ta in e d  in  serum b ro th .

CqrynobaQteriuitt b o v is  s t r a i n  1%  was su c o e s s fu lly  c a r r ie d  th rough  

seven su ccess iv e  su b c u ltu re s  In  th e  tvm media FDM 3-9 and FDM 3-11, and 

s t r a i n  147 was su c c e s s fu lly  t r a n s f e r r e d  through n in e  su b c u ltu re s  i n  

th e se  two m edia. Thus growth o f th e  organism s in  th e  madia d id  n o t



1 9 . GROTO OF C.BOVIS STRAINS 12ft Æ.P 1A7 IH îffiDlTO FDM 3

MocHum and 
orgaizdsm

Grov/th o f  G .bqyis in  C.T.U. a f t e r  in c u b a tio n  
f o r  th e  folloidLng tim es (hours) îfM.oroseopio

appeoranoe23h 45h 70h 92h 123h I64h I 87I1 213h

£.]bqvis
s t r a i n  1%
mu > 1 0 0 0 0 0 0 0 0
FDM 3*10 0 4 26 34 3!*. 36 34 36 T yp ica l
FDM 3-11 0 0 6 52 7/j. 86 90 82 T yn ica l
I'DM 3*12 4 12 68 78 86 % 80 82 ty p ic a l
FDM 3*13 t- 46 112 114 112 114 114 116 T y p ica l

C .bovis
s 'S a in  147
FDM 3*2 2 6 6 6 8 6 6 8 T y p ica l
FDM 3-3 0 6 6 6 4 6 6 6 T yp ica l
FDM 3*4 20 58 80 84 84 82 80 84 T yp ica l

C .bovis
s t r a i n  124 24h 48h 76h 101h 121h 142h l66h 190h
FDM 3*2 0 0 4 8 6 4 6 6
FDM 3*/;. 0 12 32 3̂ î. 32 34 34.

£ .b£V is
s t r a i n  12;.7 23h 43h 70h 95h 1l6h 143h l6Sh 184h 211h
FDM 3*1 0 0 0 0 0 0 0 0 0
FDM 3*8 2 10 20 20 16 18 16 22 30 Abnormal
FDM 3*9 4 106 114 114 112 114 110 T ypical
FDM 3*10 2 8 14 12 12 12 12 12 Abnozmaal
FDM 3*11 4 % 40 % 78 100 98 96 T yp ica l
FDM 3*12 2 30 48 68 88 92 88 90 m T ypica l
FDM 3*13 32 62 86 8if Bi, 86 88 4* T y p ica l
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r e ly  upon a oarxy-over o f  e s s e n t i a l  growth f a c to r s  wzlth th e  inoculum 

o r  on r e le a s e  o f e s s e n t i a l  growth f a c to r s  from organism s in  th e  

inoculum#

The e f f e c t  o f  g lucoses There was n o t a s ig n i f ic a n t  d if fé re n c e  in  th e
3 W »  M W  *ttm  W N #  Anft  m i #  * # #  m #  W

growth r a t e s  o r  y ie ld s  o b ta in ed  in  th e  media FDM 3-9  and FDM 3-11 in  

which th e  g lucose had been added a f t e r  s t e r i l i s a t i o n  o f  th e  basal, 

medium, compared w ith  th e  s tan d a rd  media in  which th e  g lucose was 

in c lu d ed  b e fo re  s t e r i l i s a t i o n *  Thus tho  in h ib i to r y  e f f e c t  d isc u sse d  

by Moynell and Moynell (1965) d id  n o t occur w ith  j3»bovis s t r a in s  12^. 

and 1i|.7* No grovith  o ccu rred  when g lucose was o m itted  from th e  med1.um. 

Eeie£»âPâ.tion 

u sin g  m o d if ic a tio n s  o f  Modiim FDM 3
«KM ,vrifj shft»  «MW AM# «W # IMCt D ,-#  tW *  V * »  «<#» Wm* &*** * #

In  t h i s  s e r ie s  o f media th e  medium used  was b a s ic a l ly  3-11

( th a t  i s ,  FDM 3 -i- 0#005i^» Tween 80 and 1 - ( / .^ le c i t l i In ) , b u t th e  v itam in  

supplém ents A, B, C and D were added in  v a rio u s  com binations, and 

a ls o  th e  in d iv id u a l  v itam in s and growth f a c to r s  com prising  th e se  

supplem ents were added sâng ly  and in  com bination* The media examined 

were as fo llo w s ;

1 * f  Supplements A, B, C and D 

2* W ithout Supplements A, B, C and D 

3# -Î' Supplement A

4# 4- Supplement B

5 . Supplement D

6 . 4- Supplement C

7 . k Supplements A, B and D
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8* -î- Supplements A, B and G

9* -i“ Supplements A, G and D

10. 4- Supplements B, 0 and D,

Second s e r ie s  (FDM 3-11 w ith  Supplements A, B, G and D om itted)«Ahw •#’* tarir, iwtfj,  ̂ *v ifc f  ̂ '

11. H r ib o f la v in

12. th iem in

13. p im e lie  a c id

14» -ï' P - a la n in e

15- *î’ p y rid o x in e

16.  '{• r ib o f la v in ,  th iam in , p t e e l l c  a c id , ^ -a3 .an in e  and pyridoxino

17# *1* %*ibofla,vin, th iam in , p im elic  ao id  and |Ô-a la n in e

18* ‘h r ib o f la v in ,  th iam in , p i» ie lio  ao id  and pyridoxLne

19# 'i' I’ib o f la v in ,  thiasiiin  ^  - a la n in e  and p y rid o x in e

20* -}• r ib o f la v in ,  x^imollc ao id , ^ - a la n in e  and p y ridox ine

21* -I- th iam in , p im elio  a c id , ^ - a la n in e  and p y rid o x in e

R ib o fla v in : r ib o f la v a n , 2,000 vA.g, d is so lv e d  i n  100 ml o f  0.02K a c e tloAIM tit» ¥:-MP €*4» f  m I \^ f  f

ao id  end s t e r i l i s e d  by f i l t r a t i o n  c lire o tly  in to  a  s t e r i l e  aore?;-oapped 

b o t t l e .  To obtazln a f in a l, c o n c en tra tio n  o f 20 jug o f  r ib o f la v in  p e r  

l i t r e  o f medium, 0 .05  ml o f s o lu t io n  was added to  50 ml o f medium* 

TiiianKln: th iam in  h y d ro ch lo rid e , 2,000 u g , d is so lv e d  in  100 iml o fMU* ^ #■ M f %ut f

0 .02  N a c e t ic  ao id  and s t e r i l i s e d  by f i l t r a t i o n  d i r e c t l y  in to  a  s t e r i l e  

screw -capped b o t t l e .  To o b ta in  a f i n a l  c o n c e n tra tio n  o f 20 jjLg o f 

th iam in  p o r l i t r e  o f  medium 0*05 ml o f  s o lu t io n  was added to  each 50 

nO, o f  mediujii*

P im elic  ac ids p im elio  a c id , 0*015 g, d is so lv e d  in  100 ml o f 0*02 N
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a o o tlo  ao id  and a t o r l l i s e d  by au to o lav in g  a t  113^0 f o r  20 minutoB.,

To each 50 irO. o f  modiura was added 0*05 ml o f  s o lu t io n ,  to  o b ta in  a 

f i n a l  o o n o o n tra tio n  o f  150 j ig  of p i^ to lic  a o id  p e r  l i t r e  o f  medium.

P  -A lan ines 0*023 g o f  - (d a n in e  was d is so lv e d  in  100 ml o f  0 .0 2  N«t»)» f.tîl* ts* t f i l *  J ,

ao o tio  a c id  and s t e r i l i s e d  by au to c la v in g  a t  115^0 f o r  20 m in u tes.

To each  gO ml o f  medium was added 0*05 ml o f s o lu t io n  to  o b ta in  a  

f i n a l  c o n c e n tra tio n  o f 230 o f j^ -a lan in e  p e r  l i t ig e  o f  medium

p y rld o x ln e  liy d ro c iilo rid e , 0*01 g , cUssolvod 

i n  100 m3, o f  d i s t i l l e d  w ater and s t e r i l i s e d  by  f i l t r a t i o n  d i r e c t ly  

in to  a  s t e r i l e  screw -capped b o tt le *  To each 50 ml o f  medium was added 

0*05 ml o f  s o lu t io n  to  g iv e  a f i n a l  oonoontx*ation o f  100 jJig o f 

pyridox1.ne h y d ro ch lo rid e  p e r  l i t r e  o f  medium.

R e su lts4M* MW *fW

The tm 'b i d i t i e s  (oz^xreased a s  Connected T u rb id ity  U n its) o f  th e  

c u l t  in? OS in  media 1-10 shown in  Table 20a* G orynebacterium  b o v is|im*i II Wiwunmiwi.iw

s t r a i n  1%  f a i l e d  to  grow in  th e  absence o f  supplem ent A, and th u s  had 

a  req u irem en t f o r  r ib o f la v in  an d /o r th iam in . Ho d e f in i t e  oono lusions 

can  be d ra m  conoern5.ng th e  v itam in  requ irem en ts o f  Ĉ *1̂ oyi.s s t r a i n  147, 

s in c e  a lth o u g h  no grov/th was o b ta in ed  Ijx th e  absence o f  th e  fo u r  

supplem ents, th e  grov/th p a t te r n s  o f  t h i s  s t r a i n  were n o t c o n s is te n t ly  

c o r r e la te d  w ith  any of th e  supplements*

The t u r b i d i t i e s  (ex p ressed  a s  C orrec ted  T u rb id ity  U n its)  o f  th e  

c u l tu re s  in  th e  media 11-21 a re  shown in  Table 20b* The growth o f 

C .bovis s t r a i j i  1 %  in  media 16, 17, 18 and 19 and absonoe o f s ig n lf ic c u it  

grov/th i n  media 11 and 12 in d ic a te s  an a b so lu te  n u t r i t i o n a l  req u irem en t



MJi 20a. GROimi OR G.BOTCS M  W U .  OOWiV.IM:N& VAiaOIIS
m o LB 20a.  Çxm m i o? g .b o tc s  m  m r iA  ooM'i'Aim:Mo vac to iis

•VXmiïNS Ml) GROVmi FACTORS

Medium and Growth o f  C.bovlB in  G.T.U. a f t e r  in c u b a tio n  
fox* th e  fo ilov ring  tim e (hours )

ox*ganism::
47h 9hh IWi 171h 238h 31 Oh

C,*bqvio 
stra1 .n  124 
1 4 40 56 74  ̂ 80 88
2 0 0 2 a 2 2
3 2 36 56 68 92 92
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 2 % 50 70 72
B 2 32 52 60 70
9 6 42 58 72 88 96

10 . 0 2 2 2 2 2

%&s2Éa,
s t r a i n  147 
1 2 24 34 36 52 60
2 2 2 2 2 a 2
2 18 PA 24* 32 34.
4 0 0 0 0 0 0
5 1 % 30 38 42 62
6 1 18 28 28 40 46
7 1 24 4.6 56 60 122
8 0 0 0 0 0 0
9 4 28 44'» % 76 122

10 1 a 16 18 % 48



TABLE a )b . GROWTH OP C.BOVIS IN MEDIUM COMTAlMIHCr VAiaOUS

VITAMINS AND GROWTH FACTORS

Medium and 
organism

Growt!% o f G»bq y iq  i n  G.T.U* al’t o r  in c u b a tio n  f o r  th e  
follow:5jag tim es (hours)

48h 72h 143h 144h 191h 241h 335h

C .bovis
s t r a i n  124
11 0 0 0 .

12 0 4 10
15 0 0 0
14 0 0 0
15 0 0 0
16 0 58 60
17 0 38 48
18 0 10 26
19 0 i{.0 68
20 0 0 0
21 0 0 4

O .bovis
s t r a i n  147
11 6 24 40 72
12 0 2 14 24
13 0 8 20 32
14 0 S 20 %.
15 4 16 48 %.
16 8 38 60 72
17 6 20 46 64
18 8 30 74
19 10 32 60 8i|.
20 6 22 42 48
21 8 28 iA 46
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by th l a  s t r a i n  f o r  b o th  r ib o f la v in  and th lan iin . In  th e  case o f  

G.b o v is  s t r a i n  147, th e  organism  d id  n o t have an a b s o lu te  n u t r i t i o n a l  

requ irem en t f o r  ribofl-aviln  o r  tiiiam in , b u t f o r  growth o f th e  organism  

to  be s im ila r  to  t h a t  o b ta in ed  i n  IDM 3-11 b o th  r ib o f l a v in  and 

th iam in  were req u ired #

and m - in o s ito lmm i»H* iMsi *** ew* «nn

A f u l l y  d e fin e d  medium v/as fo rm u la ted  which in c lu d e d  a l l  th e  

amino a c id s  which have been shovai to. be e s s e n t i a l  f o r  th e  grov/th o f  

c e r t a in  b a c te r ia  (Hugo, 196if) and recommended by  M eynell and M eynell 

(1965) f o r  in c lu s io n  in  ch em ica lly  d e fin e d  m edia. < /-A niinobutyric 

a o id , c r e a t in in e ,  c i t n i l l i n o ,  o rn ith in e  and ta n r in e  were excluded  from  

t h i s  medium* The medium a ls o  in c lu d ed  x a n th in e .

Q?ho modiuïii had th e  fo llo v /in g  c o n s t i tu t io n  î

5*0 g G lycine (AH grade) 0 .05  gSodium olilox'ide (AR grade) 
Potassium  dibydz^ogen phosphate 

(ah g rade)
D ipotassium  hydrogen phosphate 
Amonium dlhydrogen phosphate 

(.AR grade)
Magnesium su lp h a te , h y d ra ted  

(MgS0^^.7H^0)(AR grade)
Copper su lp h a te , hydi’a te d  

( Gu80^ ,̂ 5HgO ) (AH g rad e)
F errous su l'p îm te, Iiyd ra ted  

(j?eSO^^.?HgO)(M grade)
D“ Glucoae (m  g rad e)
B3> (/-A lan in e  
Ir-A rginine HOI 
Im A sparagine 
A sp a rtic  ao id  
L -C ystine 
3>C ysteine HCl

0 .25  g Im h istid inG  H(Gl
0 .3 5  g .V % d ro x y p ro lin e

0 .5  g D L -Iso leuoine

0.25  g Dh-heuoine

0 .0 5  6
0 .05  g

0 .0 5  g 

0*05 g

0.003g h " ly s in e  HCl 
Dïi-Motiiionixie

0 .0 5  g
0 .0 5  g

^ Db- $ -P h e n y la la n in e  0 .0 5  g
M '^ o l in o  0 .0 5  s
D ïj-8erlne 0 .0 5  g
DL-îHireonine 0 .0 5  s
DJ>Tryptophan 0 .0 5  g
T’yuosine 0 .05  g
V aline 0 .0 5  g

0 .0 5  g Adenine 0.01 g
0 .05  g C holine c h lo r id e  0.01 g

i*0  g
0 .05  g 
0 .05  g 
0 .05  g 
0 .0 5  g
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Glutam ic ao id  0 .0 5  g Guanino 0*01 g
Glutamine 0*05 g X anthine 0.01 g
D is t i l l e d  w a te r  to  1 l i t r e  U ra c il  0*01 g

As 3.n th e  case  o f  PDM 1, th e  ingx'ed3.ents (w ith  th e  ex cep tio n  o f  

c y s t in e ,  guanine and x an th in e )  were d is so lv e d  one a t  a  tim e in  750 ml 

o f  g la s s - d is  t i l l e d  w ate r a t  room tem peratu re  which v/as k ep t 

co n tin u o u sly  s t i r r e d  u s in g  a m agnetic s t i r r e r .  Tho c y s t in e ,  guanino 

and x an th in e  were added to  th e  minimum amount o f  20^4 (w/v) sodium 

hydroxide (AR grade re a g e n t d is so lv e d  i n  g l a s s - d i s t i l l e d  vm ter) re q u ire d  

to  o b ta in  com plete s o lu t io n , which was th en  mixed v?ith th e  w ate r 

contaim .ng  a l l  th e  o th e r  ingz’ed ien ts*  Tho volume was made up to  1 

l i t r e  w ith  g l a s s - d i s t i l l e d  w a te r . The medium was au to c lav ed  a t  107^0 

f o r  5 m inutes* A fte r  th e  medium had coo led , th e  r e a c t io n  o f  th e  medium 

was a d ju s te d  to  pH 7*2 u sin g  H sodim i hydroxide (M  g rade) and H 

l a y c h l o r i c  ao id  (AR g ra d e ) .

The medium was th en  c l a r i f i e d  through an  a s b e s to s  f i l t e r  (C arlso n - 

Ford f i l t e r  grade K5) and d i s t r ib u t e d  in  50 ml amounts i n  100 imL 

F rlem iey er f la s k s  f i t t e d  w ith  s t a in le s s  s to o l  c lo s u re s .  The f la s k s  o f  

medium were s t e r i l i s e d  by  au to c la v in g  a t  115^0 f o r  20 m inu tes. The 

fo u r  Supplements A, B, C mid D were added to  th e  medium. A ll fo u r  

v itam in  supplem ents were added s in c e  a lthough  th e  v itam in  req u irem en ts  

o f  c .b o v is  s t r a i n  124 had been determ ined , th e  e x a c t req u irem en ts  o f  

C.b o v is  s t r a i n  147 rem ained obscure* To each 50 ml o f  m edim  were 

added 0*05 Rd. o f  Supplement A (g iv in g  nom inal f i n a l  c o n c e n tra tio n s  o f  

r ib o f l a v in  20 ju g / l ;  th iam in  h y d ro ch lo rid e  20 j j i g / l ) ;  0 .5  ml o f  

Supplement B (g iv in g  nom inal f i n a l  c o n o e n tra tio n s  o f  calcium



I w u

p a n to th e n a te  200 y a g / l ;  n ic o t ln lo  ao id  2 mg/Cl; f o l i o  a o id , 20 j i g / l  

pyridoxaX  hydxoohloride 600 ju ig /l; ^ -am inoberiso io  a c id , 200 j f i g / l ) ;  

0 .05  ml o f  Supplement 0 (g iv in g  a  nom inal f i n a l  c o n o e n tra tio n  o f  100 

jJ ^ ë / l ) t  0 .0 5  ml o f  Supplement D (g iv in g  nom inal f i n a l  c o n o e n tra tio n s  

o f  p im e lic  ao id  150 jU g /l;  ^ - o la n l j ie ,  230 j x g / l ) .

At t h i s  s ta g e  in  th e  03q)Griments, th e  b a s a l  medium was 

s u f f i c i e n t l y  good to  en ab le  th e  f a t t y  a o id -s p a r in g  a c t io n  o f  h i o t i n  

to  be examzlned. I t  has been  knovm f o r  some tim e th a t  b io t i n  i s  

concerned f a t t y  ao id  s;yi'ithesis, and th a t  many b a c t e r i a  have a 

req u irem en t f o r  o le ic  a o id  o r  b io t i n  (W illiam s o t  a l . ,  1947; S n e ll" «WW fcw»IW f ^

1951) .  îU m elio a c id  i s  a  p re c u rso r  f o r  b i o t i n  s y n th e s is  and 

p̂ ..diphth p r i a e_ h as  a  req u irem en t f o r  b io t i n  o r  p im e lic  a o id , s in c e  i t  

can s y n th e s is e  b io t i n  from  p im e lic  a c id  (M ueller, 1940). In  th e  

p re s e n t  in v e s t ig a t io n  i t  seemed unlU cely t h a t  b i o t i n  co u ld  re p la c e  

th e  ap p aren t f a t t y  ao id  req u irem en t, s in c e  f i r s t l y  no grov/th was 

o b ta in e d  i n  a  b ro th  c o n ta in in g  Fanmede, a  l i v e r  d ig e s t  co n ta in in g  

b i o t i n ,  seoond3.y no s ig n lf 'io a n t  g r o # l i  was o b ta in e d  in  th e  p a r t i a l l y  

d e fin e d  medium to  which y e a s t  e x t r a c t  had been  added, and fino3J.y 

p im e lic  ao id  was always in c lu d e d  in  tho  p a r t i a l l y  and f u l l y  d e fin e d  

m edia. In  o rd e r  to  f u r th e r  examine th e  e f f e c t  o f  b i o t i n ,  th e  media 

FDM 3 end FDM 4  were supplem ented as  in d ic a te d  below#

FDM 3-1 and FDM 4^1 : no supp lem en tation

3-2  and FDM 4 -2  5 -î- L- o t - le c i th in  (80 m g/l)

3-2B andFDM 4-2B : -v ï>  06- lo c i t l i in  (80 m g /l)  and b io t i n  (35 |a.s/3*) 

PDM 3-9 and FDM 4 -9  : J- Tiveen 80 (0 .5  m l/ l )
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3*^9B and FDM 4-9B : f  Tv/een 80 (0*5 irCl/l) and b io  t i n  (55 |**gA)

FDM 3-14  and PDM !M 4  5 b i o t i n  (35 |A.g/l)

FDM 3-15 and PDM 4-15  :  ̂m - in o s i to l  (60 a ig /l)

PDM 3-16 and PDM 4-16  ; 4' b lo t i n  (35 ^ g A )  and m - in o s i to l  (60 mg A )

The growth o f G .b o v is  s t r a i n s  1%. and 147 was examined i n  th e  

above media*

B i£ t1 ji!  b i o t i n  (Sigma Chemical Co*, 12, D e tt ic e  S t* , London, S.W.6) ,  

3*5 mg, d is s o lv e d  in  100 ml o f  g la s s - d is t i l3 .e d  w a te r  and s t e r i l i s e d  

by f i l t r a t i o n *  To eaoh 50 ml o f medium, 0*05 ml o f  s o lu t io n  was 

added to  g iv e  a  nom inal f i n o l  c o n c e n tra tio n  o f  35 b i o t i n  p e r  

l i t r e  o f  medium*

m '^Xnoaitol: m - in o s i to l ,  600 mg, d is s o lv e d  i n  100 ml o f  g la s s * d i s t i l l e d  

w ater and s t e r i l i s e d  by filtx * a tio n *  To o b ta in  a  nom inal f i n a l  

c o n c e n tra tio n  o f  60 mg m - in o s i to l  p e r  l i t r e  o f  medium, 0*5 ml o f  

s o lu t io n  was added to  each  50 ml o f  medium*

The tu rb id z l t le s  o f  th e  c u l tu r e s ,  ex p ressed  i n  C o rrec ted  T u rb id ity  

U n its  a re  sho?m i n  Table Ë1 w ith  s e le c te d  gvovrhh cu rv es  shown in  

F ig u re  5# No groivth o cc u rred  i n  PDM 3 -1 , PDM 4 -1 , PDM 3 -2 , PDM 4 -2 ,

PDM 3-2B, PDM 4-2B , PDM 3-14 , PDM 4 -1 4 , PDM 3-15 , PDM 4 -1 5 , PDM 3-16 

and PDM 4-16* Thus b io t i n  i s  in c ap a b le  o f  r e p la c in g  th e  req u irem en t 

o f  th o se  organism s f o r  14/een o r  o th e r  f a t t y  a o id -o o b ta in in g  compounds, 

a lth o u g h  b io t i n  i s  Imown to  be in v o lv ed  in  f a t t y  a o id  m etabollam  

{S n e ll ,  1951 ; B o e rs teo h e r, I 362) and as  a lre a d y  m entioned b i o t i n  has 

been  shoi'/n to  r e p la c e  tho  o le io  a o id  req u irem en t o f  a number o f



ÏABI.S 21. GHOYiïH OP C.BOVIS IN MDIA l’DM 3 AND PÛM 4

Eîedim and
Growth o f G .hovis in  G.l’*ü, a f t e r  in c u b a tio n  

f o r  tho  folloTdaag tim es (h o u rs)
organism V+h 70h 95b 12211 141h 188h 212h

GVbovi#
s t r a i n  124 
FDM > 9 11 28 4k. 62 80 85
FDM 4-^9 16 35 48 59 64 88 88
WhX > 9 B 20 48 6l 92 101 128
FDM 4-9B 32 60 87 128 IkS 154 -

0*Doy;lfî 
slTraïïi 147
FDM 3-9 0 0 4 15 20 32
FDM 4-9 4 20 31 42 67 83 89
FDM 3#9B 0 2 49 71 89 108 142
FDM 4-9B 0 15 72 115 142 172 162

23 69 81 88 93 99 97
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o f C^bovia s t r a i n s  147 and 1PJf̂  i n  f u l l y  

do finod  media 3 pxiü,

a) (Dho growth determ ined  tu rh id im o tr io a l ly  (ex p ressed  in
G orreoted 5?urhidlty U n its )  o f  p .bp v is  s t r a i n  147 i n  FDM 3
and FDM 4#

b ) The gprowth deteriidned tu rb id im e tr io a X ly  (ex p ressed  i n
Corrected Turbidi.ty Uni.to) of G.bpvis s t r a in  1%. in  FDM 3
and FDM 4  •

Open olJTcles> 0*3 Eil o f  ÎOween 80 added p e r  l i t r e  o f  FDM 3
(FDM 3-9)

Open t r i a n g l e s ,  0 .5  ml o f  Tvæen 80 added p e r  l i t r e  o f FDM 4
(FDM 4 -9 )

Open squaxos, 0*5 ml o f l\;een  80 and 35 /^B  o f  b i o t i n
added p e r  l i t r e  o f  FDM 5 (FDM 3#gD)

P3.US s ig n s ,  0*5 ml o f  Tween 80 and 35 J^B o f  b i o t i n
added p e r  l i t i - o  o f  FDM 4. (FDM 4-9B) •
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or^ajîisma (WilXiaitis e t  1947)* th o ae  a t r a ln a  o f  0♦bovis

a re  e i m l a r  to  th e  "m inute" s tr e p to c o c c i  and L a o tp b a o illu s  lo io h in an n ii 

"ghich v/era found  by D eibel and Niven (1955) to  re q ii i re  an im sa tu ra te d  

f a t t y  a c id  (provided^ f o r  example^ as  IVeen 80) oven in  th e  presenoo 

o f  b io tin *

A lthough th e  organism s do n o t have an a b so lu te  req u irem en t f o r  

b io t i n ,  th e  in c lu s io n  o f  b io t i n  i n  media c o n ta in in g  Tween 80 r e s u l te d  

i n  much h ig h e r  niaadmuia t u r b i d i t i e s ,  and h ig h e r  grow th r a t e s  (Table 21)* 

F £ e o t_ o |:  v a s r in s  th e  Jihosahata o o n o ^ a tra tio n s  i n ,  

and a d a in g „o ltm fce J :o ,

The f u l l y  d e fin e d  meciiuta XTO! 5 was b a s i c a l l y  th e  same as ?DM 4 , 

b u t s iî ic s  th e  a d d i t io n  o f b io t i n  was shovm in  th e  p ro v io u s experim ent 

to  promote b e t t e r  grovfth o f  b o th  s t r a i n s ,  b i o t i n  (35 y u g / l )  was added 

to  M)M 4  i n  a d d i t io n  to  th e  fo u r  Supplements A, B, C and D* l l i i s  

medium was term ed FDM 3*

The e f fe c t o f varying the concentrations o f sodium ch lo ride , 

dipotassium  hydrogen phosphate and potassium di„hydrogen phosphate in , 

and tho eiffeot of adding oitx’a te  to , the fu l ly  defined medium FDM 5 was 

examined. The modified concentrations of phosphates and the 

GOncentï*ation of c i t r a t e  were s im ilar to  those employed by Davis and 

M ingioli (1950)* The original, and modified b a sa l media contained these 

compounds dm the follow ing amounts (per l i t r e  of medium).
Modiim

Compound g PDM 5a P0M 5b FDM 50 FDM s a

Sodium ohlox’id e  5 .0 5 .0 5 .0 5 .0 5 .0
Potassium  diliydrogen phosphate 0 .2 5 0 .2 5 5 .0 5 .0 5 .0
D ipotassium  hycSi'ogen phosphate 0 .3 5 0 .5 5 7 .0 7 .0 7 .0
Sodium c i t r a t e ,  liy d ra ted 0 .5 0 .5 0 .5

pH: 7 .20 7 .05 7 .05 7 .0 5 7 .1 0
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The two s t r a i n s  o f  Q .bovia. s t r a i n s  124 and 147, were g ro m  i n
111 W i H r r « i In  » iw » m  f

t i l l s  3?ange o f media a f t e r  th e  a d d itio n  of Tween 80 (0*5 ml/l)(FBM  

5*»9 © to*), o r  Tween 80 (0 ,05  ml A )  ^ d  s y n th e t ic  h « o (» le c i th in  

(80 mg A )  (3PDM 3'*11 e t c ) ,  Tho e f f e c t  o f  o m ittin g  g lucose  fa:*om th e se  

media was a lso  examined to  confirm  th e  g lucose  requ irem en t o f  C .bovis 

n o ted  on page 101,

The t u r b i d i t i e s  o f  th e  c u l tu r e s ,  exp ressed  i n  C orrec ted  IM rb id lty  

U n its , £irc shomi i n  Table 22* No growth occuz’re d  i n  any o f  th e  media 

w ith o u t f u r th e r  supplem entation*

None o f  th e  aa o d ifica iio n s  x^esulted in  a  s ig n i f i c a n t  improvement 

i n  th e  growth r a t e s  o r t o t a l  y ie ld s  o f  b o th  s t r a i n s ,  and th e  h ig h e r 

c o n c e n tra tio n  o f phosphates r e s u l te d  in  low er y ie ld s  p a r t i c u l a r l y  

in  th e  medi.ui3i c o n ta in in g  0*05fi Tr/oen 80*

The s t im u la t iv e  e f i 'o o t o f  b io t i n  n o ted  on page 108 was confirm ed 

in  t h i s  s e r i e s  o f  c u ltu re s*

Ho grovrbh o ccu rred  in  any o f  th e  media when g lucose  was om itted , 

th u s  confirm ing  th e  requ irem en t o f  th e se  organism s f o r  glucose*

T his b a s a l  medium, FDM 5, appeared to  be  s a t i s f a c to r y  and Tdth 

th e  a d d it io n  of Tween 80 (FDM 5 -9 ) o r s y n th e tic  Im o ( - le o i th in  and 

Tween 80 (FDM 5-11 ) good growth o f  Q*boA^ %?as obtained*  I t  was 

th e re fo re  used  to  f u r th e r  in v e s t ig a te  th e  f a t t y  a c id  requ irem en t o f 

th e  organism s (page 112 ) ,

The growth o f  an o th e r i s o l a t e  o f  G*bovi^ ( s t r a i n  159), th e  ty]p© 

c u l tu re  O.b o m s NCTC 322^  ̂ and th e  dd.phtheroid i s o l a t e d  from human miDic



M BtE 2 2 . G-ROWÏH OB' C.B0TO8 IK FDM 5 . MD MODIFIED FDM 5

Medium and
Grovrfch o f C .bovis In C.T.U. a f te r  incubation  

fo r  the fo llox iing  tim es (hours)
' organism 49h 73 h 123h 172h 2<̂ 1h

C.bf^yis 
s tr a in  1%  
ITO 5-9 52 83 108 150 158
FDM 5a-9 70 90 146 166 166
FDM 5b-9 38 62 110 122 132
FDM 5o-9 30 55 106 106 106
îDM 5d-9 6 38 128 140 150
FDM 5a-11 45 68 94 93 103
î’DM 5b-11 62 68 ' 88 100 104
FDM 50-11 50 58 72 82 94
FDM 5d-1i 10 40 79 84 104

ÏSB 36 62 78 90

C.bovis 
s tr a in  1i|-7 
FDM 5-9 48 106 192 226 250
FDM 5a-9 48 102 220 238 2/|.0
FDM 5b-9 66 94 146 165 170
FDM 5c-9 56 82 142 154 150
FDM 5d-9 5 36 121 158 158
FDM 5-11 50 75 116 125 133
FDM 5a*11 39 68 111 123 133
FDM 5b-11 5*1- 71 120 122 126
FDM 50-11 43 75 111 115 119
FDM 5d-11 8 40 96 104 116

ÎSB 108 110 110 120 118
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was a ls o  examined i n  th e  lecith in**  and Tween#oontaining m edia.

^2}’#LP£ 2%% ai£htheyo^dsful3^ âe£%eâ mP#&
The i s o l a t e s  of. C .bov is s t r a i n s  1% , 147 and 159» th e  d ip h th e ro id  

i s o l a t e d  i'rom human mille ( s t r a i n  173)» and C .hovia HGTC 3224 were grown 

i n  M I  5**i (no su p p lem en ta tio n ),  fDM 5-9 (+ 0 . 05$  v /v  Tween 8 0 ), ?DM 

5*11 (4- 0 .0 0 8 $  w/v s y n th e tic  Im c /w leo ith in , and 0 . 005$  v /v  te e e n  8 0 ), 

end try p to s e  serum b ro th .  

l e s u J i s

The amounts o f  growth o b ta in ed  ex p ressed  in  C orrootod T u rb id ity  

U n ite  a re  shovai i n  Table 23* No growth o f  th e  human d ip h th e ro id  s t r a i n  

173 ooourrod in  th e  f u l l y  d e f in e d  media and th e  maximum tu r b id i ty  o f  

t h i s  s t r a i n  in  try p to so  serum b ro th  was o n ly  6 C.T.U.

Since th e  su b stan ces  shown to  s a t i s f y  an e s s e n t i a l  grovrth 

req u irem en t o f  C .b o v is , namely scrum, l e c i t h i n  and I’woen 80, a l l  have 

s u r f a c ta n t  p r o p e r t ie s  i n  a d d i t io n  to  o o n ta ln in g  f a t t y  a c id  r e s id u e s ,  

th e  e f f e c t  was examined o f  c u l tu r in g  G .bovip. s t r a i n s  124 and 147, i n  

f u l l y  d e fin ed  media co n ta in in g  v a rio u s  non*ionio  su rfa c e ^ a o tiv e  a g e n ts , 

w ith  ÎEiB (i\vdrophilo^lipox>M le b a lan ce ) v a lu es  s im i la r  to  t h a t  o f  

Tvfoen 80 (EUB 15}# The b a s a l  medium used  was FDM 5 , and t h i s  was 

supplem ented by th e  a d d i t io n  o f  th e  siu .'face^ac tive  ag en ts  l i s t e d  below , 

each i n  c o n c e n tra tio n s  o f  0 .0 5  g p e r  l i t r e  o f  medî.um and 0 .5  g p e r  

l i t r e  o f  medium#

B r i j  35 (A tla s  Chemical I n d u s tr ie s  I n c . ,  W ilm ington, D elaw are), a  

po lyoxyothylene (23) la u r y l  e th e r ,  EBB 1 6 .9 ;



i m s  23 &HO\ym-I of CORHaBACTEKIA ra  lECITHIH -  mVEBK

COMO:AM1HG- FI^DY DBFI!ED ffiüDÎA

Organism and p e r io d  
o f  in c u b a tio n  ( in  

h o u rs)

Growth, i n  C . î . ï ï . ,  a f t e r  in c u b a tio n  
in  th e  media in d ic a te d .

I M  I>1 FDM 5*9 FDM 5*11 TSB

O .bovis s t r a i n  124
II <itw.il«j *11, ,>■; I— M m

47 hours 0 % 36 29
119 hours 0 160 108 89
Maximum tu r b id i t y 0 1% 160 147

o b ta in ed

G ^bq^s s t r a i n  147
47 hours 0 60 38 57

119 hours 0 160 112 115
Maximum t u r b id i t y 0 252 200 14*5

o b ta in ed
G .b o y is  s t r a i n  159

47 hours 0 32 28 5
119 hours 0 202 96 39
Maximum tu r b id i t y 0 250 216 123

o b ta in e d

C .bov is NCTC 3224

47 hours 0 34* 42 149
119 hours 0 74 126 243
Maximum tu r b id i t y 0 118 192 313

o b ta in ed
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B r i j  58 (A tla s ) ,  a  polyos^yetliylene (20) c e ty l  o th e r , HUB 1 5 .7 ;

B r i j  78 (A t la s ) ,  a  polyoxythoylon© (20) s to a r y l  o th e r ,  EDB 15#3;

B r l j  98 (A t la s ) ,  a  poXyoxyethyieno (20) o lo y l o th e r ,  lEfB 1 5 .3 ;

Toxofor 116, T ezofor A%.. and Texofor 65,430?  (G lovers Gherid.cala A td ., 

W ortley Low M ills , hoods 1 2 ), polyoxyothylone o e ty l  e th e r s ;

T exofor BI6 and Toxofor B23 (G lo v ers), piolyoxyethylene l a u r y l  e th e r s ;  

Texofor D6O (G lo v ers), a  po lyo2Q?*eti)ylen0 e th e r  o f  a g ly c e r id e  o i l ;

Toxofor F23 (G lo v ers), a  po lyoxyethy lene e th e r  o f  a  s a tu ra te d  f a t t y  

a o id ;

fe x o fo r  5» Toxofor FXI70 and Texofor FX300 (G lo v e rs), polyo^yotl^ylene 

e th e r s  o f  aH iy l p h en o ls ;

T exofor H8 and Toxofor HI2 (G lo v ers), po lyoxyothy lene e th e r s  o f  f a t t y  

a lc o h o ls ;

T rito n  Z100 (Roim axià Haas Co*, H iila d e lp ia ia ) , a  polyo,iiyethylene (10) 

o c ty l  phenyl o ther*

The s u r fa o e -a c tiv e  a g e n ts  which were l i q u i d  a t  room tem pera tu re  

were ster:3J.ised  i n  1**os sorew*oapped b o t t l e s  by au to o lav in g  a t  110^0 

f o r  15 m inutes* Those su rfaoer^active  ag en ts  vdiioh were s o l id  a t  room 

tem p era tu re  were s im ila r ly  s t e r i l i s e d  b u t a s  aqueous 10$ ( v /v )  

so lu tio n s*

£ e ju l%

Crowth was o b ta in ed  in  on ly  a  s in g le  medium * th a t  co n ta in in g  

Texofor D60* The tu i i> id i t ie a  o b ta in ed  (ex p ressed  in  C .T .U .) a re  shoim 

in  Table 24$

Sljice th e  l ip o p h i l i c  b ase  o f  Texofor d60 c o n s is ts  o f  a  g ly c e r id e



s m j L S fc .  GROimi 03? c.BQTCs IK a m  phüssnce o?  m oF O R  d .6 o

Medium and
Grovrfch o f  C .bovis i n  C.T.U. a i 't e r  in o u b a tio n

f o r  th e  fo ilo v d n g  tim es (hou rs)
organism

70h 95h 122h I4IÎ1 I88h 212h

C .b o v is  s t r a i n  1%

FDM 5 f  0 . 005$  Texofor D60 2 8 8 12 12 11
FDM 5 4- p.,05$ Texofor D60 a 22 32 52 49 45 4̂ 1'

TSB 17 47 91 95 119 125

C .bovis s t r a i n  147 

FDM 5 + 0 .005$  T exofor ■ D6Q 0 2 3 /j* 5 4
FDM 5 4 0 .05$  T exofor I)60 2 3 8 8 7 7

TSB 23 69 81 88 93 99. 97
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o i l ,  th e s e  r e s u l t s  would appear to  oonfirm  t h a t  th e  req u irem en t o f 

C .boy is i s  f o r  f a t t y  a c id , a lthough  i t  i s  i n t e r e s t i n g  to  n o te  th a t  

no grow th o f th o  two s t r a i n s  was o b ta in e d  i n  th e  p resen ce  o f  B r i j  98 

(0 *005$  and 0*05$), i n  vdiich o le y l  a lc o h o l was th e  b a s i s  f o r  th e  

l ip o p h i l i c  moiety*

Tim f a t ty ,  C .bov is

I n  o rd e r  to  confirm  th e  requ irem en t o f  C .bovis f o r  o le ic  ao id  

o r  o th e r  f a t t y  a c id , th e  grow th o f  C .bovis s t r a i n s  124 and 147, and 

G .bovis HCTC 32%. was determ ined  i n  th e  f u l l y  d e f in e d  medium FDM 5 to  

which o le i c  a o id  o r  sodium o le a te  had boon added i n  v a r io u s  c o n c e n tra tio n s  

w ith  and w ith o u t d e to x ify in g  a g e n ts . The c o n c e n tra tio n  o f  a  f a t t y  a c id  

cap ab le  o f  s t im u la tin g  growth o f  an  organism  r e q u ir in g  th a t  compound i s  

f re q u e n t ly  o n ly  s l i g h t l y  l e s s  th an  th e  c o n c e n tra t io n  causing  in h ib i t io n  

o f grow th, b o th  o o n o o n tra tio n s  u s u a l ly  b e in g  Ivory low . C onsequently  

many v/orkers have found i t  n e c e ssa ry  to  in c lu d e  i n  t h e i r  media su b s tan ces  

s p e c i f i c a l ly  f o r  th e  purpose o f  removing th e  to x ic  e f f e c t s  o f  th e  f a t t y  

a c id s .  For example H utner (1942.) onployod sapon in  and sodium 

ta u ro o h o la to  a s  d e to x ify in g  a g e n ts , Davis and Dubos (1947) u sed  album in, 

and 5k;aon 40 was used  by  Willi?ima and h i s  c o lle a g u e s  (1947)» I f  a  

d e to x ify in g  ag en t i s  u sed , a  medium may in c lu d e  a  c o n c e n tra tio n  o f  

f a t t y  a c id  g r e a te r  th an  t h a t  p o s s ib le  i n  th e  absence o f  tho  d e to :d .f ie r  

and s t i l l  su p p o rt grow th. W illiam s and ccMWorkers (W illiam s and F ie g e r , 

1946; W illiam s ^  1947) i n  a  s tu d y  o f  th e  grovrkh o f  X tactobacillu s

cou ld  o b ta in  grov.th o f  th e  organism s i n  th e  p resen ce  o f  10 jxg o f  o le ic  

a c id  p e r  ml o f  medimi when a  d e to x ify in g  ag en t was in c lu d e d , b u t  th e
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c o n c e n tra tio n  o f  o le ic  ao id  had to  he reduced  to  i jxg  p e r  ml o f  

medium i n  th e  absonoo o f  a  d e to x if ie r#  M eynell and M eynell (1965) 

have su g g ested  th e  in c lu s io n  o f  f a t t y  a c id s  a t  a  c o n c e n tra tio n  o f  

o r  Vîhon an ad so rh o n t o r d e to x i f i e r  was u sed .

The Diedia examined vmro th e  fo llo w in g ;

FDM 5*17a ; 4- o le ic  ao id  (40 mgA)

FDM 5- 17b ; 4 Q loic ao id  (10 m g/l)

FDM 5*17o * 4 o le ic  ao id  (0*5 mg A )

FDM 5-17& : 4 o le ic  aoid (0*25 mg/ l )

FDM 5-18 ; 4 sodjiUm o le a te  (80 mg A )
FDM 5-19 • 4 o leic  aoid (40 mg/l) and albumin (1*0 gA)
FDM 5-19a : 4 o le ic  aoid (10 mg A ) and albumin (1*0 g / l )

FDM 5*19b ; 4 o le ic  a c id  (0 .5  mg/l) and a].bumin (1*0 gA )

FDM 5*20 ; 4 sodium o le a te  (80 mg A ) and album in (1*0 g / l )

FDM 5*21 a  : 4 o le io  aoid (10 mg A )  and sodium taurocholato (1*0 gA )

FDM 5"21b : 4 o le ic  acid (0*5 mg A )  and sodium taurocholato (1.0 g / l )

FDM 5*22a s 4 o le io  acid (10 mg/l) and saponin (1*5 g / l )

FDM 5*22b : 4 o le ic  acid  (0.5 mg/l) and saponija (1*5 g A )
FDM 5*23a : 4 o le io  a c id  (10 mg A ) and Ttyeen 40 (l.OnflA)A
FDM 5*25b : 4 o le ic  ao id  (0*5 mg/l) and 0*Veen 40 (l.OntjA)
FDM 5“ 23o : 4 Tween 40 (1*0 m l / l )  on ly

FDM 5*%  Î 4 Tween 20 (0 .5  m lA )

FDM 5-9  Î 4 Tvfeon 80 (0*5 m l/ l )

FDM 5*9a ; 4 Tween 80 (0 .5  ml A ) and albumin (1*0 g / l )

FDM 5-9b Î 4 IVeen 80 (0*5 m l/ l )  and sodiuni ta u ro c h o la to  (1*0 g / l )
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5*9o 5 4 Tween 80 (0*5 m l/ l )  and saponin  ( l* 5  g / l )

î dI cU o le io  a c id ,  96$ p u re  from  o liv e  o i l  ( Sigma Chemical Co*,

12 L e tt io o  S t* , London, B,W*6), da,ssolvod i n  95$ e th a n o l (M  g rad e) 

and s t e r i l i s e d  by  f i l t r a t i o n *  For a  f i n a l  c o n c e n tra t io n  o f  10 mg o le ic  

a c id  p e r  l i t r e  o f  medimi, 0*05 ml o f  a  1$ e th a n o lio  s o lu t io n  van  added 

to  each  50 ml o f medium; f o r  a f i n a l  c o n c e n tra tio n  o f  0*5 mg o le ic  a o id  

%)er l i t r e  o f  medium, 0*05 Jiû. o f  a  0*05$ e th a n o lio  s o lu t io n  was added to  

each 50 ml o f  medium*

bovine album in, f r a c t i o n  V (Armour P h arm aceu tica l Co* L td*, 

F a s tb o u rn e ) , a  10$ w/v s o lu t io n  in  g l a s s - d i s t i l l e d  w a te r , s t e r i l i s e d  

by f iH itra tlo n . To each  50 ml o f  medium, 0*5 ml o f  s o lu t io n  was added 

to  g iv e  a  f i n a l  c o n o e n tra tio n  o f 1*0 g albuiïïin p e r  l i t r e *

Sodium ta u ro c h o la to :  a  10$ (w/v) aqueous s o lu t io n  o f  sodium
m m  » f w *  * a s »  tu rn  * • «  * » 4  m m  '  ' t  r  r  *

ta u ro c h o la to  ( B r i t i s h  Drug Houses L td .) ,  s t e r i l i s e d  by  f i l t r a t i o n ; 0 .5  

ml was added to  50 ml o f  medium f o r  a  c o n c e n tra tio n  o f  1*0 g o f  sodium 

ta u ro c h o la to  p e r  l i t r e *

a  15$ (w/v) aqueous s o lu t io n  o f sapon in  ( B r i t i s h  Drug Houses 

L td * ) , s t e r i l i s e d  by  f i l t r a t i o n ;  0*5 m3, was added to  50 ml o f  medium 

f o r  a  noîtîiiml f i n a l  c o n c e n tra tio n  o f  1 .5  s  o f  sapon in  p e r  l i t r e  o f  

medium.

8odi,mi o le a te :  p rep a red  from  o le io  a o id , 96$ m ire , ( Sigma) a s  d e s c r ib e d«H» turn *fK» m m  twa» w .

on page b u t s t e r i l i s e d  by f i l t r a t i o n *

%veen 20^  ̂ Tween # d  Bveen 80^ polyo3iyethylene s o rb i ta n  m onolaurate  

(Bm en 2 0 ) , p o lyoxye thy lene  s o rb ita n  monopolmitat© (Sk/een 4-0), o r  

po lyoxyeth30.ene s o rb i ta n  m onoroleate (Tvreen 8 0 ) (A tla s )  s t e r i l i s e d  by
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au to o lav in g  a t  121^0 f o r  15 m inutes,

R e su lts## mmu *M mm

No growth was ob to inod  in  th o  media (FDM 5^17) co n ta in in g  o le io  

ao id  a t  any o f th e  c o n c e n tra tio n s  u sed , w ith o u t th e  a d d i t io n  o f a  

d o to^d fy lng  agent* 1/hen a  d e to x ify in g  agen t v/as added growth was 

o b ta in e d , th e  t u r b i d i t i e s  o f  th e  c u l tu r e s ,  ex p ressed  i n  C orrec ted  

T u rb id ity  U n its  (C.O\U*) b e in g  shovrn in  Table 25 w ith  s e le c te d  growth 

curves shown i n  F ig u re  6* Ho grov;th o f  th e  organism s o ccu rred  i n  FDM 

5-23c, i n  which Tween 40 was in c o rp o ra te d  a lo n e , dem onstra ting  th a t  

th e  b e t t e r  growth o b ta in ed  i n  FDM 5^ 23a  was p o s s ib ly  duo to  th e  b e t t e r  

d e to x ify in g  powers o f  %/eon 40*

The t u r b i d i t i e s  o f  th e  c u l tu re s  th e  Q?v/eon 8 0 -o o n ta in in g  medium 

FDM 5-9 in  wîiioh th e  f a t t y  a o id -d e to x ify in g  compounds had been in c lu d ed  

a re  shovm in  Table 26, which a lso  in c lu d e s  th o  t u r b i d i t i e s  o f  th e  

c u l tu re s  i n  th e  mediuni c o n ta in in g  Tween 20*

No grow th o ccu rred  in  media co n ta in in g  th e  lov/er c o n c e n tra tio n  

o f  o le ic  a o id  (0*5 jng/l) when albumin o r %/eon 40 was used  as th e  

d e to x ify in g  a g e n t, a lthough  s l i g h t  gx'owth o ccu rred  when saponin  was 

used* S ince however, th e  saponin  was a compound o b ta in ed  from n a tu r a l  

sou rces and was o f  u n sp e c if ie d  pin*ity, growth co u ld  have o ccu rred  a s  

a  r e s u l t  o f  th e  p resence  o f  g ro w th -s tim u la tin g  su b stan ces  p re s e n t i n  

th e  sapon in  p re p a ra t io n  as  im p u ritie s*

Sodium o le a te  d id  n o t su p p o rt o r  a llow  growfch in  th e  c o n o e n tra tio n  

used  (80 îïîgA ), even when album in was added, b u t o le ic  ao id  a t  a  

c o n o e n tra tio n  o f  40 mgA was in în lb ito ry  i n  th e  p resen ce  o f  album in.



lABHi 2 5 . RROyW 0? C.BOVIS IN MEBIA C0NMM1K& OLEIC ACID

Medium and 
organism

GroYrbh o f C .bovis i n  C.T*U. a f t e r  
in c u b a tio n  f o r  th e  fo llo w in g  tim es 

(hou rs)
M cro so o p ic
appear once

2Sh 53h 95h 122h I6?h 230h

&&&%&& • 

FDM 5 -1ga 0 12

\

20 20 20 20 G ram -positive

FDM 5-19b 0 0 0 0 0 0
G o o o o b ac illi

FDM 5-22a 0 0 3 19 2k 41
FDM 5-22b 0 0 0 3 3 7
FDM 5-23a 8 56 70 68 68 80 T y p ica l
FDM 5‘»25b 0 ' 0 0 0 0 0

TSB’ 26 68 82 80 82 88

Gm'bo'rlB 

3?DK 5-19a 12 39 48 56 64 60 Gram-po s i t i v e

FDM 5” 19D 0 0 0 0 0 0
o o c c o b a c il l i

FDM' 5-22a 0 0 28 42 53 52
FDM 5-22b 0 0 10 10 12 10
TO! 5-83a 25 66 92 100 96 96 Rods, weoldy

TO! 5-23b 0 0 0 0 0 0
Gram-p 0 s i t  i  ve

TSB 55 86 100 112 128

5j^sixê&
WCTC 3 2 a . 
TO,! 5 -19a 20 50 6i{. 68 70 70 Gram-po s i t i v e

TO! 5-19b 0 0 0 0 0 0
o o c c o b a c il l i

FDM 5-22a 0 0 3 34 40 50
FDM 5-22b 0 0 8 12 12 13
FDM 5-23a 4* SB 82 102 120 146 T y p ica l
FDM 5-23b 0 0 0 0 0 0

TSB 49 146 188 212 212 222





G-rovrkh o f O.bovila strains

i n  fu lib / de f in e d Bieditm 5

a) Tho grov/th determ ined  tu r b id im e tr lo a l ly  (ex p ressed  i n  
Corrootod. T u zb ld lty  U n its)  o f  C .bovis s t r a i n  147 FDM 5.

b )  The grovrbli de term ined  tiB ?b id im etrio a lly  (ex p ressed  in  
C orreotod T u rb id ity  U n its )  o f  C .boyls s t r a i n  124- i n  FDM 5.

o) Tho grov/th determ ined  tin rb id im etrioa lX y  (e%%)r0sseô. i n  
C orrected  T u rb id ity  U n its )  o f  C .b o y is . KGTC 5^2lh i n  FDM 5*

Omn sq u a re s , 10 mg o f o le io  ao id  mid tO g o f  album in
added p e r  l i t r e  o f  FDM 5 (FDM 5*19a)

% en c i r c l e s ,  10 mg o f o le io  ao id  and 1#5 g o f  saponin
added p e r  l i t r e  o f  FDM 5 (FDM 5*22a)

Op on tx’ia n g le a ,  #  mg o f  o le ic  a c id  and 1*0 ml o f  Tv/aan
40 added p e r  l i t r e  o f  EDM 5 (FDM 5*23a).
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JABLE 26. &ROVm Qg C.BOm'S IN PPM 9-9 WITH WATTX ACID 

DICTOroiERS AMD PI FDM 5-2&.

Mociiiim and 
organism

Growth o f  CUhovis i n  0$T.U. a f t e r  in o u b a tio n  
f o r  th e  fo llo v jin g  tim es (h o u rs)

28h 52h 95h 1222a I67h 250h

M icroscopic

appearance

G»^p;vis_
stra l.n ." m

î ’DM 5-9 
PDM 5 -9a

FDM 5**% 
FDM S-9c

5
0

15
0

0

48
5

73
0

0

75
22

145
114

1

105
40

165
147

11

145
68

177
171

51

150
7̂ !-

177
175

59

îÿ p io a l
G ram -positive
o o c o o b a c ii l i
T o p ica l
G rajfï-variable
o o c c o b a c il l i

G#bovis 
s t r a i n  147

> 9  
FDM 5-9a

FDM 5*9b 

FDM > 9 o

5-24

20
0

28

0

0

118
12

160

0

0

230
68

352

100

h*

266
92

352

142

32

266
136

356

223

64

164

3%

308

78

ïy p io a l
G ram -positive
o o o o o b a c ill i
G ram -positive
o o o o o b a o illi
Weakly Graiu-
p o s i t iv e ,
o o c c o b a c il l i

FDM 5-9 
FDM 5 -9a  
FDM 5-9b 
FDM 5-90

FDM 5-% '

8
0

28
0

0

%
12
84
0

0

122
i{-8

178
32

136
60

180
52

136
72

188
88

8

13/;.
76

200
116

8

T y p ica l
T y p ica l
T y p ica l
V/oaltly Gram-
p o s i t iv e ,
c o c o o b a o il l i



The th re e  c le to x li^ in g  ag en ts  te s te d  :ln th e  p resen ce  o f  î^7oen 80 

(see  Table Ë6) a l l  had an e f f e c t  upon th e  morphology o f  a t  l e a s t  one 

o f th e  s t r a in s *  Of th e  two deto^dfy lng  ag en ts  capab le  o f  a llow ing  

growth i n  th e  p resen ce  o f  o le ic  a o id , Tween 40 d id  n o t r e s u l t  i n  

n iorphologioal v a r ia t io n ,  v/hereas when album in was u sed  th e  c u l tu re s  

c o n s is te d  la r g e ly  o f  o o eo o b ao illa ry  form s and th e  ty p ic a l  lo n g e r  c lu b -  

shaped ro d s were n o t seen*
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I)^souss:î.pn  ̂ and conolusip.p.s.

The stucly o f  th e  nutx’i t l o n a l  requ irem en t o f  G*bpvlB by th e  

development o f ohom ioally  d e fin e d  media ap p ears  n o t to  have been 

a ttem p ted  p rev io u sly *  A lthough G tokstad , Hoffmann and B e lt (1950) 

have in v e s t ig a te d  th e  n u tr i t io n a l ,  req u irem en ts  o f  an organism  which 

was t e n t a t i v e ly  i d e n t i f i e d  by  them as  b e in g  " o lo s e ly  r e l a t e d  to  

Opyygiebafi^teri^^ b o y is» * t i l l s  d ip h th e ro id  d id  n o t  r e q u ir e  supp lem en ta tion  

o f y e a s t  e x t r a c t  g lu co se  ag a r w ith  serum o r  o th e r  f a t t y  a c id -c o n ta in in g  

su b s tan ce s  to  be a b le  to  grow* T his f a c t  a3-oue su g g e s ts  t h a t  t h e i r  

organism  was n o t i d e n t i c a l  w ith  G .boyis sàoioe th o  c u l tu r a l  requ irem en t 

o f  C .bovis f o r  sup%)lementation o f n u t r i e n t  ag a r v?ith serum, egg-yoUc, 

l\veon, b u t t e r - f a t  o r  s im ila r  su bstance  avould appear to  be a  c o n s is te n t  

and c o n s ta n t c h a r a c te r i s t i c  o f  s t r a i n s  o f  O .b o v is . In  a d d i t io n , Jay n e- 

WilDlams and Blmrjmn ( 1966) have found th a t  S to k stad * s i s o l a t e  

(d o p e s ite d  in  th e  ikiaerioan Typo C u ltu re  C o lle c tio n  as  / I ’CC 13722) i s  

d i f f e r e n t  from  C .bov is i n  a  number o f  biooherrdoal c h a r a c t e r i s t i c s  *

An p o in te d  ou t i n  S ec tio n  G th e  enhancement o f  growth df C*bovis 

by th e  a d d i t io n  o f  serum to  n u t r i e n t  media was observed  long  ago by  

Fvans (1916) and Bendixen (1933) * Bulging th e  examiaaation o f  tho  

o u ltm 'a l  and b io ch em ica l o h a ra c to r is t ic o  o f C*boyig^ i s o l a t e s  i n  th e  

p re s e n t  work i t  was found t h a t  serum co u ld  be re p la c e d  by  b u t t e r - f a t ,  

ogg-yollc, o r  Tween 80 (o r  Tween 20) as  a d d i t iv e s  t o  media such as 

n u t r i e n t  ag a r  o r  t ry p to s e  lemco agar which allow ed th e  grow th o f  tho  

i s o l a t e s .  Furtherm ore th e se  su b stan ces  were n o t a c t in g  by 

d e to x ify in g  f a t t y  a c id s  p re s e n t as  t r a c e s  i n  th e  n u t r i e n t  m edia



(P o llo ck , 1949) s in c e  th e  a d d i t io n  o f a c t iv a te d  c h a rc o a l (which would 

adsorb  any f r e e  f a t t y  a c id s  p re s e n t)  to  t ry p to s e  lemoo ag a r o r  o f  

album in to  a  n u t r i e n t  b ro th  (Parauede b ro th )  d id  n o t a llow  th e  growth o f  

th e  i s o l a t e s .  Thus i t  appeai’ed p ro b ab le  th a t  t h i s  re p re s e n te d  a  t r u e  

n u t r i t i o n a l  req u irem en t o f  th e  i s o l a t e s ,  p ro b ab ly  f o r  a  f a t t y  aoid*

Since th e  ch em ica lly  d e f in e d  mediura cap ab le  o f  su p p o rtin g  th e  

grovrbli o f  C .bov is  was l i k e l y  to  be complex, and perhaps would be 

d1.phasio I f  l e c i t h i n  o r  f a t t y  a c id s  were in c lu d e d , i t  was co n s id ered  

im p ra c tic a b le  to  employ s o l id  d e fin e d  media f o r  d e te rm in in g  th e  

n u t r i t i o n a l  req u irem en ts  o f th e  o rganism s. Tho u se  o f  l iq u id  d e fin e d  

media on th e  o th e r  hand, a llo w s th e  p o s s i b i l i t y  o f  th e  devolopment o f  

tm i î ic l i ty  as  th e  r e s u l t  o f th e  grovrth and m u l t ip l io a t io n  o f  non- 

e x a c tin g  m u tan ts . Had vo%*y sm all inocxüa bèen  employed, th e  lo n g e r  la g  

phase and th e  e x te n s io n  o f  th e  tim e b e fo re  th e  tu r b ic l i t i e s  became 

re a d a b le  v/bu3,d have in c re a s e d  th e  p o s s i b i l i t y  o f  th e  developm ent o f 

such n o n -ex ac tin g  n u t r i e n t s  and t h e i r  omorgonoa as th e  predom inant 

p o p u la tio n  d u rin g  th e  p e r io d  o f in o u b a tio n . C onsequently , and a ls o  f o r  

th e  o th e r  re a so n  g iv m  on page 7 9 , co m p ara tiv e ly  la rg e  in o c u la  were 

u sed . N e v e rth e le s s , r e s u l t s  i n  which th o  c u l tu r e  became tu r b id  a f t e r  

a  p ro longed  la g  phase must be in te r p r e te d  w ith  c a re .

A lthough th e  amino a c id  req u irem en ts o f  th e  O .bovis i s o l a t e s  were 

n o t determ ined  a c c u ra te ly ,  th e  development o f  th e  b a s a l  m edia has 

en ab led  c e r t a in  co n c lu s io n s  to  be drav/n* For exam ple, no growth 

o ccu rred  i n  th e  f i r s t  f u l l y  d efin ed  medium, b u t  grov/th o ccu rred  when 

h is tid 1 .n e , m eth ion ine , s e r in e ,  th re o n in e  and try p to p h an  were in c lu d e d .



I i;/

Those r e s u l t s  d i f f e r e d  from th o se  o b ta in e d  by Bkeraian and Jayno- 

W illiam s (1966) who found  t h a t  a l l  th e  s t r a i n s  th e y  t e s t e d ,  a lth o u g h  

s tim u la te d  by  th e  in o lu s io n  o f  amino a c id s , were a b le  to  u t i l i s e  

ammonia as  a  so le  n i t ro g e n  source when t h i s  vms p re s e n t  a s  ajimionium 

su lp h a te  i n  a c o n c e n tra tio n  o f  1 g p e r  l i t r e  o f  medium. Jxk t h i s

r e s p e c t  i t  shou ld  be n o ted  t h a t  FDM 1 co n ta in e d  0*5 g o f  ammonium

dihydrogen phosphate  p e r  l i t r e  o f  Eiedlum in  a d d i t io n  to  e lev en  amino 

a c id s . B e t te r  growth s t i l l  o ccu rred  in  th e  m edia b ased  on FDM 3 , 

wiiich co n ta in e d  25 amino ac id s*  However tho  b e s t  grovrùh o ccu rred  i n  

FDM 4  and FDM 5 which co n ta in e d , i n  a d d i t io n  to  th e  amino a c id s  i n  

FDM 2, g lu tam in e , h y d ro ay p ro lin e , is o lc u o in o , p h e n y la la n in e ,ty ro s in e  

and v a lin e*  The Improvement o f  growth o b ta in e d  i n  FDM 4 , compared

w ith  FDM 3 , co u ld  have been due to  th e  om ission  o f  one o r  more o f  th e

amino a c id s  © (-am inobutyric a o id , o i t r u l l i i i e ,  c r e a t in in e ,  o rn i th in e  

o r  t a u r in e ,  b u t i t  i s  more l i lc e ly  t h a t  grovrth was s tim u la te d  by  th e  

in o lu s lo n  o f  g lu ta M n e  an d /o r  tyz 'o sine  ixi FDM 4#

BIcerman and Jayne-W illiam s (1966) found t h a t  a  number o f  s t r a i n s  

o f C .bov is had a  req u irem en t f o r  n ic o t in ic  a c id ,  and o th e rs  had no 

a b s o lu te  req u irem en t f o r  any v itam in . In  th e  p re s e n t  in v e s t ig a t io n  

C .bov is s t r a i n  1%  had an  a b so lu te  req u irem en t f o r  b o th  r ib o f l a v in  

and th iam in  w ith  p - a la n in e ,  py ridox ino  and b i o t i n  b e in g  s t im u la to ry . 

The o th e r  s t r a i n ,  C .bovis s t r a i n  147, had more complex grow th re sp o n se s  

s;lnoe a lth o u g h  no growth ooourrod when no v itam in s  were in c lu d e d  in  

th e  medium, a  number o f  v itam in s  o r  o th e r  grotvth f a c to r s  appeared  

capab le  o f  r e c ip ro c a l  rep lacem en t (T ab les 20a and 20b). B io tin



however was dem onstrated  to  have a  s t im u la tin g  e f f e c t  upon g ro i# h  

(Table 21 ) .  CQr?/-nebaoteriitm b o y is  a3.so had an a b s o lu te  requ irem en t 

f o r  glucose*

Grovrth o ccu rred  in  th e  chem ically  d e fin e d  media on ly  when o le io  

a c id  o r  f a t t y  a o id -c o n te in ln g  compound was included# In  th e  case  o f 

a  p a r t i a l l y  d e fin e d  medium growth occu rred  when o v o le c i th in  o r 

s y n th e tic  -d ip a lm ito y l p h o sp h a tid y lc h o lin e  was added# Bue 

p ro b ab ly  to  th e  absence from th e  i 'u l ly  d e fin ed  media o f  t r a c e s  o f  

su b stan ces capab le  o f  a c t in g  aa  s o lu b i l i s e r s  i n  th e  p a r t i a l l y  d e fin ed  

medium, th e  s jfn th o tic  l e c i t h i n s  were n o t a s  e f f l e i o n t l j  d isp e rse d  i n  

th e  'ih illy  d e fin e d  media and i t  became n e c e ssa ry  to  use  IHvoen 80 in  a  

c o n c e n tra tio n  o f  0.005?^ to  s o lu b i l i s e  th e  s y n th e t ic  le c i th in s #  The 

la c k  o f growth o f  th e  c o ry n a b a o te r ia  in  th e  fu l3 y  d e fin ed  media to  

which o n ly  s y n th e tic  l e c i t h i n  had been added cou ld  have been due e i th e r  

to  th o  poor d is p e rs io n  o f  th e  sy n th e tic  l e c i t h in s  i n  th e  medium, o r  to  

th e  organism s b e in g  unab le  to  e f f e c t  th e  breelcdoim o f th e  l e c i t h i n  o r  

th e  co n v ers io n  o f th e  f a t t y  ao id  so o b ta in ed  to  th e  f a t t y  a c id s  

s p e c i f i c a l ly  req u ired *  In  t h i s  com ieotion  i t  should  be n o ted  a lso  

th a t  th e  s^ m th e tic  l e c i t h in s  co n ta in ed  o n ly  p a lm it ic  a c id , whereas 

o v o le c i th in  c o n ta in s  b o th  sa tuz 'a ted  and u n sa tu ra to d  f a t t y  a c id s  w ith  

y0> o f  th e  f a t t y  a o id  b e in g  p a lm itic  a c id , and b e in g  o le io  a c id  

(Romanoff and Romanoff, 1949)* In  o rd e r  to  determ ine which o f  th e se  

ecHplanations was c o r r e c t  i t  would be n ec e ssa ry  to  f in d  a  method o f 

ach iev in g  s a t i s f a c to r y  d is p e rs io n  o f th e  s y n th e tic  l e c i t h i n s  w ith o u t 

employing a  s u r f a c ta n t  as  s o lu b i l i s e r ,  s in c e  th e  use o f  such a
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su rfa c tan t obviously iîitroduoes y a t a fu r th e r  mod:lfloation to  the 

medium* In  the case of I'^een 80 a t  the concentration used (0#00jp^)^ 

th is  did not alone support the groyrbh of Üia organisms, although 

0 . 05/0 IVaen 60 allov/ed extremely good groivth of C*toov;ls* However, 

the absence of growth in  a mediUm containing O.OOĝ o Tween 80 cannot 

allow the conclusion to  be dramn th a t  th is  oonoentration of Tween 80 

does not have i \  stim ulatory  e f fe c t  in  the presence of the syn thetic  

le c i th in ,  possib ly  by providing o le ic  aoid , o r even by a s s is t in g  

the breakdo?m of the  lo c i  th in , or conversion of the palm itic  acid* 

Such an e f fe c t  has been suggested in  the case of Tween 40 which has 

been used to  detoxify  o le ic  ac id  (Williams o t ^ * ,  1947)# bu t which 

has been considered by Hofmann (1963) to  be capable of strlmul.ating 

the b io syn thesis  of f a t ty  acids* One method of solving the problem 

would be to  e f fe c t  the  d ispersion  of the  syn the tic  le c i th in s  by the 

use of u ltra so n ic  I r ra d ia t io n , a method found by Attwood and 

colleagues (1965) to  give c le a r  so ls  o f aqueous d ispersions of 

sy n th e tic  le c i th in s  p resen t in  concentrations as high as 2/5 (w/w)*

The fijid ing  th a t  0,05/5 (v/v) TVeon 60 in  th e  fu l ly  defined 

media allowed gro?rth of the  s tra in s  te s te d  compo^rable to  th a t 

obtained in  tryp to se  serum b ro th  agrees vdth the v/or2c o f Cobb (1963, 

1966) and Skcrman and Jayne-^Williams ( 1966)# I t  seemed l ik e ly  th a t  

the Tween 80 (or serum, ovo lec ith in  or b u t te r - f a t )  was fu3i’i l l i n g  a 

requirem ent o f Q*bpyls ̂ fo r  f a t ty  aoid* However, i t  vms ju s t  possib le  

th a t  these substances were a ffec tin g  the  grotdîh o f G*bpvis by v ii tu e  

of th e i3.̂ su rface-ac tiv e  properties*  Since no f a c i l i t i e s  were
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a v a ila b le  f o r  d e te rm in in g  th e  su rfa c e  te n s io n  o f  th e  com pleted medi.a, 

an a ttem p t was made to  confirm  o r  deny t h i s  l a t t e r  h y p o th e s is  by  

s u b s t i tu t in g  f o r  IVeen 80 o th e r  n o n -io n ic  s u r f a c e -a c t iv e  ag en ts  

p o sse ss in g  s im ila r  îîhB (h y d ro p h il ic - l ip o p h i l ic  b a la n c e )  values* Growth 

o ccu rred  i n  th e  p resen ce  o f  on ly  a s ic g le  s u r f a c ta n t ,  one i n  which 

th e  l ip o p M lic  m oiety  was form ed from  a  g ly c e r id e  o i l ,  ten d in g  to  

confirm  t h a t  th e  req u irem en t \ms o f  a  chem ical rathex* them, a p h y s ic a l 

n a tu re .

In  a d d i t io n  to  grordmg on Tr/oen 80 ag ar and in  a f u l l y  d e f in e d  

medium to  which Ik/een 80 had been added ( e .g .  FDM 5 * 9 ) . O .bovls a ls o  

grew on Tween 20 ag a r and i n  a  fuX3-y d e f in e d  medium to  which Tween 20 

had been added (FDM 5-24) # Itreen 20, however, does n o t e x i s t  a s  a 

p u re  po3yo:>îyetbylene s o rb i ta n  m onolaurate , and i t  c o n ta in s  a 

s u b s ta n t ia l  amount o f  o le ic  a o id . C onsequently  th e  f a t t y  ao id  

req u irem en t o f  Ĝ.fopyiâ  was most lik e ] .y  to  be f u l f i l l e d ,  by  o le ic  a o id . 

M icrob ia l req u irem en ts  f o r  o le ic  ao id  (sometimes capab le  o f  b e in g  

re p la c e d  by o th e r  u n s a tu ra te d  f a t t y  a c id s )  have been  d e sc r ib e d  by 

mat̂ iy w orkers in c lu d in g  Gohon and h i s  co lleaguG s (1941), H utner (1942), 

Wi3.Xiams and co-w orkers (W illiam s and F io g e r , 1946, Vfilliom s ^

1947), P o llo ck  and co lle a g u es  (1949), Boughton and P o llo ck  (1952),

D eibol and Hiven (1955), Morgan (1960), Johiiison mid dory (1963)# and 

S i l l i k e r  and co-wox'kors (1963)* Kieman (19% ) rev iew ed th e  work on 

f a t t y  a o id  roqW ,remonts o f  b a c te r ia ,  observ in g  t h a t  i n  g e n e ra l 

u n s a tu ra te d  f a t t y  a c id s  wore groTfth*proDiotii:g, v d th  s a tu ra te d  ^ a t ty  

a c id s  b e in g  in a c t iv e ,  b u t f a t t y  a c id s  more u n s a tu ra te d  th a n  o le ic  a o id
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e x h ib ite d  l e s s  growth prom otion because o f t h e i r  in c re a s in g  a n t i -  

b a c t e r i a l  p r o p e r t ie s ;  o is  f a t t y  a c id s  were g e n e ra l ly  more s tim u la to ry  

th an  th e  t r a n s isom ers* In  most oases where a  mzloro-organism i s  

found to  have a  requix'enioxit f o r  o le ic  a o id , t h i s  omi be s a t is f i .e d  by 

th e  in c lu s io n  o f Tim on 80 in  th e  medium. The advantage o f Tvæen 80 

i s  i n  p ro v id in g  a r e s e r v o i r  o f  o le ic  a c id  in  a n o n -to x ic  form , b u t 

some organism s a re  so s e n s i t iv e  th a t  th ey  a re  in h ib i te d  by  th e  sm all 

aîiiourxts o f  f r e e  f a t t y  a c id  p re se n t i n  th e  jiiecU.um. Under th e se  

c ircu m stan ces t h i s  f r e e  f a t t y  a c id  must be adsorbed  by  a  substance  

such as bovnuie sera lbum in  f r a c t io n  V v;hioh was fo u n d  by  D avis and 

Dubos (1947) to  be n ec e ssa ry  f o r  th e  p re v en tio n  o f  in h ib i t io n  o f 

Mycobacterium  tu b e rc u lo s is  by f r e e  f a t t y  ao id  p re s e n t  i n  th e  % een  

80 which was in c lu d ed  i n  t h e i r  m edia. When an o le ic  a o id  requ irem en t 

i s  s a t i s f i e d  by  th e  a d d i t io n  o f o le ic  a o id  to  th e  medium, th e  o le ic  

a c id  must u s u a lly  be re n d e re d  n o n -to x ic  s in c e  th e  c o n c e n tra tio n  a t  

which s t im u la tio n  o f  growth occurs may be very  c lo se  to  th e  

c o n c e n tra tio n  a t  which in h ib i t io n  o f growth commences* Substances 

t h a t  have been used  to  re n d e r  o le ic  a c id  non-to3d.o w ith o u t a f f e c t in g  

i t s  grow th-stim u3.ating  p ro p e r t ie s  in c lu d e  bovine sera lbum in  f r a c t i o n  

V, Tween 4 0 , saponin  and sodium ta u ro c h o la te *  In  th e  p re s e n t 

in v e s t ig a t io n  i t  was found t h a t  o le ic  a o id  added to  th e  f u l l y  d e fin e d  

ba,sal medium would n o t allow  growth and m u l t ip l ic a t io n  u n le s s  such a 

d e to x ify in g  agen t was included*  Although Tween 40 proved to  be most 

s a t i s f a c to r y ,  i t s  use p re s e n ts  some problem s in  th e  in t e r p r e t a t i o n  

of th e  r e s u l t s  s in c e  i t  a lso  c o n ta in s  f a t t y  a c id s  and i n  a d d i t io n  

Hof mam (19&3) though t i t  capab le  o f  s t l in v la tin g  f a t t y  a c id



b io sy n th e s is*  The s t r a i n s  o f  0 . bo v is  used  were a ls o  ab le  to  grow in

a  f u l l y  d e f in e d  medium o o n ta in in g  o le ic  ao id  d e to x if ie d  by  th e

a d d i tio n  o f album in b u t m orphological v a r ia t io n  ocourred* The

co n o o n tra tio n  o f  o le ic  a c id  appeared  to  be f a i r l y  c r i t i c a l ,  rea so n ab le

growbh b e in g  o b ta in e d  i n  th e  p resen ce  o f 10 mg o le ic  a c id  p e r  l i t r e

o f  inoâiiiïa d e to x if ie d  by  th e  p resen ce  o f  0*1 album in whereas no growth

o ccu rred  when th e  c o n c e n tra tio n  o f  o le ic  a c id  was r a is e d  to  40 m g/l o r

lov/ei*ed to  0*5 m g/i ( th e  album in co n ten t rem ain ing  u n a lte red )*  Thus

th e  c o n c e n tra tio n  of o le io  ao id  a t  which growth o ccu rred  was 3*57 z

10 "M, w hereas no growth o ccu rred  when th e  c o n c o n tra tio n  was dropped

to  1*79 % 10^^M o r  r a i s e d  to  1*43 2S 10*\{* Hugo (19% ) co n s id ered

t h a t  a  growth f a c to r  which was re q u ire d  a t  a  l e v e l  o f  10*^' to  10**%î

f o r  maximum grovH;h v/as p robab ly  b e in g  incoz^)orated in to  th e  c e l l ,

w hereas f o r  a grovrbh f a c to r  to  fu n c tio n  a s  p a r t  o f  an  enzyme system ,
—8 —10th e  o o n o D n tra tio n ifo r maximum grov/th could  be a s  low a s  10 to  10 M. 

I t  would appear t h a t  th e  o le io  ao id  i s  a c tu a l ly  b e in g  re q u ire d  by  

G*bpyis_ i n  th e  sy n th e s is  o f c e l l  components end n o t a c t in g  a s  p a r t  

o f an enzyme system  such as  D oibel and Niven (1955) proposed in  th e  

case  of th e  o le io  ao id  requ irem en t o f th e  "m inute" s t r e p to c o c c i  and 

b a b to b a o il lu s  le iohm m ni^*

B io tin  appears to  be  in v o lv ed  f re q u e n tly  i n  th e  sy n th e s is  o f 

u n s a tu ra te d  f a t t y  a c id s ,  in c lu d in g  o le io  a c id  (S n e l l ,  1951), and has 

been  shovai to  r e p la c e  th e  requ irem en t o f  some b a c te r i a  f o r  o le io  a o id  

(see  f o r  example W illiam s g t  ^ * ,  1947)* The p re s e n t  in v e s t ig a t io n  

showed t h a t  i n  th e  case o f  G.b p y is  th e  in c lu s io n  o f  b i o t i n  i n  th e  

med3.um d id  n o t r e p la c e  th e  requ irem en t f o r  f a t t y  a o id  a lth o u g h  b i o t i n



had a  stim u3,atory e f f e c t  v/hen added to  th e  medium in  a d d i t io n  to  a  

f a t t y  ao id  source*

D eibe l and Niven (1955) found th a t  aarhoîi d io x id e  (p rov ided  by 

in c u b a tin g  ou3.tures i n  atm ospheres co n ta in in g  c o n c e n tra tio n s  o f  

carbon d io x id e  above th e  norm?f). a tm ospheric  c o n c e n tra tio n )  would 

re p la c e  th e  req u irem en t o f  L ao tfib ae illu s  le io h m an n ii f o r  an u n sa tu ra te d  

f a t t y  a o id , a lthough  th e  o le a te  requ irem en t o f  a  pediooocous studi.cd  

by  D e ib e l, S i l l i k e r  and Fagan ( I 964) cou ld  n o t be  re p la c e d  by 

in c u b a tio n  under in c re a se d  carbon d io 2d,de ten sio n *  D uring th e  

exam ination  o f  th e  c u l tu r a l  req u irem en ts  o f  G .bovis d e sc rib ed  in  

S ec tio n  C, in c u b a tio n  in  an atm osphere c o n ta in in g  .qg.*5?2 carbon d io x id e  

d id  n o t remove th e  n e c e s s i ty  o f  adding serum, eg g -y o lk , b u t t e r - f a t  o r  

Tiveen 80 to  a medium such as try p to s e  lemoo ag ar f o r  growth to  occur* 

The optimum c o n c e n tra tio n s  o f  th e  v a r io u s  e s s e n t i a l  

co n s titu e n t( i o f  th e  f i 'i l ly  d e fin e d  medium were th e y  to  bo determ ined  

by  th e  p re s e n t  system  o f  b a tc h  c u l tu re  would n o t n e c e s s a r i ly  r e f l e c t  

th e  reqidu^ements o f  th e  organism  gro\%lng i n  i t s  n a tu ra l  h a b ita t*  In  

th e  case  o f  Cj*b pyip  i t s  n a tu r a l  h a b i ta t  -  th e  bov1.ne udder -  p ro v id es  

an environm ent which T/ould be more c lo s e ly  im i ta te d  t e  v i t r o  by  th e  

u se  o f  a con tinuous c u l tu re  teohsaique, s in c e  i n  th e  udder th e  

n u t r i e n t s  v j i l l  be  c o n s ta n tly  renewed and th e  w aste  m e tab o lic  p ro d u c ts  

o f  th e  bacte%y,a to g e th e r  vdth  a  p ro p o rtio n  o f th e  b a o te r i a l  g ro u th  v d l l  

be  o o n tteu o u s ly  removed. In  con tinuous c u l tu re  th e  c o n c e n tra tio n s  o f  

m e ta b o lite s  r e q u ire d  a re  much low er than  th e  i n i t i a l  c o n c e n tra tio n s  o f  

m e ta b o lite s  r e q u ire d  in  b a tc h  c u l tu re  to  o b ta in  a  g iven  in c re a s e  t e
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c e l l  Toass o r  c o l l  number# Continuous c u l tu re  cou ld  a ls o  bo u sed  to  

determ ine th e  t r u e  oxygen roqu irom onts o f  th e  organism s and to  

determ ine w hether carbon  d io x id e  i s  r e q u ire d  f o r  grow th from sm all 

inocu la#  I t  i s  jjrobab le  t h a t  f u r th e r  in v e s t ig a t io n  o f  th e  n u t r i t i o n a l  

req u irem en ts  o f  G .bovis by con tinuous c u l tu re  te ch n iq u e s  v/ith  th e  

f u l l y  d e f in e d  media a lre a d y  fo rm u la ted  p ro v id in g  th e  b a s i s  f o r  

m o d if ic a tio n  may p ro v id e  ini*orm ation conoem ing  th e  rea so n s  f o r  th e  

p r e d i le c t io n  o f  t h i s  organism  f o r  th e  bovine udder and i t s  p o s s ib le  

r o le  i n  th e  t e i t i a t i o n  o f  bov ine m a s ti t is *
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IHTnîSTIG-Aa’IOÎÎ OF THE LIPASE OF C.BOVIS BY COLOHJJOTfilC

In tro d u c tio n

The r e a c t io n s  o f  on t r i h u t y r i n  a g a r , Tween a g a rs ,

b u t t e r - f a t  a g a r , V ic to r ia  b lu e  m argarine a g a r and "V ictoria b lu e  

b u t t e r - f a t  ag a r to g e th e r  in d ic a te  t h a t  .C*bqvia does p o sse ss  l i p o l y t i c  

a b i l i t y ,  a lth o u g h  th e  r e a c t io n  o f  th e  b ac te riu m  on any one medium 

p ro v id e s  ev idence  th a t  i s  n o t c o n c lu s iv e , f o r  th e  re a so n s  p u t fo rw ard  

in  S ec tio n  D. I t  %ms though t t h a t  th e  ^  v tego exam ination  o f  th e  

emyme o r enzymes re s p o n s ib le  m ight p ro v id e  uneq u iv o cal ev idence o f  

th e  p resen ce  o r absence o f  a  lip a se #

A l ip a s e ,  j-f produced by C#bpyteg would b e  e i th e r  an e x t ra 

c e l lu l a r  enzyme o r  an enzyme bound to  th e  c e l l  membrane# I f  i t  were 

an e x t r a c e l lu l a r  enzyme th e n  i t  v/ould be p o s s ib le  to  dcB ionstrato i t s  

p resen ce  in  c u lb ire  f i l t r a t e s #  However i f  i t  were a  membrane-bound 

enzyme i t  co u ld  on ly  be  e%t%*a.Dt#kl from- th e  b ac te riu m  by  d is ru p t io n  

o f  th e  c e l l s  perhaps fo llo w ed  by se p a ra tio n  o f  th e  enzyme from  th e  

c e l l  membrane, e i t h e r  o f  th e s e  s ta g e s  b e in g  l i k e l y  to  in a c t iv a te  th e  

enzyme* The absence o f  zone fo rm atio n  on b u t t e r - f a t - o r  m arg arin e - 

conta1nd,ng media vd*th zone fo rm atio n  on Ty;eon 20 ag ar and Tv?oen 80 

ag ar co u ld  be due to  th e  p ro d u c tio n  by  C.̂ bpyiB o f  a  nienibrano-bound 

l ip a s e  and an exbraoellulax* Tv;een^hydro3.ysing enzyme (n o t n e c e s s a r i ly  

a l i p a s e ,  see  page 63)* The zones produced on t r i b u t y r i n  ag a r  were 

a3.w%rs ex trem ely  narrow  and always r e s t r i c t e d  to  th e  to p  la y e r s  o f 

th e  medium, b u t because o f  th e  in h ib i to r y  e f f e c t  o f  th e  medium, th e



i n t e r p r e t a t i o n  o f t h i s  r e a c t io n  i s  r a th e r  d i f f i c u l t *

Thus i t  appeared  th a t  i t  should  be p o s s ib le  to  dem onstra te  th e  

Tw oen-hydrolysing enzyme system  in  c u l tu re  f i l t r a t e s  o r  i n  c e l l  

e x t r a c t s .  The d em o n stra tio n  o f a  t r u e  l ip a s e  (u s in g  w a te r- in so lu b lo  

s u b s t r a te s  in  a d ip h a s ic  system ) would be p o s s ib le  i f  i t  were 

id e n t ic a l  w ith  th e  Tym en-hydrolysing enzyiTio b u t  n o t i f  i t  vmre 

membrasae-bound.

W hilst many s tu d ie s  have been  made o f  o x t r a o e l lu la r  l ip a s e  

produced by b a c te r i a  ( e .g .  A lfo rd , F ie rc e  mid Suggs, 19% ) th e re  have 

been few in v e s t ig a t io n s  o f  in tz * a c e llu la r  o r  membran,e.bowKd l i p a s e s .  

Meyer, M algras and V i l l l g c r  (1962) b z tra c te d  and p u r i f i e d  a  l ip a s e  

from th e  Baoille-Calmotte-G 'Uez*in' s t r a i n  o f  ^YGobactorium tu b e rc u lo s is  

by means o f  chi'omatography on a  column o f d ie thy lam inoethy j. c e l lu lo s e .

In  th e  p re s e n t  work i t  was d ec ided  to  a tte m p t th e  dem o n stra tio n  

o f  l ip a s e  by  twv d i f f e r e n t  m ethods; f i r s t l y ,  by  u se  o f  a  c o lo r im e tr ic  

method sim ila i" to  th a t  employed by Oeligimn and N achlas (1950), and 

second3,y by s ta rc h  g e l  e le c tro p h o re s is  and po lyacry lam ide  g e l 

e le c t ro p h o re s is  u s in g  a  tec im iquo  siï£d.lar to  t h a t  f o r  th e  dem o n stra tio n  

o f  e s te r a s e s  a s  used , f o r  example, by hawrenoe, M elnlok and Weimar 

(1960),
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Mater i a l s  and Methods

Four ty p ic a l  s t r a i n s  o f  £*ll£vis ( s t r a i n  nm ibors 100, I I 9 , 124,

and 159) wore chosen and oaoh s t r a i n  was grovm i n  th re e  d i f f e r e n t

media -  i%een 20 b r o th ,  Ukmen 80 b ro th  and l e c i t h i n  b ro th*  The b a s a l

medium f o r  th o se  tîire e  b ro th s  was id o n t io t i l ,  c o n s is t in g  o f  {% w /v ):

try p to s e  (Oxoid % 7)# 1#0; bab-Lomoo b e e f  e x t r a c t  (O xoid), 0*3;

sodium c h lo r id e ,  0*5- The pH was a d ju s te d  to  7 .2  and th e  medium

d is t r ib u te d  in  25 ml amounts i n  100 ml Erlenmeyor and
os t e r i l i s e d  by au to o lav in g  a t  121 G f o r  15 m inutes* Tween 20 b ro th  and 

tlMeen 80 b ro th  were p rep ared  by adding U02 vxh o f  s t e r i l e  Tween 20 o r  

%Gcn 80 ( s t e r i l i z e d  by  au to o lav in g  a t  121^0 f o r  15 m inu tes) to  each 

25 ml aiuount o f  medium, b e o i th in  b ro th  was p re p a re d  by  adding 

a s e p tio e l 'lv  0.1 ml o f  a  s t e r i l e  2/« (w/v) e th a n o lio  s o lu t io n  o f  

l e c i t h i n  (95 *- 100?2 o v o le c it ld n  o b ta in ed  from B r i t i s h  Drug Houses L td . ,  

P oo le , D o rse t) to  each 25 ml o f  medium. S t e r i l i z a t i o n  o f  th e  l e o i t l i in  

s o lu t io n  was ach ieved  by  f i l t r a t i o n  th rough  an a sb e s to s  f i l t e r  (C arlson - 

Ford Grado MCS). The l e c i t h i n  s o lu t io n  was added to  th e  medium 

x 'ap id ly  w ith  th e  t i p  o f  th e  p ip e t te  below th e  su r fa c e  o f th e  medium, 

w hile  th e  medium was s w ir le d  r a p id ly  i n  th e  f l a s k  to  h e lp  to  ach ieve  

maximum d is p e rs io n  o f  th e  l e c i t h i n .  In o cu la  f o r  th e  l iq u id  media 

were o b ta in ed  from 3 day serum ag ar c u ltu re s*  A fte r  in o c u la t io n , 

b ro th  c u l tu r e s  were in cu b a ted  a t  37^0, and c u l tu re s  were removed f o r  

exam ination  a t  i n t e r v a l s  over a  p e r io d  o f  12 d ay s .
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Cell-free ex tract a vmro not prepared by f i l t r a t io n  since 

f i l t r a t io n  tîn^ough asbestos f i l t e r s  has been shovai to remove oz' 

inactiva te  microbi«uX lipase (Hawkins and Stoenîcen, 1963). Jbctracts 

fo r examination were obtained by centrifuging each broth culture fo r 

30 îmtutes a t 4,000 r.p.m* The co ll-free  supeimatant liqu ids so 

obtained were ©xam5.ned fo r the presence of ex tracellu lar lipase 

immediately a f te r  centrifuging#

The sedimeîzt of b ac te ria l ce lls  was excuBlnod fo r in tra c e llu la r  

lipase a f te r  orbracting the ce lls  by the method of Kohn and Bois 

(1963) . The b ac te ria l sediDBnt was washed twice m th  quarter-strength 

Binger’s solution and then a thiok suspension made of the b ac te ria l 

sediment in  d is t i l le d  water# One drop of cîiloz^oform was added for 

each m i l l i l i t r e  of suspension, the mixture shalcon in  a tight3,y 

stoppered tube and s to re d  fo r 2 days a t 4^G# This \ms then centrifuged 

and the clear supernatant liq u id  examined fo r the pz’escnco of li%)ase.

Kohn and Beis estimated tha t 90^ of the onsyn© ac tiv ity  of a 

b ac te ria l suspension would be found in  the supernatant liq u id  a fte r  

such chloroform treatment, and they found tha t the extract could be 

kept, with ohlorofozmi as a preservative, a t 4^0 fo r  up to one year 

without loss of ac tiv ity .

The e x t r a c t s  \m re  escotained f o r  l i p o l y t i c  a c t i v i t y  by th e  method 

d e sc r ib e d  by  H aohlas and Beligmmi (1949), and Seligm an end H achlas 

(1950)# The s u b s t r a te  c o n s is te d  o f  2 -n ap h th y l l a u r a te  which was added.
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as a  s o lu t io n  In  ao e to n e , to  an aqueous b u f fe r  s o lu t io n  to  g iv e  an 

em ulsion o f th e  B -naphtiiyl l a u r a te .  S ince 2 -n ap h tiiy l l a u r a te  i s  

s p a r in g ly  so lu b le  i n  w a te r , i t  w i l l  obv iously  be p re s e n t in  th e  

aqueous phase as w e ll a s  being  p re s e n t in  th e  non-aqueous phase as 

a  r e s u l t  o f  o v e r-sa tu ra tio n *  D esnuelle and 3avary (1963) p o in te d  

ou t th a t  such a  s u b s t r a te  system  may be a c te d  upon by  e i th e r  l ip a s e  

o r  e s te r a s e ,  tlie  fo ra ier h y d ro ly sin g  th e  s u b s t r a te  i n  th e  non-aqueous 

phase , th e  l a t t e r  îiyd ro ly sing  th e  s u b s t ra te  in  th e  aqueous phase* 

C onsequently i t  i s  n e c e ssa ry  to  be ab le  to  d i f f e r e n t i a t e  between th e  

a c t i v i t y  o f e s te r a s e  and th a t  o f  lip a se *  D if f e r e n t ia t io n  between 

e s te r a s e  and l ip a s e  has been o b ta in ed  t e  th e  axam :lnatlon o f t i s s u e  

hOHiogenates (N achlas and 8eligm on, 1949) and serum (Beligman and 

N aohlas, 195D) by  u s in g  sodium ta u ro c h o la te  to  a c t iv a te  l ip a s e  ( th e  

e s te r a s e  b e in g  s l i g h t l y  in h ib i te d ) ,  and q u in ine  îjydrooh loridô  to  

i n h i b i t  l ip a s e  ( th e  e s te ra s e  a ls o  b e in g  s l i g h t l y  in h ib i te d ) * The 

e f f e c t s  o f  sodium ta u ro o h o la te  and q u te ln e  hydroohloïidQ  were 

th e re fo re  examined in  th e  p re se n t v/ork, a lth o u g h  th e se  cojapoimds 

o b v iously  may have d -iffe re n t in f lu en c es  ( i f  any) on b a c t e r i a l  enzymes# 

The b a c t e r i a l  c e l l  e x t r a c ts  were a lso  examteed using  2 -n ap h th y l 

a c e ta te  a s  a  su b s tra te #  D etec tio n  o f  th e  iîy d ro ly s is  o f  th e  s u b s t ra te  

depended upon th e  a b i l i t y  o f  th e  2 -n ap h th o l r e le a s e d  by enzyme 

a c t i v i t y  to  form  a  p u rp le  aso dye ui-th t e t r a s o t i s o d  d io r th o a i i is id te e  

(F a s t Blue B S a lt)*

The p u rp le  azo dye th u s  forsned i s  e x t r a c t  ab le  w ith  e th y l  

a c e ta te ,  and th e  in t e n s i t y  o f  th e  co lo u r o f th e  e x t r a c t  i s  m easurable



OH

2«^naphthyl la u r a te

OCH,

t e t r a a o t i s e d  <2:lorthoanis3.d3.ne

HO

H

OH
FuipXc5 a0o ct̂ re

coX orim etrioa lly*  iln ab eo lu to  measure o f l i p o l y t i c  a c t i v i t y  can "be 

foimcl i f  ro q u ire d , by comparing th e  ab so rp tio n  v a lu e s  so o b ta in ed  

w ith  a  c a l ib r a t i o n  curve p rep a red  by  th e  a c t io n  o f  known co n c e n tra tio n s  

o f  2 -n ap h th o l on th e  F a s t Blue B s a lt*

S u b s tra te  s o lu t io n s  c o n s is te d  o f  0 .2  g o f  2 -n ap h th y l l a u r a te  o r
W r t  a & w  lewm # « # #  w #  m m  « s w i  ^  ^  f j

2«*naphthyl a c e ta te  ( B r i t i s h  Drug Houses I*td*) d is s o lv e d  in  100 ml o f 

acetone# s to re d  in  th e  r e f r ig e r a to r  f o r  up to  1 month i n  a  d a rk -g la s s  

b o t t l e ,  a f t e r  which i t  was d isc a rd e d  and f r e s h  s u b s t r a te  s o lu t io n  

p rep a red .

Bxifx^er s o lu t io n ;  c o n s is te d  o f  58 ml o f  a  s to ck  sodium d ie th y ltJ*’» cw fk*# ^

b a r b i tu r a t e  s o lu t io n  (lO*3 g sodium d ie th y l  b a r b i tu r a te  d is so lv e d  in
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500 rnl of d i s t i l l e d  w ate r), ndxed w ith 42 ml of O.i M hydrochloric 

aoid and 1 0 0  ml of d i s t i l l e d  water* The prepared b u ffe r  so lu tio n  

was sto red  in  a r e f r ig e ra to r  fo r  up to 1 month# a f te r  which i t  was 

discarded and fre sh  b u ffe r so lu tion  prepared*

t io n  : was prepared by d is so lv in g  0 . 5 9  g 

hydrated calcium chloride (CaCl2 *6 H2 0 ) in  1 0 0  ml d i s t i l l e d  w ater.

to  40 ml o f  b u f fe r  s o lu t io n  was added 

1 m3, o f  oaloiURi c h lo r id e  so lu tio n #  fo llow ed  by* 5 ml o f  s u b s t ra te  

so lu tio n *  The s u b s t r a te  so3-ution was added tto o u g h  a  p ip e t te  wilth 

th e  t i p  o f  th e  p ip e t t e  h e ld  b en ea th  th e  sm*face o f th e  b u f fe r

s o lu t io n  w h ils t  th e  b u f f e r  s o lu t io n  vms a g ita te d *  F in a l ly  5̂ |. ml o f

d i s t i l l e d  w ate r was added* The r e s u l t a n t  s u b s t r a t  e -b u f f  o r  s o lu t io n  

was f a i n t l y  o p a lescen t*

8 p ] ^ im n  was p rep a red  by  d is s o lv in g  0*537 g 

o f  sodiitm ta u ro c h o la te  in  100 m3, o f  d i s t i l l e d  w ate r to  g iv e  a  0*01 M 

s o lu t io n .  T h is was s to re d  i n  th e  r e f r i g e r a to r  u n t i l  r e q u ire d , f r e s h  

s o lu t io n  b e in g  p re p a re d  ev e ry  two months*

S!H£aEiiLs£,.Sifes££
One ml o f  b ro th  c u l tu r e  su p e rn a tan t l i q u id  was p la ce d  i n  each 

o f  th re e  to s t- tu b o s #  To one tu b e  was added 1 ml o f  sodium ta u ro c h o la te  

so li-ttion , to  th e  second, tu b e  was added 1 ml o f  q td n in e  h y d ro o h lo rid e  

s o lu t io n , and to  th e  thlJ?d tube  xvas added 1 ml o f  d i s t i l l e d  w a te r .

/ i f t e r  a llow ing  th e se  tu b e s  to  s ta n d  f o r  10 m inutes a t  37^0# 5 ml o f

f r e s h ly  p rep a re d  s u b s t r a te - b u f f e r  s o lu t io n  was added to  each tu b e .

These mis^iures wore in c u b a te d  f o r  2 hom^s a t  37^0, a f t e r  which 1 m3.
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of a f re sh ly  prepared Ô.ijÿl (w/v) so lu tion  o f F ast Blue B s a l t

(George T. Gurr Ltd*# London, 8.W-.6) v;as added to  oaoh tube* TMs

v/as allov/ed to  r e a c t  f o r  3 m inutes and th en  i ml o f  a  Ififa (\v/v) 

aqueous s o lu t io n  o f t r ic l i lo r o a c e t io  a c id  v/as added to  th e  co n ten ts  

o f  each tube  to  s to p  enssymc a c t io n  and f a c i l i t a t e  th e  e s ftra c tio n

o f  th e  dye. To ezcUraot th e  w a te f- ln so lu b lo  puE'ple aso dye 10 ml o f

e th y l  a c e ta te  v/ere added to  each tube  which was th en  t i g h t l y  

s to p p e red  w ith  a  ru b b e r  bung and v ig o ro u s ly  shaken* The dye- 

c o n ta in in g  e ti iy l  a c e ta te  was se p a ra te d  from th e  aqueous phase by 

o e n tr i fu g a t io n , and 5 ïïül o f  th e  e th y l  a c e ta te  t r a n s f e r r e d  to  a 

c o lo rim e te r  tube* The I n te n s i ty  o f  th e  aso dye was determ inod w ith  

an SEL Model **B” ab so rp tio m o te r (Evans E le c tro  selenium  Ltd*# H a ls tead , 

Essex) u s in g  a  Ho* 604 co lo u r f i l t e r  (peaît tra n sm iss io n  a t  a  w avelength 

o f 520 S), tJ i is  f i l t e x ’ g iv in g  maximum s e n s i t i v i t y  o f  th e  o o lo rim o te r 

to  th e  aso dye*

In  each case  th e  se ro  read in g  o f th e  in stx 'im en t was a d ju s te d  

u s in g  as  a  b la n k  a  r e a c t io n  miscfcura id e n t ic a l  excep t f o r  th e  

s u b s t i tu t io n  o f d r ls t i l lo d  w a te r  fo r  the F a s t B3.uo B s a l t  so lu tio n *

T his th e re fo re  com pensated f o r  th e  ap p re c ia b le  l i g h t  a b so rp tio n  o f 

th e  a p p ro p r ia te  medium and o f th e  ta u ro c h o la te  s o lu t io n  (when used)*

In  o rd e r  to  determ ine th e  p ro p o rtio n  o f  th e  l i g h t  a b so rp tio n  

in  th e  r e a c t io n  jn1.xtux’es caused  by  fx*eo 2 -n ap h th o l th a t  may have 

a3jE'‘eady been p re se n t i n  th e  sub s t r u t  e /b u f f  e r  s o lu t io n  t c o n tro l  

m ix tu res  were used  i n  which u n in o cu la to d  b ro th s  r e p la c e d  th e  cu ltu rez , 

sx ipernatont l i q u id .
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The oh3,oroforffi"treated oel3. e x t r a c ts  wore examined in  a s im i la r  

manner to  th e  c u l tu re  su p e rn a ta n t l iq u id s  u s in g  2 -naph tîiy l a c e ta te  

and 2 -n ap h th y l laux^ate as su b s tra te s*  The sm all amounts o f  c e l l  

e x t r a c t s  a v a i la b le  d id  n o t allovf th e  e f f e c t s  o f  sodium ta u ro c h o la te  

and qu in in e  h y d ro ch lo rid e  to  be determ ined# and on3.y 0 .3  ral amounts 

o f e x t r a c ts  co u ld  be used  in  each re a c t io n  m ix tu re . C on tro ls  f o r  th e  

c e l l  e x t r a c t s  w ere: 1) 2 -naph tiiy l a e e ta te /b u f f e r  s o lu t io n ,  w ith

d i s t i l l e d  w ate r i n  p la c e  o f th e  c e l l  e x tra c t#  and 2) 2-naphthy3. 

la u r a te /b u f f e r  s o lu t io n , w ith  d i s t i l l e d  w ate r in  p la c e  o f  th e  c e l l  

e x t r a c t .

Eesu3..ts

The o p t ic a l  d e n s ity  o f a  co lo u red  s o lu t io n  m easured w ith  

monochroHiatic l i g h t  i s  p ro p o r tio n a l to  th e  number o f  m olecules 

obsorb ing  th e  l ig h t#  and i t  i s  th e re fo r e  p ro p o r tio n a l to  th e  

c o n c e n tra tio n  o f th e  s o lu te .  In  th e  ESh Model **B*’ absorptio îuetex ' 

u s e d ,th e  p h o to - e le c t r ic  c o l l  end ndoroammoter en ab led  a  read in g  to  

be o b ta in ed  o f  e i t h e r  th e  o p t ic a l  d e n s i ty  o f th e  .s o lu t io n  under 

exam ination  or th e  p e rcen tag e  tra n sm iss io n  o f  l i g h t  th rough  th e  

s o lu t io n .

The narrow  band spectrum  f i l t e r s  in  tlx is  in s tru m e n t were 

in s e r t e d  between th e  s o lu t io n  under t e s t  and th e  p h o to - e le c t r ic  c e l l .  

Thus th e  optimum f i l t e r  f o r  use  w ith  a g iven  so3.ution xvas th e  one 

wMoh was complementary in  co lo u r to  th e  so lu tio n #  th u s  g iv in g  th e  

h ig h e s t  d e n a it5?‘ v a lu e  and maximum s e n s i t i v i t y .  T his f i l t e r  was 

shovm to  be No. 604 (peak transnd*asion a t  a  w avelength  o f 320 1) i n
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th e  ease  o f  th e  aso dye be in g  measured*

The f i r s t  o^qxerlimnt c o n s is te d  o f t e s t s  on th e  fo u r  s t r a i n s  

o f C .boy ls nuBibors 100# 119, 1%  and 159, gromi f o r  46 hours in  fiToen 

80 b ro th  and leo itW .n  b r o th ,  and f o r  120 hours i n  9Moen 20 b ro th  

( th e  lo n g e r  in c u b a tio n  tim e f o r  Tween 20 b ro th  was chosen because  o f  

th e  r e l a t i v e l y  slow growth r a t e  o f th e  organism s in  t h i s  medium)#

The a c t i v i t y  o f  each b ro th  c u l tu re  su p e rn a ta n t l i q u id  was determ ined  

w ith  and ? /ith o u t tre a tm e n t w ith  sodium ta u ro c h o la te #  The r e s u l t s  ai*e 

shown i n  T able 27*

The l i g h t  a b so rp tio n  caused  by  th e  f r e e  2-na.pIithol p re s e n t i n  

th e  s u b s t r a te  b u f f e r  s o lu t io n  a s  determ ined  by th e  xm ljaooulated 

c o n tro l  m ix tu res  caused an optical!* d e n s ity  re a d in g  o f  13*5 ^ 14*0.

The 0*D* v a lu es  caused  by r e le a s e  o f  2 -n ap h th o l th ro u g h  th e  a c t io n  

of th e  c u l tu re  e x t r a c ts  wh1.ch a r e  in d ic a te d  i n  th e  ta b le s  were 

o b ta in e d  by su7)tra.oting 13*5 from  th e  c o lo r im e te r  re a d in g s  on th e  

c u l tu re  e x t r a c t s .

S ince in c re a s e s  i n  o p t ic a l  d e n s i ty  caused  by in c re a s e s  i n  th e  

c o n c e n tra tio n  o f  a co lo u red  s o lu te  conform to  Lamb0rt*s la?/ end 

Beer 4s law , th e  c o lo rim e te r  re a d in g s  i n  Golumn 5 o f  ta b le  17 cmi be 

a d ju s te d , by  s u b s tra o tin g  th e  re ad in g  o b ta in ed  w ith  th e  s u b s t r a t e /  

b u f f e r  c o n t ro l ,  to  in d ic a te  th e  o p t ic a l  d e n s i ty  v a lu e  caused b y  

r e le a s e  (assiaaed to  be onsymit) o f  th e  2-xiaphthol f3?om th e  s u b s t r a te .  

T his value  i s  shovm in  Golumn 6 o f th e  ta b le*

I t  can be seen  t im t  0 .bp v is  s t r a i n  1%  gave th e  g r e a te s t  

a c t i v i t y  o f th e  fo u r  s t r a i n s  te s te d ,  and th e re fo re  t h i s  s tra :ln  was



TABI.B 2 7 . OOLOïaîSüTBH RliADIHGS ON BAC5?JïRIA-FMjE BROTH CULTURES

Organism

2

Medium

3

Incuba
t io n  tim e

4

T rea ted  ? à th  
ta u ro c h o la te

3

Colorimetea?
re a d in g

6
O.D. v alue  
caused  by  
r e le a s e d  

2-naphthoX

G .bovis Tween 20 b ro th 120 hours No 22 .5 9 ,0
S t r a in  100 Yes 16 .5 3 ,0

« 80 » 4B tt Yes 22 .5 9 ,0
L e c ith in  " 48 If Ho 1 5 ,5 2 .0

Yes 13 ,0 0

G .bovis Tween 20 b ro th 120 hours Ho 19 ,5 6 .0
a t S S '  119 Yes 13 ,0 0

” 00 " 48 11 Ho 20 .3 7 ,0
Yes 23 ,5 10 .5

L e c ith in  ** 48 11 Ho 13,5 0
Yes 12 .5 0

C .bpyis Tween 20 b ro th 120 hours Ho 38.0 24 ,5
s t r a i n  1%. Yes 3 5 ,5 22.0

" 80 " 48 H Ho 24,0 10 .5
Yes 30 ,5 17,0

L e c ith in  " ifB U Ho 13,5 0
Yes 24 ,0 10.5

G .bovis Tvfeeh 20 b ro th 120 h ours Yes 14 ,5 1*0
s t r a i n  139 » 00 " JiB 11 Ho 20.0 6 .5

Yes 23 ,5 10 .0
L e c ith in 48 If Ho 13 ,5 0

Yes 12 .0 0
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s e le c te d  f o r  a  f u r th e r  experim ent in  which th e  same th r e e  m edia were 

employed# w ith  b o th  b ro th  c u l tu re  su p e rn a tan t l iq u id s  gmd c e l l  

e x t r a o ts  b e in g  t a s te d  s e v e ra l  tim es over an in c u b a tio n  tim e o f  283 

hom*s in  th e  case  o f  T^veen 20 b ro th  and Tween 80 bro th#  and th e  c e l l  

e x t r a c ts  from  th e  l e c i t h i n  b ro th  c u l tu re s  b e in g  t e s t e d  seven tim es 

during  th e  p e r io d  o f  incubation*  The c o lo rim e te r  re a d in g s  o b ta in ed  

iv ith  th e  c u l tu re  su p e n m ta n t l iq u id s  a re  shoxm in  Table 28# mid th o se  

o b ta in e d  v /ith  th e  c e l l  e x t r a c ts  a re  shown in  Table 29*

I t  shou ld  be n o ted  t h a t  re p e a te d  read in g s  o f  r e a c t io n  m ix tu re s  

gave 0*D* v a lu e s  which could  v a ry  by as much a s  2*0 u n i t s  on a  rea d in g  

o f 20 (and p ro p e r t io im te ly  more a t  h ig h e r  0*0. v a lues)#  t h a t  th e  

v a lu es  obta5.nod f o r  th e  2 -n ap h th o l co n te n t o f th e  s u b s t r a te /b u f f e r  

s o lu t io n  v a r ie d  betw een 13*5 and 14,0 v /ith  th e  same b a tc h  o f  s u b s t r a t e /  

b u f f e r  so lu tio n #  and th a t  n e g a tiv e  v a lu es  o f  up to  2*0 u n i t s  wore 

o b ta in ed  f o r  c u l tu re  a c t i v i t y  a f t e r  c o n fe c tio n  f o r  th e  2 -n ap h th o l 

co n ten t o f  the s u b s t r a te .  Thus th e  r e s u l t s  should  be re g a rd e d  as  

q u a l i ta t iv e  only# th e  v a r i a b i l i t y  i n  re a d in g s  b e in g  ap p a re n t even w ith  

th e  moat c a re fu l  a t t e n t io n  to  p re c is io n  p rep a rin g  th e  r e a c t io n  

m ixtures# Such f a c to r s  a s  th e  waivaing-up tim e o f  th e  in s tru m o n t, th e  

le n g th  o f tim e f o r  which a  tube  was allow ed to  rem ain in  tîie  instrum ent#  

and v o lta g e  f lu c tu a t io n s  i n  th e  e l o o t r i o i t y  supp ly  a l l  caused  

o o n sid o rab le  v a r ia t io n s  i n  th e  read ings*  D r i f t  i n  th e  galvanom eter 

d e f le c t io n  a s  a  r e s u l t  o f  f a t ig u e  o f  th e  p h o to e le c tr ic  c e l l  was a ls o  

observed . The in£*luenoe o f some, b u t  n o t a H ,  o f  th e s e  f a c to r s  co u ld  

be e lim in a te d  by very  f re q u e n t checking and ad justm en t o f  th e  soro

rea d in g  o f th e  in s tru m e n t.
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M ateriaXa and methoda 

% o Ija s io  e le o tro p h o re t io  teoîmiquGa wore erfrployed **• i n  th e  

f i r s t  s ta ro Ii* g e l was th e  su p p o rtin g  medium^ a  tech n iq u e  f i r s t  

d e sc r ib e d  by Sm itiiies (1955)> and in  the  second th e  su p p o rtin g  

medifim v/as po lyacry lam ide  g e l ,  th e  use o f  which was d e sc r ib e d  by 

Baymond and Wang ( i9 6 0 ) .

C u ltu re s

Both b ro th  and ag a r c u l tu re s  ware employed. B ro th  c u l tu re s  

were used  to  examine b o th  su p e rn a ta n t l iq u id s  and c e l l  e x t r a c t s .

One hundrad^ml Erlenm eyer f la s k s  co n ta in in g  ■ 25 m3, amounts o f  

80 b ro th  ware in o c u la te d  from  3 day serum agctr c u l tu re s  and in c u b a ted  

a t  37^0 f o r  3 days* The Ttmen 80 b ro th  c o n s is te d  o f BactO"Casitonô 

(D ifo o ), 5 .0  g» try p to s e  (O xoid), 5*0 g j Bab-Lomco b e e f  e a t r a c t  

(O xoid), 3*0 g ; sodium c h lo r id e , 5*0 g ; d i s t i l l l e d  w a te r , 1, l i t r e |  

pil 7*2; s t e r i l i s e d  by au to c lav in g  a t  121*^0 f o r  15 milnutes, and 

s t e r i l e  Tween 80 added a s e p t io a l ly  to  a f i n a l  c o n c e n tra tio n  o f 1% v/v* 

üg ar c u l tu re s  were p rep a red  by growing th e  b a c te r ia  on 200 ml 

q u a n t i t ie s  o f 5/S serujii ag a r i n  1 l i t r e  lîoux c u ltu i 'e  f la sk s *  The medium 

was in o c u la te d  from 3 day serum ag a r  c u l tu re s  by  p re p a r in g  a  

su spension  o f th e  co r,y n eb ac te ria  in  s t e r i l e  i^ s t r e n g th  ïîingex'^s 

s o lu t io n  and a s e p t ic a l ly  sp read in g  0*5 ml o f t h i s  su sp en sio n  over th e  

su rfa c e  o f  th e  a g a r  i n  th e  Roux c u l tu re  f la s k s . C u ltu re s  were 

in c u b a te d  f o r  3 do^^s a t  37^0*

P re p a ra tio n  of e x t r a c ts  from  b ro th  c u l tu re s

B roth  c u l tu re s  o f  O*bovls s t r a in s  119, 1%  and 147 wore



za

c o n tr ifu g e d  a f t e r  in c u b a tio n  f o r  one, tv?o and th r e e  days a t  37^G.

The baotor'liu ii^free su p e rn a tan t l iq u id s  were u sed  a s  sam ples b o th  

b e fo re  and a f t e r  ooncentx 'ation  by u l t r a f i l t r a t i o n  th rough  c o llo d io n  

membranes. The u l t r a f i l t x 'a t i o n  was c a r r ie d  o u t under n e g a tiv e  

p re s s u re  i n  th e  M onibranfilter u l t r a f i l t r a t i o n  ap p a ra tu s  (m anufactured 

by  Hombï*an f i l t e r  G e so llso h a f t, G o ttingen , and d i s t r ib u t e d  by  Hudes 

M erchandising C orp ., L td . ,  52, G lo u ceste r P la c e , London, W.1)* J3eforo 

u l t r a f i l t r a t i o n  th e  ap p a ra tu s  v/as p la ced  i n  a  r e f r i g e r a to r  u n t i l  

th o ro u g h ly  c h i l l e d .  During u l t r a f i l t r a t i o n ,  th e  appax*atus was paclrod 

round vd.th crushed  i c e .  U l t r a f i l t r a t i o n  f o r  3 hou rs c o n c e n tra te d  th e  

sample fo u r  to  e ig h t  tim e s . The b a c t e r i a l  sed im ents from  th e  b ro th  

o u ltu re s  o b ta in ed  by o e n tr i fu g a t io n  wore washed tvd.ce àxi s to id le  

s tr e n g th  E inger*s s o lu t io n  and suspended i n  a  sm a ll amount o f  d i s t i l l e d  

w ate r to  produce a  th ic k  oreej%r su sp en sio n . The c e l l s  were e x tra c te d  

by th e  method o f  ICohn and R ois (1963)» by adding  oh l.o rofom  (1 drop 

f o r  oaoh m3, o f  su spension) to  each b a c t e r i a l  su sp en sio n , sh a lân g  th e  

mixtxa*e i n  a  t i g h t l y  s to p p e red  tube  and x * efrig e ra tin g  a t  4^0 f o r  2 

days.

Ih?enaration  o f  e x t r a c t s  i'rom m m r  c u l tu re s

The b a c t e r i a l  growth was h a rv e s te d  from oaoh Roux c u l tu re  

f l a s k  by  washing w ith  10 ml o f  s t e r i l e  ^ç*«-atrength R in g e r 's  s o lu t io n .  

T his su spension  was c e n tr ifu g e d  end th e  b a c t e r i a l  sedim ent washed 

tw ice  vfith  s t e r i l e  l^ s t r e n g th  R in g e r 's  so lu tio n *  The b a c t e r i a l  

sedim ents were e x tra c te d  by  th e  fo llo v d n g  m ethods.

a )  Grindilng id .th  alum ina a s  d e sc r ib e d  by MoXlwain (1948).



A pproxliïia telj eq u a l amomits o f  packed b a c t e r i a l  sedim ent and Grade 

3 / 5 0  s3,ow -outting p o lis h in g  alum ina (o b ta in ed  from  G r if f in  and George 

L td* , Braeview P la c e , K ast K ilb r id e )  were mixed and p la ced  in  a 

tie su e-* g rin d in g  tube* The m lxtui'e was c M llo d  th o rough ly  by  p la c in g  

th e  tissue**grind iiig  tu b e  in  a b eak er o f  cru shed  ic e  and w ater* The 

mixtux'o was ground f o r  about 3 m inutes u n til l  i t  had ceased  to  be dry  

and had become a  m b ist cream* During th e  g r in d in g  o p e ra tio n  th e  

t is s u e -g r in d in g  tube  was r e ta in e d  in  th e  b eak er o f  crushed  ic e  and 

w ater# A fte r  g r in d in g , about 1 ml o f  th e  a p p ro p r ia te  b u f fe r  s o lu t io n  

( th a t  i s ,  th e  same b u f f e r  s o lu t io n  as  was u sed  i n  th e  p re p a ra t io n  o f  

th e  s ta rc h  g e l  o r  po lyacry lam ide g e l)  was mixed wdth th e  past©  and 

th e n  c e n tr ifu g e d * , The su p e rn a ta n t l iq u id  was r e ta in e d  r e f r ig e r a te d  

i n  ru b b e r-s to p p e re d  2 x  ^ i n o h  tu b e s  u n t i l  r e q u ir e d  f o r  

e le c tro p h o re s is*  E le c tro p h o re s is  was c a r r ie d  o u t w ith in  2 hours o f  

th e  p re p a ra t io n  o f th e  e x tra c t*

b )  Acetone d ry in g , a s  d e sc r ib e d  by XJnibreit, B u rr is  and S ta u f fe r  

(1937)* The h a rv e s te d  and washed b a c t e r i a l  growth was j)repared  a s  a  

th ic k  cream in  s tr e n g th  R in g e r 's  s o lu t io n  and added slow ly  to  10 

volumes o f  io e -c o ld  dry  aoetone w ith  c o n s ta n t s t i r r in g *  A fte r  

s t i r r i n g  f o r  5-1Ü m inu tes, th e  b a c t e r i a l  c e l l s  w ere allow ed to  s e t t l e  

and th e  sedim ent f i l t e r e d  by  su c tio n  th ro u g h  a  c e l lu lo s e  a c e ta te  

membrane f i l t e r  (Oxoid Ltd* London, B*E*1)* The re s id u e  was washed 

w ith  a  sm all amount o f  d ry  co ld  ace to n e , which was removed r a p id ly  

by  s u c tio n . The re s id u e  was d c ied  over s i l i c a  g e l  i n  an evacuated  

d e s ic c a to r  which was k e p t in  th e  r e f r i g e r a to r  u n t i l  th e  re s id u e  was



dry# \%en requ ired , f o r  e le o tro p h o re s is  th e  dry  powder was suspended 

i n  a  em ail amount o f  a  b u f f e r  s o lu t io n  o f th e  same c o n s t i tu t io n  as  

th a t  used  f o r  p re p a r in g  th e  e le c tro p h o re s is  gel*

c) Acetone dr^/lngj fo llo w ed  by g r in d in g  w ith  alumina* Since Umbreit 

and c o lle a g u es  (1957) found th a t  ace tone--d ried  p re p a ra t io n s  sometimes 

d id  n o t g iv e  oeIfJl--free ensyiaes even a f t e r  suspending  in  a  b u f fe r  

s o lu t io n , i t  was d ec ided  to  csimnlne th e  e f f e c t  o f  fo llo w in g  th e  

ao e to n e -d ry in g  d e sc rib ed  in  (b) by g r in d in g  iT ith alum ina a s  d esc rib ed  

i n  (a)* For t h i s  purpose a  sm all am omt o f a  b u f f e r  s o lu t io n  

^P P ^upria to  to  th e  e le c t ro p h o re s is  system  being  used  (see  below) was 

added to  th e  acetone***dried i^owder to  g ive  a  th ic k ,  creamy suspension  

which vraB ground a f t e r  adding  an eq u a l amount o f  a lum ina, as  d e sc r ib e d  

i n  (a)*

d) U ltra so n ic  d i s in te g r a t io n .  The b a c t e r i a l  c e l l s  v/ere suspended in  

b u f f e r  s o lu t io n  to  g iv e  a l i q u i d  o f  creamy c o n s is te n c y . The c e l l s  

were d is in te g r a te d  by exposing them to  10 m inutes v ib r a t io n  from api 

M*S*E* U ltra so n ic  d i s in te g r a to r  tuned  f o r  mazamium output* D uring th e  

tre a tm e n t th e  g la s s  c e l l  co n ta in in g  th e  b a c t e r i a l  suspension  was 

immersed i n  crushed  ic e  and w ate r to  th e  e f f e c t  o f  heating*

e )  E igh frequency  shelcing w ith  g la s s  b ea d s• To a  oretmiy su spension  

o f  b a c t e r i a l  grov/iîh i n  b u f f e r  s o lu t io n  was added an eq u a l q u m itity  

o f  ac id*  and water^w ashed b a 3 1 o tin i  (Jjbg lish  G lass Oo* l t d . , 

L e ic e s te r )*  TEls ^mixture v/as su b je c te d  to  5 m inutes o f  high«^froquenoy 

shaldng  i n  a  Braun d is in te g r a to r  i n  which s o l id  carbon  d io x id e  was 

g e n e ra te d  to  coo l th e  suspension  du ring  th e  d lo ta te g ra t io n *



XfiTtase g tandgrd

Since no descxE ption  o f  a method f o r  dem onstra ting  l ip a s e  

a f t e r  son© e le c t ro p h o re s is  had been found when t h i s  vmrk was 

u n d ertak en , i t  was n ec essa ry  to  examine p o s s ib le  methods f o r  

d o to o tin g  l ip a s e  u s in g  a s  a  s ta n d a rd  a  smaple 3mo?m to  p o ssess  

l i p o l y t i c  powers* The s ta n d a rd  chosen was wheat germ l ip a s e  ( s ta te d  

a c t i v i t y  60 IJ p e r  mg, o b ta in e d  from Kooh-»Xaght b ab o ra to rie a#  

Colnbrook, 35uoks*) suspended in  t r i s / o l t r e t e  b u f f e r  (see  below ). The 

wheat geim l ip a s e  was examined b o th  w ith  and w ith o u t g r in d in g  w ith  

a lu ia in a (g rin d in g  method a s  d e sc rib ed  on page t39)*

In  o rd e r  to  a s c e r ta in  th e  c o m p a tib i l i ty  o f  th e  b u f fe r  s o lu t io n  

to  be used  d u rin g  e le c tro p h o re s is  and th e  ensym e-datoo ting  system  to  

be used  a f t e r  com pletion  o f e le c tro p h o ro s is , a  nuinber o f  p o s s ib le  

lipase*#d o te c tin g  system s ware t e s te d  in  th e  p resen ce  o f  v a ry in g  b u f fe r  

so lu tio n s*  These t e s t s  v/ero oar.rlcd  o u t w ith  and w ith o u t th e  a d d i t io n  

o f wheat l ip a s e  (Kooh-*Mght L a b o ra to r ie s , Golnbrook, Buclqs)* The 

co lo u r r e a c t io n  o r p r e c ip i t a t e  o b ta in ed  i n  th e  p resen ce  o f  l ip a s e  was 

compared w ith  a  c o n tro l  co n ta in in g  no lip a se *

The system s examined were a s  fol3.ows*

2 -n ap h th y l la u r a te  F a s t  Blue B s a l t
lVeon-*o6ntaining overltiys P r e c ip i ta t io n  o f  oaleium  s a l t s  o f

f r e e  f a t t y  a c id s
T r io le in  1  N ile  b lu e  su lp h a te
T r ib u ty r in  I év
B t ^ l  o le a to  ( p  •^arninodim ethylaniline
O live o H  J I hydrooîü^oride*



Throe d i f f e r e n t  hu lT or s o lu t io n s  were examined î

a) T3?is*>maleate b u f fe r  s o lu t io n  (Gomori, 1952) c o n s is te d  o f  nialoio 

a o id , 29 g and 2"*amino^2'»(hydro%ymothyl)-propa%ie-4 :2 * d io l ( t ^ s 

b u f f e r ) , 30*3 g d is s o lv e d  i n  500 ml o f  d i s t i l l e d  w ater* To t h i s  was 

added 2 g o f  powdered o harooal a f t e r  which th e  m ix tu re  was shaken and 

allow ed to  s tan d  f o r  10 m inutes b e fo re  th e  oharo o al was f i l t e r e d  o f f .  

To 40 ml o f  t h i s  s o lu t io n  was added N sodium hydroxide ( th e  amount

o f  which depended on th e  re q u ire d  pH o f  th e  b u f f e r  s o lu t io n  as 

in d ic a te d  below ), and th e  m ix tu re  d i lu te d  to  100 ml w ith  d ^ -s tille d  

viator*

N NaOH re q u ire d  (ml) ; 10 .5  16*5 19*0 22 .5  26.0

pH o f  b u f f e r  o b ta in ed  : 6 .05  6 .9  7*65 8*1 8*7

b) B a rb i ta l  b u f fe r  s o lu t io n  (Gomori, 1952) c o n s is te d  o f b a r b i t a l  

sodium, 1 *03 g , d is s o lv e d  in  50 ml o f  d i s t i l l e d  w a te r , to  which was 

added 0 .1  N liyd rooh lo rlo  a c id  ( th e  amount o f  wliich depended on th e  

re q u ir e d  pH o f th e  b u f f e r  s o lu t io n  as in d ic a te d  b e lo w ), and th e  

m ix tu re  d i lu te d  to  a  t o t a l  volume o f  100 ml vrith  d i s t i l l e d  w a te r .

0 ,1  N HCl re q u ire d  (ml) : 41*0 31,0  19.0  7*5

pH o f  b u f f e r  o b ta in ed  : 7*55 7*95 8*25 8*8

0 ) T r is  buffer solution  (Gomori, 1952) consisted of 2-*amino**2- 

(hydro3iymethyl)-propane* 1 :3 * d io l ( t r is  b u ffer), 2*1 g, in  50 ml of
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d i s t i l l e d  w a te r, to  v/hich was added N h y d ro c h lo ric  a c id  ( th e  amount 

o f  wloioh depended on th e  re q u ire d  pH o f  th e  b u f f e r  s o lu t io n  a s  

in d ic a te d  below ), and th e  m ix ture  d i lu te d  to  a  t o t a l  volume o f  100 

ml Yjith d i s t i l l e d  w ate r.

N iStl, (lal) : 16 .0  1 3 .5  9 .0

pH o f  ’b u f fe r  o b ta in ed  : 7 .5  7 .7 5  8 .2

T ris* m alea te  b u f f e r  s o lu t io n  has been used  f o r  e le c tro p h o re s is  

o f  e s te r a s e s  by  lav /rence, Melniok and V/eimer ( i9 6 0 ) , and a b a r b i t a l  

sodium bufi*er was used by  Sarda and B esn u elle  (1958) i n  th e  

p re p a ra t iv e  sone e le c t ro p h o re s is  o f  l ip a s e  and e s te r a s e  on s ta rc h  

columns.

The f iv e  s u b s t r a te  p re p a ra tio n s  oxamined were ;

1 ) T r io le in ,  t r i b u ty r in  and e th y l  o le a te  em u lsio n s. P o ly v in y l 

a lc o h o l was used  as  an © im ilsifio r as  d e sc r ib e d  by  F io re  and Nord 

( 1949) ,  P o ly v in y l a lc o h o l, 10*0 g , was s t i r r e d  in to  1 l i t r e  o f  

d istilD -od  vrator f o r  30 walnut es u s in g  a m agnetic s t i r r e r .  F ive ml 

o f  0*1 H iiyd rooh lo rio  a c id  were added and th e  m ix tu re  h ea ted  to  80^0 

w ith  s t i r r i n g ,  and h e ld  a t  80^0 in  a  w ate r b a th  u n til , th e  p o ly v in y l 

a lc o h o l had com plete ly  d is s o lv e d . One hundred ml o f  d i s t i l l e d  w ate r 

were added, th e  m ix tu re  h ea ted  f o r  a  f u r th e r  h o u r, a f t e r  viiich  i t  

vms coo led , f i l t e r e d ,  and a d ju s te d  to  pH 7*0 m t h  0 ,1  H sodium 

iiydroxide* To p rep a re  th e  em ulsion 50 ml o f  t r i o l e i n ,  t r i b u ty r in  

o r  e t liy l o le a te  være added to  100 ml o f  p o ly v in y l a lc o h o l, and



homogenised f o r  5 m inutes i n  an Atomlxer (M.8.E* L td . ,  London,

8.W.1 )# The p rep a red  em ulsion was k e p t r e f% g o ra te d  u n t i l  r e q u ire d , 

and shalcen v ig o ro u s ly  b e fo re  p ip e t t in g .

2) Sigma S ta b i l i s e d  O live O il IMuXsion ( Sigma Chemical Go, L td . ,  

London).

3) 2 -n ap h th y l l a u r a te ,  2# (w /v), i n  acetone#

The r e a c t io n  m ix tu res wore p rep ared  i n  th e  case  o f  th e  t r i o l e i n ,  

t r i b u t y r i n  o r  e th y l  o le a te  em ulsions by  m ixing 5 ml o f  s u b s t r a t e /  

polyviny]. a lc o h o l em ulsion , 5 ml o f  b u f fe r  s o lu t io n  and 5 ml o f 

l ip a s e  s o lu t io n  (wheat l i p a s e ,  0.1ÿS w /v, i n  d i s t i l l e d  w ater)#  The 

r e a c t io n  m ix tu re  c o n ta in in g  2 -n ap h th y l la i i r a to  a s  th e  s u b s t r a te  was 

p rep a red  by  p ip e t t in g  0#1 ml o f  th e  2**naphthyX la u r a te  s o lu t io n  under 

th e  su rfa c e  o f 9#9 ml o f  b u f fe r  s o lu t io n  vd,th c o n s ta n t a g i ta t io n ,  

a f t e r  wliich 5 ml o f  l ip a s e  s o lu t io n  were added. Control, tu b e s  

c o n s is te d  o f  m ix tu res  i n  which 5 o f  d i s t i l l e d  w ater had been 

s u b s t i tu te d  f o r  th e  onsyme p rep a ra tio n #

Aflei* in c u b a tio n  overn1,ght th e  m ix tu res c o n ta in in g  t r i o l e i n ,  

t r i b u ty r i n ,  e th y l  o le a te  o r o l iv e  o i l  a s  s u b s t r a te  were examined 

e i t h e r  b y  add1.tion o f  2 ml o f  a  f r e s h ly  p rep a red  0#5/^ (w/v) s o lu t io n  

o f  p#am inodim ethy lan illno  h y d ro ch lo rid e  ( a f t e r  G a s te l l  and B ryan t, 

1939; C ast©13., 1941 ) ,  o r  by  a d d it io n  o f  2 ml o f  an  aqueous s o lu t io n  

(made a lk a l in e  i/7ith 0.1H sodiura î'ïydro^dde) o f  n i lo  b lu e  su lp h a te  

(p rep ared  by d i lu t in g  5 ml o f  a  p ro p r ie ta ry  c o n c e n tra te d  n i l e  b lu e  

su lp h a te  s o lu t io n  o f unMiown c o n c e n tra tio n  to  200 ml v /ith  d i s t i l l e d  

w a te r) #

The p re fe r re d  3.ipase*-d©tecting system  g iv in g  th e  maximum co lo u r



d i f f e r o n t l a t i o n  betv/een tho  oon ta iïiiiig  l ip a s e  and th e

G pntro l m ix tu re  o o n ta in ln g  no l ip a s e ,  was foim d to  bo 2 -naph tliy l 

la iu '*ato /F ast Bluo B s a l t  w ith  th e  h o s t  co lo u r cH -fferen tiatlo în  

o c c u rr in g  i n  b u f f e r  s o lu t io n s  below pH 8 (above pH 8 th e  c o n tro l  

m ix tu re  ten d ed  to  ho q u ite  doï*kly co loured)*  The b a r b i t a l  b u iT er 

a t  pH 7*55 gave th e  # o i ) e s t  co lo u r r e a c t io n  w ith  tho  lip a se#  

C onsequently  b a r b i t a l  b u f f e r  a t  pH ?#55 was one o f  tho  b u f fe r s  used  

in  c a rry in g  o u t th e  e le c t ro p h o re s is ,  t l i i s  b u f f e r  b e in g  employed b o th  

in  th e  p re p a ra t io n  o f  th e  g e l mid as th e  b u f f e r  s o lu t io n  i n  th e  

e le o tro p h o re s is  ta n k  compartments*

In  a d d i t io n , th e  d iso o n tin u o u s b u f f e r  system  f i r s t  used  by 

P o u lik  (1957) was a ls o  employed, i n  th e  c o n c e n tra tio n  recommended 

by  B a i l l i e  and N o rris  (1963)# In  P o u l i k d i s c o n t i n u o u s  b u f fe r  

system , th e  g e l  i s  p rep a red  in  a  tr ls* -o lti* io  ao id  b u f fe r  and th e  

e le c tro d e  oompartmonts o f  th e  e le c t ro p h o re s is  tanic c o n ta in  a, b o r ic  

a o id  b u ffe r*  Such a  system  was found by  Foulllc to  g iv e  a sh a rp e r  

s e p a ra tio n  o f  ooB^ounds, w ith  th e  edges o f  th o  s o w s  becoming more 

c l e a r ly  d e fin e d  as th o  boundfn’y  betw een th e  b u f f e r s  moves a c ro ss  

them# In  a d d i t io n  m ig ra tio n  occu rred  more r a p id ly  i n  a  d isco n tin u o u s  

b u f fe r  system , P o u lik  co n s id e rin g  th a t  t h i s  was p ro b ab ly  due to  th o  

vo.ltago changes t h a t  o ccu rred  ac ro ss  th o  moving boundary betw een th e  

b u ffe rs*  A nother advantage o f  t h i s  d isco n tin u o u s  b u f f e r  system  i s  

t h a t  th e  boundary i s  v i s ib l e  to  th e  unaided  eye a s  a  t h in  brown l i n e ,  

so th e  ijro g re ss  o f  th e  e le c tro p h o re s is  can be follow ed* A s to c k  

s o lu t io n  o f  2-*amino*#2»(h5rdro2îyîîiethyl)-propane»1 î5 -d io l  ( t r i s  b u f f e r ) .



I i f » /

18*36 g , c i t r i c  a c id ,  2 .12  g , made up witla d i s t i l l e d  w ate r to  1 

l i t r e  was p rep a red . X*'or a  working s o lu t io n  in  wMch a  g e l  was to  

be p rep a red , 30 ml o f  s to ck  s o lu t io n  wore d i lu te d  w ith  90 ml o f  

d i s t i l l e d  w a te r . The tan k  b u lT er c o n s is te d  o f  b o r ic  a o id , 18 .5  g, 

sodium, iiydroxido , 2 .0  g , made up w ith  d i s t i l l e d  Ymter to  1 l i t r e .

Both th e  b u f f e r  system s chosen were t h e o r e t i c a l ly  s u i t a b le  f o r  

th e  e le c tro p h o re s is  o f  maoromoleoular s o lu te s  (M orris and M orris, 

1964) s in c e  b o th  th e  t r i a  b u f f e r  and th e  b a r b i t a l  sodium wore la rg e  

o rg an ic  io n s  w ith  lovr m o b i l i t ie s ,  a  p ro p e r ty  which ten d s  to  m inim ise 

conductance changes a t  th e  sone boundaries ( th e  so**called "boundary 

an o m alie s" ) . In  a d d i t io n  th e  t r i g b u f fe r  was c a t io n ic  and th e  

b a r b i t a l  a n io n ic ; th u s  i n  u s in g  th e se  two b u f f e r s  b o th  main ty p e s  o f  

b u f fe r  E u ita b le  f o r  o lo c tro p h o re s is  o f  niacrom olocules were 

re p re s e n te d .

G els were poured in to  Perspex  tro y s  c o n s is t in g  o f  a  7" % 

b ase  v rith  rem ovable a id e  p ie c e s  wide by  doop b o l te d  on, each 

g o l th u s  b e in g  6" z  3s" x  Tv;o such g e ls  on t h e i r  b ase  p la te s  

cou ld  be accommodated s id e  by  s id e  in  th e  e le c t ro p h o re s is  tanîc.

B efore pou ring  th e  g e ls ,  th e  in s id e  s u r fa c e s  o f  each g e l t r a y  

were t h in l y  co a ted  w ith  s i l ic o n e  by  b ru sh in g  w ith  a  d is p e rs io n  o f  

s i l ic o n e  g rease  (ï%94 g rease  m anufactured by  I.C .X * L td .,  S tev en sto n , 

A y rsh ire ) i n  a c e to n e , and a llo iïin g  th e  acetone  to  evaporate .

S ta rch  g e ls  o f  th e  tjq>e f i r s t  d e sc r ib e d  by S m ith ies (1955) 

were p rep a re d  by  th e  method o f Sîïdth (1960). To 120 ml o f b u f f e r



s o lu t io n  ( e i th e r  30 ml o f s to c k  t r ls * * c i tr lo  a c id  s o lu t io n  d i lu te d  

vrith 90 nû o f  d i s t i l l e d  w a te r , o r  th e  0 ,0 5  M b a r b i t a l  pH 7*53 b u f fe r  

d e sc rib ed  on page I4 S) vrere added 12*2^^ g o f  liydro lysed  s ta r c h ,  

b a tc h  204**1 (manufactui»ed by  Connaught M edical L a b o ra to r ie s , Toronto, 

Canada and o b ta in ed  from A rnold H, H orw ell, 17# Crioklowood Broadway, 

London, N,W ,2), The c o n o e n tra tio n  o f  h y d ro ly sed  s ta rc h  used  was 

th a t  reoommended by  Connaught L ab o ra to rie s  f o r  t h i s  batch* Tho 

s ta rc h  was added to  th e  b u f f e r  s o lu t io n  a  300 Eol c o n ic a l f l a s k  o f  

b o r o s i l i c a t e  g la s s ,  and mixed to  a  com plete ly  even suspension  by 

v igo rous s w ir l in g . C onstant sw ir lin g  was m a in ta in ed  v/hiXe th e  f la s k  

was h e a te d  c a r e f u l ly  over a f a i r l y  sm all Bunsen flam e , Caro was 

ta k en  t h a t  th e  su spension  was h ea ted  even ly  and n o t to o  r a p id ly .  The 

suspension  g ra d u a lly  th id cen ed  to  a  v iscow s, sem i-*solid, opaque mass, 

h e a tin g  and v igorous sw irM ng b e in g  co n tin u ed  u n t i l  th e  m ix tu re  

became a  t r a n s lu c e n t  b u t s t i l l  f a i r l y  v isc o u s  l iq u id ,  \!/hen t h i s  

s ta g e  was reach ed  h e a tin g  was d isc o n tin u e d  and a  n e g a tiv e  p re s s u re  

im m ediately  a p p lie d  from a  v/ator pump. The l i q u i d  was a llow ed to  

b o i l  under n e g a tiv e  p re s s u re  f o r  e x a c tly  one minute* The s ta r c h  was 

th en  im m ediately  poured in to  th e  Perspex t r a y  on a  le v e l l in g  b oard  

u n t i l  th e  su rfa c e  o f th e  g e l  vms j u s t  above th e  le v e l  o f  th e  s id e s  

o f  th e  t r o y ,  A sh e e t o f  M elinex T'ype 0 p o ly e tliy len e  te r e p h th a la te  

iUlra ( l ,G ,I*  L td . ,  WeXvyn Garden C ity , H erts* ) was o o re fu lly  p la c e d  

on th e  su rfa c e  o f  th e  g e l  w ith  a r o l l i n g  a c t io n  in  o rd e r to  exclude 

a l l  a i r  b u b b le s . The s ta rc h  g e l was allow ed  to  s e t  f o r  e x a c t ly  tv/o 

hours a t  room te m p era tu re . The g e ls  vmre always used  when p re p a red  

and were nev er s to re d  b e fo re  u se .



F olyacry lao iide g e ls  were p rep a red  by  th e  tech n iq u e  o f Haymond 

mid Wang ( i9 6 0 ) . In  o rd e r  to  p rov ide  smnple s l i t s  i n  th e  g e ls .

P erspex  l i d s  to  th e  t r a y s  were employed in s te a d  o f  th e  M elinex f i lm  

used i n  th e  case  o f  s ta rc h  g e ls ,  each l i d  c a rzy in g  two Perspex  

fo rm ers 1" wide by  J "  deep by 1/16" th ic k .  Thus i n  each g e l  t r o y  

tvfo sam ples cou ld  be run  from  s l i t s  1" wide and th o  f u l l  dep th  o f  

th e  g e l .  I n  th e  case  o f  po lyacry lam ide g e ls ,o n ly  th e  d isco n tin u o u s 

b u f f e r  system  o f  Poulilc (1957) was employed, w ith  th e  g e l  b u f fe r  

b e in g  used  a t  th e  same c o n c e n tra tio n  as t h a t  used  by  FouliOc, t h a t  i s  

6o ml o f  s to ck  t r i s / o i t r i o  ao id  s o lu t io n  were mixed w ith  60 ml o f 

d i s t i l l e d  watez*. In  120 m3- o f b u f fe r  s o lu t io n , 8 ,4  g o f Cÿsnogma 41 

(B,I),H, %,td,, P oo le , D o rse t)  were d is s o lv e d , a f t e r  v/hich 2 ,4  bi1 o f  

a  i% (w/v) s o lu t io n  o f  ammonium p e rsu lp h a te  were added and v /e ll 

mixed, :f‘ollov/ed by 2mk ml o f  a  1% (w/v) s o lu t io n  o f  âim ethylam inopropyl 

cyanide* D uring t h i s  %)rooedure ca re  was tak en  n o t to  in tro d u c e  a i r  

b u b b le s , and th e  d i s t i l l e d  w ate r used  to  d i lu t e  th e  s to c k  b u f fe r  

s o lu t io n  had been p re v io u s ly  b o ile d  to  expel d is s o lv e d  a i r ,  s in c e  

th e  p o ly  a e ris  a t  io n  o f  th e  Gyanogum 41 was in h ib i te d  by tho  p resen ce  

o f  oxygen* Immédiato3̂ y a f t e r  th e  a d d i t io n  o f  th e  r e a g e n ts , th e  

m ix ture v/as poured in to  a  Pez^spex g e l t r a y  ( th e  same t 3?po a s  u sed  f o r  

maiclng s ta r c h  g e ls )  w hich, in  a d d itio n  to  b e in g  co a ted  w ith  s i l ic o n e  

a s  p rev io u s3 y , a lso  had th e  j o in t s  between th o  rem ovable s id e s  and 

betw een th e  s id e s  and th e  base  se a le d  v d th  s iJ lc o n e  g rease  to  p rev en t 

th e  e n try  o f  a i r ,  S u f f ic ie n t  mixtuz’o was added to  s ta n d  proud o f  

tho  edges o f  th e  t r a y ,  The Perspex  l i d  in c o rp o ra tin g  th e  scmple



s l i t  formoz’s  was th e n  lov/ez*ed in to  p o s i t io n  ta lcing  oai'o to  exo3,udc 

a l l  a i r  'bubbles* Tho pz»epared t r a y  was l e f t  im distuz’bed u n t i l  th e  

g o l had  s e t  (abou t 30 m3.nutos) a f t e r  which th e  g e l  i n  i t s  t r a y  was 

c h i l l e d  i n  a i^ f r ig e r a to r *

A p p lic a tio n  o f  samnjlea

Samples v/ero a p p lie d  to  th e  s ta rc h  g e ls  vrith  th e  a id  o f  f i l t e r  

paper* The rem ovable s h o r t  s id e s  o f  th e  g e l  t r a y  were removed and 

a  s t r a i g h t  o u t made w ith  a  r a s o r  blad.e a c ro ss  th e  vd d th  o f  th e  g e l 

1^" from  one end# The s h o r t  end was pushed c a r e f u l ly  back to  

r e v e a l  th e  ou t s u r fa c e . A p ie c e  o f  f i l t e r  p ap e r (Vdiatman Grad©

3 mm) ^  X §" was h e ld  i n  fo ro e p s  and s a tu r a te d  w ith  th e  sam ple, a f t e r  

which i t  was touched to  a  p ie c e  o f  f i l t e r  p ap e r to  remove a l l  ex cess  

l i q u i d .  The f i l t e r  p aper p ie c e  c a rry in g  th e  sample was c a r e fu l ly  

p la c e d  on th e  ou t f a c e  o f  th e  lo n g e r  p ie c e  o f  g e l  ta k in g  ca re  to  

exclude a l l  a ir^b iibb lea#  Up to  f iv e  sam ples cou ld  be  run  on each  

g e l  w ith  space betw een a d ja c e n t sam ples. A f te r  th e  sam ples had 

been  p la c e d  i n  p o s i t io n ,  th e  s h o r t  end o f  th e  s ta r c h  g e l  was pushed 

back in to  p la c e ,  once ag a in  oare  be in g  tatcen to  oxolude a l l  a i r  

bubbi.es, and th e  M elinex f i lm  was re p la c e d  on th e  gel*

In  th e  case  o f  th e  polyaory lam ide g e ls  th e  sam ples were p la c e d  

in  th e  preform ed sample s l i t s  u s in g  f i n e l y  dravm p a s te u r  p ip e t t e s .  

B efore th e  sam ples were p la ced  i n  th e  s l i t s  i t  was n e c e ssa ry  f i r s t  

to  s e a l  th e  b ase  o f  th e  s l i t s  a t  th e  g e l/P e rs p e x  ju n c tio n s  w ith  

m olten  v a s e l in e  u s in g  a  p a s te u r  p ip e t t e ,  th e  V ase lin e  s o l id i f y in g  

on c o n ta c t  v /ith  th e  p re ~ o h ille d  g e l and b ase  p la te *  The sample



ir/J

s l i t s  were f i l l e d  to  th e  top  (b u t n o t above th e  to p ) w ith  l iq u id  

sample and th e  s l i t s  s e e le d  v /ith  m olten V ase lin e  which Im m ediately 

SQ lldi.fied* The siurPac© o f  th e  po lyacry lam ide g e l  was th en  

covered  w ith  M ollnez film *

In  b o th  s ta rc h  g e l and polyaoryXamido g e l  e le o tro p h o re s ia , 

one o f  th o  sam ples on each g e l  c o n s is te d  o f  a b ov ine  senua z*eferenco 

standard*  T h is s ta n d a rd  serum o r ig in a te d  from  a  s in g le  b a tc h  o f  

bovine serma ( f e o id ) ,  and was d ispensed  ±n 2 x  i; in c h  ru b b e r s to p p ered  

tu b es  and h e ld  deep f ro z e n  a t  ** 15^0* A tu b e  o f  serum was d e f ro s te d  

Im ie d la te ly  b e fo re  use and once m elted  was d isc a rd e d  and n o t z^efroson* 

Fleotz'ophqresls
The g e l  t r a y s  were p la c e d  in  a  Sliandon U n iv e rsa l E le c tro p h o re s is  

Tanic Kaim ty p e  Itolc IX (Shmidon S o io n t i f ic  Co* I , t d . , 63» Found Lane» 

W illesden , London, N,W*10), th e  a p p ro p r ia te  b u f f e r  s o lu t io n s  having 

a lre a d y  been p la c e d  i n  th e  e le c tro d e  comp^vrtmonts and th e  space 

betw een th e  double w a lls  o f  tho  tahtc hav ing  been  f i l l e d  w ith  crushod 

ic e  to  îüEnln’d so  th e  tem p era tu re  r i s e  du rin g  liio  ru n . C ontact betw een 

th e  ends o f  th e  g e ls  and th o  e le c tro d e  compartments was made by  w icks 

made o f  w h ite  ab so rb en t l i n t  which ex tended  th e  i t i l l  %d.dth o f  th e  

g e l s .  The g e l s ,  and th o  w icks a t  th e  p o in ts  o f  c o n ta c t w ith  th e  g e l s ,  

were covered  w ith  Bfolinex f i lm  to  p rev en t e v a p o ra tio n  o f  w a te r from  

th e  g e ls  and tiie  w icks and to  p ro te c t  th e  g e ls  from  condensate 

f a l l i n g  on them.

The a t a b i l i a e d  e l e c t r i c i t y  supply  was o b ta in ed  from  an A.E.X. 

two ohannol s t a b i l i s e d  power supply  u n i t  Type H 1280 (m anufactured
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by A sso c ia ted  Ifle c tr io a ], I n d u s t r ie s  L td . ,  Teleoommimioatlons 

D iv is io n , WooXwloh, London, 3,E* 1 8 ), which gave a supp ly  a t  a  

chosen c o n s ta n t vo ltage*  A c o n s ta n t c u r re n t  supply  was u n o b ta in ab le  

from t h i s  appara'üus# The o u tp u t v o lta g e  o f  th e  power supp ly  was 

a d ju s te d  to  g iv e  a  p o te n t i a l  drop o f  8 v o l t s  p e r  cm a c ro s s  th e  g e l ,  

a s  judged by an Avometor vrith p robes p la ced  i n  th e  tanic b u f f e r  

compartments* In  tho  case  o f  c3-0otrophoresis w ith  a  d isco n tin u o u s 

b u f f e r  system  ( th e  b u f f e r  system  most f r e q u e n t ly  used) th e  migz’a t io n  

o f  th e  b u f f e r  boundary co u ld  bo observed , and th e  e le c t ro p h o re s is  

was co n tin u ed  im t i l  th e  brow nish b u f fe r  boundary had reach ed  a  p o in t 

10 cm from  th o  sample s l i t s *  3ji th e  ca se  o f  con tinuous b u f fe r  

system s, th e  p ro g re ss  o f  e le c t ro p h o re s is  was fo llo w ed  by p r e s ta in in g  

th e  serum sample used  a s  a  re fe re n c e  s ta n d a rd  v&th bromphenol b luo  

which caused  th e  album in component o f  th e  serum to  be co lo u red  b lu e  

w ith o u t a f f e c t in g  i t s  m o b ility  (Raymond and Wang, I9 6 0 ),

The tim e re q u ire d  f o r  e le c tro p h o re s is  was u s u a l ly  f iv e  hours* 

glio in ff  o f  g e ls  a f t e r  e le c tro p h o re s is

Bach g e l was c u t in to  fo u r  1/15" th ic k  s l i c e s  u s in g  a  coping 

saw in  which th e  b la d e  had been re p la c e d  by a t a u t  s t a in l e s s  s t e e l  

w ire  (a  b an jo  A s t^ rih g ), S lic in g  o f  th e  g e la  was ach iev ed  by  

removing th e  long  s id e s  o f  th e  g e l t r a y  and %»cplaoiug each o f  them 

v d th  a  s ta c k  o f  th r e e  1 /16" thiblc Pez’spez s t r i p s ,  which wore u sed  as  

gu ides t o  ou t th e  f i r s t  s l i c e .  This s l i c e  was removed by  r o l l i n g  

i t  o f f  s t i l l  a t ta c h e d  to  th e  M elinex film * Quo P erspex  s t r i p  was 

removed from  each s id e , and a  second 1 /16" th ic k  s l i c e  was ou t and



a ls o  removed by  ap p ly in g  a p ie c e  o f  M elinex f i lm ,  and r o l l i n g  o f f  

th e  g e l s l i c e  which adliered to  th e  film * In  a  oimilfa* way th e  t h i r d  

and fo u r th  s l i c e s  o f  g e l wore obtained* The f i r s t  s l i c e  o f  g e l  was 

o f  s l i g h t l y  uneven th io lm osa i n  th e  case o f  s ta r c h  g e ls  and i t  was 

th e re fo re  d iscarded*  Tlie th r e e  s l i c e s  o f  each s ta r c h  g e l and fo u r  

s l i c e s  o f  each po lyacry lam ide  g e l th u s  o b ta in e d  were examined by  

one o r  more o f  th e  toc îm iques d e sc rib ed  below* S ta in in g  p roced u res 

in v o lv in g  l i q u id  re a g e n ts  were c a r r ie d  o u t a t  room tem p era tu re  u n le s s  

o th e rw ise  s ta te d  i n  10 z  8" p l a s t i c  boxes f i t t e d  v /ith  a i r - t i g h t  l i d s  

to  p rev en t e v a p o ra tio n  o f  so lv en ts*  Techniques in v o lv in g  o v e r la y  o f  

th e  g e l  w ith  a  s o lu t io n  o r  em ulsion o f  th e  re a g e n t s o l i d i f i e d  v /ith  

ag a r  a re  d e sc r ib e d  in  f u l l  below*

S ta in in g  f o r  p r o te in s

The e f f e c t iv e n e s s  o f  each o f  th e  s ta in in g  s o lu t io n s  recommended 

by Bodman (i9 6 0 ) was examined, i n  a d d i t io n  to  th o  p r o te in  s t a in  o f  

F is c h l  & Gabor (1953).

a) The g e ls  were s ta in e d  f o r  30 seconds i n  a  1̂ 2 s o lu t io n  o f  

n ap h th a len e  b la c k  10B o r  naph thalene  b la c k  TS (b o th  s ta in s  o b ta in e d  

from  George T* G urr, London) i n  a  m ix tu re  o f  50 p a r t s  m ethanol, 50 

p a r t s  o f  d 1 .s t i l le d  w a te r , 20 p o r ts  o f g l a c i a l  a c e t i c  aoid* 

D eoolozE sation  was ach iev ed  in  fo u r  changes o f  th e  same so lv e n t, 

th e  g e l  b e in g  l e f t  o v e rn ig h t in  th e  l a s t  wash (Bodmon, I960)*

b ) The g e ls  were s ta in e d  f o r  30 seconds i n  a  0#1?î (w/v) s o lu t io n  

o f  n ap h th a len e  b la c k  10B o r  n aph tha lene  b la ck  TS i n  a sodium 

a c e ta t e / a c e t i c  a o id  m ix tu re  ( l  p a r t  o f  a  0*1M sodium a c e ta te
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s o lu t io n  to  1 p a r t  o f  M a o e tic  acid). Do c o lo r is a t io n  v/a$ c a r r ie d  

ou t i n  a mmbor o f  washes i n  3% a c e t ic  ao id , w ith  th e  g o l 

rem ain ing  in  th e  l a s t  wash fo r  2k hours (Bodman, I 96O),

c) The g e ls  were s ta in e d  i n  a  0#02J? s o lu t io n  o f  n igz 'o sin  in  a  

mj.xture o f  e th a n o l, t r ic l i lo r o a c e t io  ao id  and w ater* The working 

n ig ro s in  e o lu t io n  was p re p a red  by  d is s o lv in g  0*5 g o f  n ig ro s in  i n  

a  m ix tu re  o f 9 5 /  e th a n o l ,200 m l, 25/  t r io h lo r o a o e t ic  a c id , 50 ml, 

d i s t i l l e d  w ate r to  500 m l, fo llow ed  by f i l t r a t i o n  and d i lu t io n  o f  

1 p a r t  o f  th e  sto ck  n i.g ro sin  so lu t io n  w ith  k  p a r t s  o f  th e  same 

so lv e n t m ixture* S ta in in g  o f th e  g e ls  was c a r r ie d  o u t o v ern ig h t

i n  an a i r - t i g h t  box, a f t e r  which th ey  were d e c o lo r is e d  o v e rn ig h t i n  

a  5 /  s o lu t io n  o f  t r ic h lo r o a o e t io  ao id  (Bodmcm, I 960) .

d) S ta in in g  o f  th e  g e l was o a r r ie d  ou t in  th e  tr ich ro m e s t a in  o f  

F is o h l and Gabor (1953)# T his s ta in in g  s o lu t io n  c o n s is te d  o f equal 

amounts o f  ( l )  a  0 * 2 / s o lu t io n  o f  L ig h t Green (George T* G urr) i n  

0 . 5/  s ix lp h o sa lio y lic  a c id ,  ( i i )  a  0 * 2 / s o lu t io n  o f  Ponceau Red 

(George T* G urr) i n  5 /  t r ic h lo r o a o e t io  a o id , and ( i l l )  a  0 * 1 / 

s o lu t io n  o f n ap h th a len e  b lao k  i n  5 /  t r ic l i lo ro a o o t io  aoid* Tho g e ls  

were s ta in e d  f o r  f iv e  imlnutes and th en  d e c o lo r is e d  in  a  nunibor o f  

changes o f  5 /  a c e t i c  a o id  u n t i l  on ly  a  f a i n t  background co lo u r 

raïïiainod.

Of th e s e  s ta in in g  methods n ig ro s in  gave th o  c l e a r e s t  r e s u l t s  

in  s ta rc h  g e ls  and n ap h th a len e  b lao k  in  sodium a o o ta te /a c e t io  a o id  

s o lu t io n  was p r e f e r r e d  f o r  s ta in in g  po lyacry lam ide  gels*  The 

r e s u l t s  shown i n  .Figures 7-11 woz'e th e re fo r e  o b ta in ed  u sin g  I  :n
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rlatteri stain  ..

Sta in in fc  f o r  c a ta la s e

Tho g o l s l i c e  was f lo o d ed  vd th  a  3 /  s o lu t io n  o f  20-volume 

hydz'ogen p e ro x id e  f o r  30 seconds, fo llow ed  by r in s in g  w ith  w a te r . 

C a ta la se  bands caused  th e  e v o lu tio n  o f osjygen as numerous sm all 

bubbles* The p o s i t io n  and v d d th  o f th e  bands were m easured.

S ta in in g  f o r  e s te r a s e

The method o f  Lawrence, Melniok and Weimer (196O) was 

employed. Tho g e l s l i c e  was f lo o d ed  w ith  th e  fo llo v d n g  s o lu t io n :

D.1M 2-mrdno*‘2'*(hydz^o3ïym©thyl)-pz^opanQ-1 s3 * d io l, 30 m l; 0.1M 

m aleio  a o id , 20 m l; 1 /  1##naphthyl a c e ta te  i n  5 0 /  a ce to n e , 2 m l; 

f a s t  Blue B s a l t  25 mg. The s o lu t io n  was p re p a re d  im m ediately  

b e fo re  use by  adding th e  1 -n ap h th y l a c e ta te  s o lu t io n  to  th e  b u f fe r  

w ith  c o n s ta n t m ixing, th e  t i p  o f  tho  p ip e t te  b e in g  h e ld  below  tho  

su r fa c e  o f  th o  l iq u id ,  a f t e r  which tho  F a s t Blue B s a l t  was d is s o lv e d  

in  th e  m ix tu re . Tho s o lu t io n  was allow ed to  a c t  on th e  g e l  s l i c e  

f o r  1 hour a t  room tom pez'ature. E s to ra se  bands developed as  re d d is h -  

p u rp le  a r e a s .  I f  th e  e s te r a s e  bands were n o t v /e ll-d ev e lo p ed  a f t e r  

1 h o u r, i t  was found th a t  i t  was p o s s ib le  to  o b ta in  deeper s ta in in g  

o f  th e  bands v/itliout ex c ess iv e  background s ta in in g  by  ollovrXng th e  

g e l  s l i c e s  to  rem ain  ûxl th e  develop ing  s o lu t io n  f o r  oven a s  lo n g  as 

18 h o u rs . A fte r  o v e rn ig h t in c u b a tio n  g e n t le  r in s in g  o f th e  g e ls  

removed any d e p o s it  t h a t  had formed on th e  g e ls .

Btainlzig, for lip ase

The method employed was s im lla r  to  t h a t  u se d  f o r  th e  d e tec tio n .
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o f  e s te r a s e ,  b u t th e  s u b s tra te  was 2 -naph thy l I t iu ra te  in s te a d  of 

1 -n a p h th jl  a c e ta te *  The F a s t Blue B s a l t  u sed  was ab le  to  r e a c t  

w ith  2 -n ap h th o l as  w ell as 1 -naph tho l to  form  p u rp le  azo  dyes* 

DemonstA'*ation of  l ip a s e  w ith  o liv e , o i l  a s  th e  s u b s t r a te

The g e l s l i c e  to  be examined v/as p la ced  on a  p ie c e  o f  M elinez 

f2.1m on a sh e e t o f  Perspex* To 10 ml o f  m olten 5 /  ag a r (Oxoid Agar 

No# 3» 3 g , i n  100 ml o f  d i s t i l l e d  w ate r) wore added a t  45^0 5 lol. Of 

Sigma S ta b i l i s e d  O live O il IM ulsion* A fte r  m ixing t h i s  was poured 

quiolcly over th e  g e l  s l i c e  and allow ed to  s e t  a s  a  th in  lay er*

Melinox f i lm  was then  p la ced  on th e  su rfa c e  o f  th e  agar* The 

p rep a red  g e l s l i c e  was in c u b a ted  o v ern ig h t a t  37^8 o r  a t  room 

tem pera tu re  and th en  examined f o r  c le a r in g  o r p re c ip i ta t io n *  In  

th e  absence o f  any r e a c t io n ,  in c u b a tio n  was co n tin u ed  f o r  an o th e r 

48 hours*

T r ia l s  n o t involviUig e le c tro p h o re s is  i n  which th e  a c t io n  o f 

wheat l ip a s e  on th e  s o l i d i f i e d  o l iv e  o i l  was examined re v e a le d  th a t  

a  sone o f  g ra n u la r  p r e c ip i t a t io n  o ccu rred  which was s im ila r  to  th a t  

develop ing  in  Tv;oen ag ar as  a  r e s u l t  o f  b a c t e r i a l  a c t io n :  th e

c o a rs e ly  g ra n u la r  p r e c ip i t a t e  was accompanied b y  a  d ec rease  in  th e  

background tu r b id i t y  lui th e  %one, so t h a t  th e  r e a c t io n  was c l e a r ly  

v is ib le *

To 10 ml o f  m olten 3 /  ugor (Oxoid Agar Ho*3) co n ta in in g  0 .1 /  

calcium  c h lo r id e  were added 10 ml o f  2?5 Tween 20» Tiveen 40 , Tween 60 

o r  Tivcon 80* A fte r  m ixing t h i s  was poured q u ic k ly  o ver th e  g e l



s l i c e  to  be  examined, which had p re v io u s ly  been p la ce d  on a p ie c e  

o f  M olinex f i lm . The Tv?een/agai* m ix tu re  was a llow ed to  s e t  a s  a  

th in  la y e r  and i t  was covered  w ith  a p ie c e  o f  H olinex  f i lm . The 

p rep a red  g e l s l i c e  was in c u b a te d  o v e rn ig h t a t  37^0 o r a t  room 

tem p era tu re , and th en  examined f o r  th e  p resen ce  o f  p r e c ip i t a t e d  

calcium  s a l t s  o f  f a t t y  a c id s .  In  th e  absence o f a  r e a c t io n ,  

in c u b a tio n  v;as co n tin u ed  f o r  a f u r th e r  48 h o u rs .

R esu lt^

The e f f e c t iv e n e s s  o f  th e  tech n iq u es  u sed  f o r  s ta in in g  p ro te in  

and f o r  d e te c t in g  e s te r a s e  and l ip a s e  was chocked u s in g  wheat l ip a s e  

suspensions b o th  b e fo re  and a f t e r  g r in d in g , The r e s u l t s  o f  t h i s  

az^e shown in  F iguzo 7* An unground wheat l i p a s e  sample gave two 

p ro te in  bands (F ig . 7d) and an e s te r a s e  band a t  th e  le a d in g  edge o f  

th e  sample s l i t  (F ig .7 b ) .

No r e a c t io n  was o b ta in ed  w ith  naph tliy l l a u r a t e .  Ih :*ooipitation 

was o b ta in ed  vzith l\7een 20, Tween 40 and Tiveen 60 a t  th e  sample 

o r ig in  on ly , no r e a c t io n  o ccu rrin g  v /ith  Tv;oon 80 o r  w ith  o l iv e  o i l .

The alum ina-ground sample o f wheat l ip a s e  showed an a d d i t io n a l  

fo u r  p r o te in  bands, and one o f th e  two bands found in  th e  unground 

sample was in t e n s i f i e d  (F ig . 7o)* Two e s te r a s e  bands were d isc e rn e d  

in  th e  case  o f  th e  groimd sample -  one a t  tho  f r o n t  edge o f th e  

sample s l i t  a s  b e fo re , and th e  second was a  fas t-m o v in g  band th a t  

o ccu rred  on ly  a s h o r t d is ta n c e  beh ind  th e  buffez* boundary (F ig . 7 d ) . 

The m obile e s te ra s e  band corresponded w ith  a  p r o te in  band. The 

ground wheat l ip a s e  was found  to  g ive  no r e a c t io n  w ith  naj)hti)yl
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l a w a t e  o r  80^ mid p r e c ip i ta t io n  v /ith  T^/eon 40 and Tv/een 60

ooonrrod a t  th e  o r ig in  on3.y# Hov/ever^ i n  th e  c a s e  o f  Tr/een 20, th e  

p r e c ip i t a t io n  was marked a f t e r  3 days in c u b a tio n  a t  30^0, th o  

p r e c ip i t a t io n  o cc u rr in g  to  some degree co n tin u o u sly  from  th e  o r ig in  

to  73 mm from  th e  o r ig in ,  w ith  th re e  in te n s e ly  p r e c ip i t a t in g  hands 

t h a t  corresponded  w ith  th e  t in ’oe b road  p ro te in  bands (Fig* 7e)* T his 

r e a c t io n  was simi.lea'* to  th a t  r e p o r te d  by Sarda, îtoch is*M ouren ,

C o n s tan tin  and B esn u e lle  (1957) i n  t h e i r  s tu d y  o f  p m io re a tic  l ip a s e  by  

p ap er e le o tro p h o re s ia  in  which th e y  found th a t  when a  number o f  p r o te in  

bands were o b ta in e d , each band in v a r ia b ly  p o ssessed  a  l i t t l e  l ip a s e  

a c t iv i ty *  This th ey  co n s id ered  to  be p robab ly  due to  a  c a r ry  over o f  

l ip a s e  by th o  o th e r  p ro te in s  form ing a s s o o ia t io n s  w ith  i t *

Thus th e  u se  o f Tween 20 f o r  dem onstra ting  th e  Tv/eQn**l3ydrolysing 

enssyme a f t e r  e le c tro p h o re s is  was confirm ed a s  b e in g  e f f e c t iv e ,  a lth o u g h  

i t  was d o u b tfu l w hether th e  s u b s t ra te s  2-*naphthyl l a u r a te  o r  o liv e  o i l  

would y ie ld  p o s i t iv e  r e s u l ts #

The e s te r a s e  p a t te r n  o f  bovine seruni (Oacoid S t e r i l e  re a g e n t)  o b ta in ed  

by e le c tro p h o re s is  on po lyacry lam ide g e l w ith  a  d isc o n tin u o u s  b u f fe r  

system  i s  shovm i n  F ig u re  8 (a)* This p a t te r n  i s  s ig n i f i c a n t ly  d i f f e r e n t  

from  t h a t  o b ta in e d  by P au l and F o t t r o l l  ( 1961) who re p o r te d  two e s te r a s e s  

in  bov ine  serum u s in g  s ta r c h  g e l  e le c tro p h o re s is  v /ith  a d isco n tin u o u s  

b u f f e r  system . S im ila r  d isc re p a n c ie s  have o c c u rred  between th e  symograms 

o f o th e r  s e ra  o b ta in ed  by  d i f f é r e n t  w orkers « f o r  oxainple, P aul and F o t t r o l l  

(1961) d is t in g u is h e d  f iv e  e s te r a s e  bands i n  mouse serum vdiereas H unter 

and S traohan (196I )  found n in e  (and sometime a te n )  e s te r a s e
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bands :ln mouse serum.

Supornatan t l iq u id s  from  c e n tr ifu g e d  Tween 80 b ro th  c u l tu re s  

o f  0 .bo v ie  s t r a i n s  119, 1%. and 147 were examined by  s ta rc h  g e l  

e le c tro p h o re s is  u s in g  a  d isco n tin u o u s b u f fe r  system . In  addi^tion 

th e  su p e rn a ta n t l iq u id s  were a ls o  examined aftox^ c o n c e n tra tio n  

u sin g  th o  M em branfilter u l t r o f i3 . t r a t io n  a p p a ra tu s . A fte r  

e le c t ro p h o re s is ,  g e l  s l i c e s  v;ero s ta in e d  w ith  n ig ro s in  to  d e te c t  

p r o te in s ,  and o v e r la id  w ith  camen 80 ag ar and in c u b a te d  to  d e te c t  

Tween-»hydro3.ysing ensymes* No r e a c tio n s  we)/e ob tained*  B a c te r ia l  

c e l l  e x t r a c ts  o b ta in e d  by  th e  matr od o f  Kohn and R eis (1963) were 

a3-so examined, m t h  n eg a tiv e  r e s u l t s  *** no p r o te in  bands b e in g  

v i s i b le  and no p r e c ip i t a t io n  ocom Tlng w ith  % oen 80.

B a c te r ia l  c e l l s  h a rv e s te d  from 3 p e r  c e n t serum ag a r  were 

ground vd th  alum ina (M ollwain, 1948) and th e  e x t r a c ts  o b ta in ed  wore 

su b je c te d  to  e le c tro p h o re s is  on s ta rc h  g e l  u s in g  b a r b i t a l  b u f fe r  

(pH 7«55)* / i f t e r  e le c t ro p h o re s is ,  th e  g e l  s l i c e s  vzoi'c examined f o r  

th e  p resen ce  o f  p r o te in  by u sin g  n ig ro s in , e s te r a s e  by  u s in g  

1 -n ap h th y l a c e ta te  and "3dpases" by u s in g  2 -n ap h th y l l a u r a te ,  Tv/een 

20 and Tween 80* There was no evidence o f  p r o te in  bands, e s te r a s e  

o r  ' i i p a s e " .

I t  was found th a t  th e  p ro te in  and e s te r a s e  patteam s o f  th e  

serum stand/ard o b ta in ed  by polyacry lam ide g e l  e le c t ro p h o re s is  were 

shax'*per th an  th o se  o b ta in ed  by  s ta rc h  g e l  e le c t ro p h o re s is .  

C onsequently  a i l  subsequent in v e s t ig a t io n s  o f  b a c t e r i a l  e x t r a c ts  

were c a r r ie d  o u t on po lyacry lam ide g e l .
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No p ro te in  bands were o b ta in ed  from  th e  su p e rn a ta n t l iq u id s  

o f  b ro th  c u l tu re s  u s in g  a  polyaoxylam ide g e l/d is c o n tin u o u s  b u f fe r  

system* The absence o f p ro te in  bands in  th e  su p e rn a ta n t l iq u id s  

from b ro th  o u ltu re s  su g g ested  th a t  e x t r a c e l lu la r  enzymtes were n o t 

produced^ CoBsequently, SSSl.s e t r s ln  1% was grown

on sox-'im a g a r  i n  1 l i t r e  Houx c u l tu re  f la s k s  to  o b ta in  la rg o  amounts 

o f b a c te z ^ a l growth and v a rio u s  methods o f e x t r a c t in g  o r  d is ru p tin g  

th e  c e l l s  were u sed , th e  c e l l  e x t r a c ts  be ing  oxaminod by  

e le c t ro p h o re s is  on polyaoryl.ataide g e l  w ith  a d isco n tin u o u s  b u f f e r  

system* I t  was d isco v e red  th a t  th e  method o f  îCohn and R eis f o r  

e x t r a c t in g  b a c t e r i a l  c e l l s  gave on ly  one o r  two v ery  f a i n t  and 

i n d i s t i n c t  p r o te in  b an d s . G rinding w ith  alum ina r e s u l t e d  in  two 

na3,^row, rap id ly -m oving  p ro te in  bands ( f i g .  9 a ) .  Acetone e x t ra c t io n  

o f th e  c e l l s  a ls o  r e le a s e d  p ro te in  which was s e p a ra te d  by  e le c t r o 

p h o re s is  in to  two narrow , rapldly^m ovlBg bands (Fig* 1 0 a), one o f  

which corresponded  to  a  p r o te in  bond o b ta in e d  by  g r in d in g . The 

o th e r  band o ccu rred  a t  a  s l i g l i t l y  d i f f e r e n t  p o s i t io n ,  ru n n in g  a t  

tho  same speed as th e  b u f f e r  boundary. Ho e s te r a s e  r e a c t io n  was 

o b ta in e d  w ith  tho  groimd e x t r a c t ,  and th o  e s te r a s e  r e a c t io n  th a t  was 

o b ta in ed  w ith  th e  acetone  e x t r a c t  o ccu rred  a t  tho  o r ig in  on ly  (F ig . 

10b). A r e a c t io n  a,t th e  o r ig in  was o b ta in ed  u sin g  2 -naph thy l 

la u r a te  in  tho  case o f  th e  ground e x t r a c t  (F ig . 9 d ) , b u t no r e a c t io n  

w ith  2 -n ap h th y l la u r a te  was o b ta in ed  in  th e  ea se  o f  th e  acetone 

G x trao t. The alum ina-ground e x t r a c t  produced p r e c ip i t a t io n  a t  th e  

o?:*igin m t h  Tween 20 (Fig* 9 o ), b u t no r e a c t io n s  wore produced w ith
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No re a c t io n s  were o b ta in ed  f o r  e s te r a s e ,  o r  v /ith  th e  o th e r  Tweens.



0? ACETOKE EXTRACTS 0? C,BOVIS STRAIN 1%

(Polyaorylam ide g e l/d isc o n tin u o u s  b u f fe r  system ) 
ibo

a) P ro te in

b ) E s te ra se

o) L ipase 
(Tween 60)

I
±0

I
iiii 
1
1

± i

ill

Acetone
e x tra c t io n

Acetone
e x tra c t io n

Acetone
e x tra c t io n

d) P ro te in

e) E s te ra se

I
lOOl 97 87 60 30 12

I

I

± 0

Acetone 
e x tra c t io n  
+ g r in d in g

Acetone 
e x t r a c t io n  
+ g rin d in g

12

f )  L ipase 
(2 -n ap h th y l 
l a u r a t e )

Acetone 
e x t r a c t io n  
+ g r in d in g

No re a c t io n s  were o b ta in ed  fo r  c a ta la s e ,  o r  w ith  th e  o th e r  Tweens.
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th e  o th e r  Tweens* Tween 20 e l i c i t e d  no r e a c t io n  w ith  th e  acetone  

e x t r a c t ,  h u t th e re  was p r e c ip i t a t io n  a t  th e  o r ig in  w ith  Tween 60 

(F ig ,1 0 c ) , N e ith e r  e x t r a c t  produced a  r e a c t io n  v /lth  o l iv e  o i l .

Acetone e x t r a c t io n  fo llow ed  by g r in d in g  w ith  alum ina proved 

much moro e f f i c i e n t  v d th  s ix  deep ly  s ta in e d  p r o te in  bands b e in g  

d is t in g u is h e d  a f t e r  e le c tro p h o re s is  (F ig . 10d ). There was a ls o  on 

a re a  o f  l i g h t e r  s ta in in g  o c cu rrin g  between two a d ja c e n t deep ly  

s ta in e d  bands. The tiiro e  most rap id ly -m oving  bands corresponded 

w ith  th e  two bands o b ta in ed  from  th e  ground e x t r a c t  and th e  very  

fast-m o v in g  band o b ta in e d  from th e  acetone  e x t r a c t .  An e s te ra s e  

r e a c t io n  o ccu rred  a t  th e  o r ig in  o n ly . No r e a c t io n  was o b ta in ed  

w ith  IV/oens o r  o l iv e  o i l  as s u b s t r a te s .  However, w ith  2 -naph thy l 

l a u r a te  as  th e  s u b s t ra te  a  r e a c t io n  was o b ta in ed  a t  12 mm from th e  

o r ig in ,  a  r e a c t io n  t h a t  corresponded  w ith  th e  slow est moving 

p r o te in  band,

When u l t r a s o n ic  d is in te g r a t io n  was u sed  to  extx"aot th e  b a c te r ia l  

c e l l s ,  te n  mawow b u t d e e p ly -s ta ln c d  p ro te in  bands were o b ta in ed  (see  

F i g . l l a ) ,  f iv e  o f  wMch corresponded w ith  p r o te in  bands o b ta in ed  

wrlth th e  alum ina-ground acetone  e x t r a c t .  E s te ra se  bands o ccu rred  a t  

67 im and on th e  le a d in g  edge o f  th e  saanple s l i t  (F ig . 1 1 c), The 

e s te r a s e  bond a t  87 mm corresponded i ^ th  a  p r o te in  band which was 

found i n  th e  ground e x t r a c t ,  th e  acetone  e x t r a c t  and th e  alumina^» 

ground ace to n e  e x t r a c t  b u t  i n  none o f th e se  o th e r  e x t r a c t s  was 

e s te r a s e  a c t i v i t y  d is c e rn ib le  a t  t h i s  p o in t .  No r e a c t io n s  were 

o b ta in ed  v â th  th e  Tweens, o liv e  o i l  o r  w ith  2 -n ap h th y l l a u r a t e .
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No re a c tio n s  were obtained w ith  the Tweens or 2-naphthyl la u ra te .
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C a ta la se  r e a c t io n s  were o b ta in ed  v d th  two e x ti 'a o tio n  

teo im lquos a f t e r  g r in d in g  ^Tith alundna- (Pig* 9 b ) , and a f t e r  

u l t r a s o n ic  d is in te g r a t io n  (Pig* 11b)* In  b o th  o ases  2 bands were 

o b ta in ed  b u t on ly  one band (a  narrow  one a t  5 mm) was common to  

b o th  p a t t e r n s .

No re a c t io n s  were o b ta in ed  w ith  e x t r a c ts  p rep a red  u s in g  th e  

Braun d i s in te g r a to r .
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B iso u ss io n  anrl co n c lu sio n s  

The lo n g -e s ta b lis h e d  use o f  n a p h th jl  a c e ta te  a s  a  s u b s t ra te  

f o r  e s te r a s e  and o f  naph tliy l la u ra to  as a  s u b s t r a te  f o r  l ip a s e  

in  c o lo r im e tr ic  d e te rm in a tio n s  was based  on th e  e a r l i e r  d e f in i t io n s  

( e .g . ,  Uomori, 1932) o f th e se  two onsymes, th e  c h a r a c te r i s t i c s  o f  

which a re  su im arised  in  th e  fo llo w in g  t a b le .

TABIE 50* GliAllâCTERiaTlCS Of LIPASE AM) ESTERASE

L ipase A lie s te ra s e

1 S u b s tra te  p re fe re n c e s :

a) ch a in  le n g th  o f f a t t y  a c id  Long ( > 1 2 )  S hort (< 1 2 )
b )  b ran ch in g  of f a t t y  a c id

ch a in  S tra ig h t  ch a in  ia o  ch a in
o) a l ip h a t ic  o r  arom atic

n a tu re  o f  f a t t y  a c id  A lip h a tic  Aromo^tic
d) N ature o f  a lc o h o l m oiety G lycero l Monobydric a lc o h o l
e) H ates o f  h y d ro ly s is  o f  

n d tro p h en o l e s te r s  o f  0^-0^
f a t t y  a c id s  2 < 3  *^4<5 2 < 3 > 4>  3

2 A c tiv a to rs  and in h ib i to r s  g

a) (^ïuinine In h ib i t io n  No e f f e c t
b ) A rsfm ilic  a c id  No e f f e c t  I n h ib i t io n
c) F lu o rid e  S lig h t

in lr ib i t io n  Marked in h ib i t io n
d) B ile  a c id s  A c tiv a tio n  I n h ib i t io n

As p o in te d  o u t i n  S ec tio n  i) th e  c u r r e n t  d e f in i t io n  

(Hecominondationsj 1963) o f  a l ip a s e  i s  th a t  i t  a c t s  on w ate r- 

in s o lu b le  e s t e r s  o r  f a t s  a t  th e  o s to r /v /a to r  in te r f a c e  i n  em ulsions, 

w hereas an e s te r a s e  a c ts  on w a te r-so lu b le  s u b s t r a te s .  Thus, id e a l ly ,  

a  s u b s t ra te  f o r  l ip a s e  shou ld  be t o t a l l y  in so lb b l® , and a  s u b s t ra te  

f o r  an a l i e s t e r a s e  t o t a l l y  s o lu b le , i n  w a te r . In  p r a c t ic e  some 

s u b s t r a te s  used  f o r  d e te c t in g  l ip a s e  a c t i v i t y  may be s l i g h t l y  

so lu b le  in  w ate r in  wliloh case an e s te r a s e  cou ld  a c t  on th e  s u b s t ra te
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i n  th e  aqueous phase th e  s u b s t ra te  b e in g  co n tin u o u sly  re p la c e d  

from  th e  non-aqueous p hase .

On th e  o th e r  hand l ip a s e s  may a c t  on Y/ater-*soluble s u b s t ra te s  

such as  t r i a o e t i n  and m ethyl b u ty ra te  i f  th e  s u b s t ra te  s o lu t io n  i s  

o v e r - s a tu ra te d , i n  vinloh case  th e  s u b s t r a te  may form  an em ulsion and 

become a c c e s s ib le  to  (B eanuelle and Savai'y, 1963)#

Thus, i f  th e  p re s e n t d e f in i t io n s  o f  l ip a s e  and e s te r a s e  are  

used , th e re  would be j u s t i f i c a t i o n  f o r  th e  u se  o f  n ap h th y l la u r a te  

as a  s u b s t ra te  f o r  l ip a s e  and naph thy l a c e ta te  a s  a  s u b s t ra te  f o r  

e s te r a s e ,  on ly  i f  nap h th y l a c e ta te  was r e l a t i v e l y  w a te r - s o lu b le , and 

im phtiiy l l a u r a te  r e l a t i v e l y  v ;a te r - in s o lu b le . There i s  no r e l i a b l e  

ev idence conoarnlng  th e  ex a c t s o l u b i l i t i e s  o f  th e se  two compounds i n  

w a te r, b u t b o th  a re  reg a rd ed  a s  be ing  w a te r - in s o lu b le  and any 

s l i g h t l y  g r e a te r  s o lu b i l i t y  o f  naph thy l a c e ta te  can on ly  be p re d ic te d  

on th e o r e t i c a l  grounds. N ev e rth e less  b o th  s u b s t r a te s  a re  used  in  

c ircu m stan ces i n  which th e y  e x i s t  as o v e rs a tu ra te d  aqueous s o lu t io n s  

(a lth o u g h  t h e i r  s o l u b i l i t i e s  £ire ex trem ely  lo r ; ) , and con seq u en tly  

cou ld  be a c te d  on by b o th  e s te r a s e s  and l ip a s e s .

In  th e  p resen ce  o f  em ulsions l ip a s e  m o lecu les p ro b ab ly  become 

a c t iv a te d  due to  ad so rp tio n  on to  th e  s u b s t r a te  a t  th e  s u b s t r a t e /  

w ater i n t e r f a c e .  As p o in te d  o u t in  Sectioi^x D i t  i s  an open q u e s tio n  

a s  to  w hether th e  p liysico-ohem ical s t r u c tu r e  o f  th e  so lu t io n  o f  

Tween in  w ater would al.low th e  a c t iv a t io n  o f ,  and subsequent 

liy d ro ly s is  by , a  lip a se *

The o b je c t  o f  th e  c o lo r im e tr ic  and e le c t ro p h o re t ic  s tu d ie s  in
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t h i s  work was to  examine th e  ensymes re sp o n s ib le  f o r  th e  a c t io n  o f  

C .bovis on Tween, b u t t e r - f a t  and m argarine . I t  was hoped th a t  sone 

e le c t ro p h o re s is  cou ld  r e v e a l  w hether th e  ensyims re s p o n s ib le  f o r  

th e se  r e a c t io n s  were id e n t i c a l ,  and w hether any a c t i v i t y  a g a in s t 

naph tliy l l a u r a te  d e te ra in e d  by  co lo rim e try  was due to  th e  ensyine 

(o r  ensymes) a lso  re s p o n s ib le  f o r  th e  h y d ro ly s is  o f  trween o r  n a tu r a l  

s u b s t r a te s .

The r e s u l t s  o b ta in e d  in  th e  f i r s t  ©xporiment u s in g  co lo rim e try  

(Table 27) re v e a le d  th a t  th e  b ro th s  in  vAiioh C .bov is had been grown 

were capab le  o f  h y d ro ly s in g  2 -naph ti\y l l a u r a te ,  C .bov is s t r a i n  1 %  

dem onstra ting  th e  g r e a te s t  a c t i v i t y  o f  th e  fo u r  s t r a i n s  te s te d *  A 

second, more d e ta i le d  experim ent w ith  C .bovis s t r a i n  I 24. (T ab les 28 

and 29) in  which b o th  c e l l  o x tra o ts  and c e l l - f r e e  b ro th s  were examined 

showed th a t  th e  a c t i v i t y  o f  th e  su p e rn a tan t l iq u id  from  th e  Tween 80 

b ro th  c u l tu re  was a t  a maximum a f t e r  113 hours In c u b a tio n , b u t th e  

h ig h  le v e ls  o b ta in ed  in  th e  f i r s t  experim ent wore n o t re p e a te d , and 

i n  th e  second experim ent no s ig n i f ic a n t  a c t i v i t y  (excep t p erhaps a  

s l i g h t  ta u ro e h o la te -a c t iv a te d  r e a c t io n  a f t e r  in c u b a tio n  f o r  68 h o u rs) 

was o b ta in ed  m th  th e  su p e rn a tan t l iq u id  from  th e  THveen 20 b ro th  

c u l tu r e .  In  b o th  e^qperiments th e  h y d ro ly s is  o f  n ap h th y l l a u r a te  by 

th e  su p e rn a tan t l iq u id  was a c t iv a te d  by ta u ro o h o la te , a lthough  i t  

was n o t a p p a re n tly  in l i ib i te d  by q u in in e . A c tiv a tio n  o f l ip a s e  by  

ta u ro o h o la te  i s  w e ll documented i n  th e  case  o f  p a n c re a t ic  l ip a s e ,  b u t 

ta u ro c h o la te -a o t iv a t io n  o f  m ic ro b ia l l ip a s e  has a ls o  been  d e sc rib ed  

( P a te l ,  Goldberg and B lenden, I 964) .
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The oelX e x tra c ts  reached a maximuBi in  th e i r  hydro lysis of 

naphthyl la u ra te  a f te r  68*163 hours incubation of the  o u ltu ra s , once 

again with no ticeab le  a c tiv a tio n  by taurooholate . The /e s te ra se "  

le v e ls  o f the c o ll 03d;raots (determinod w ith m phtîîy l ace ta te ) were 

f a i r ly  constant y/hen the organism was grovat in  Tween 20 b ro th  or 

Tween 80 b ro th , bu t e x tra c ts  of c e lls  grown in  le c i th in  b ro th  showed 

a r i s e  in  a c t iv i ty  aga inst naphthyl ace ta te  w ith increase  in  the time 

of inct,Vbation of the c u ltu re .

lO.0o trophores:ls  o f £#bov^^ s t r a i n  121̂ , on po lyacry lam ide g e l 

w ith  a d isco n tin u o u s  b u f fe r  system  showed th a t  h y d ro ly s is  o f  2 - 

naph tliy l l a u r a te  was a s s o c ia te d  w ith  a  p r o te in  band a t  12 mm when th e  

c e l l s  were e x tra c te d  by g rin d in g  an acetone e x t r a c t  v d th  alumina*

The o n ly  naph tliy l a c e ta te -  and iV een-hydro lysing  a c t i v i t y  to  be 

o b ta in ed  was r e s t r i c t e d  to  th e  o r ig in ,  no RU-gration o f  th e  ensymos 

re s p o n s ib le  having occu rred  ( f i g .  10 ). T his was th e  o n ly  evidence 

to  be o b ta in ed  concern ing  th e  p o s s ib le  i d e n t i ty  o f  th e  Tvmon- 

h y d ro ly sin g  onsyme id .th  th e  onsyRie re sp o n s ib le  f o r  h y d ro ly s is  o f  

n ap h th y l l a u r a te  an d /b r n ap h th y l a c e ta te .  U ltra s o n ic  d is in te g r a t io n  

o f  the  c e l l s  r e s u l te d  i n  an e s te r a s e  band a t  ®7 and an o th e r a t

th e  lo a d in g  edge o f th e  sample s l i t .  The 87 rm e s te r a s e  band 

corresponded  v?ith a p ro te in  band* The p ro te in  band a t  12 mm o b ta in e d  

a f t e r  u l t r a s o n ic  â i .s in t0g ra t io n  d isp lay ed  no ensyiiiio a c t i v i t y  a g a in s t  

nap h th y l l a u r a te  o r  any o th e r  s u b s t r a te .  The r e s u l t s  o b ta in ed  by  

e le c tro p h o re s is  in d ic a te d  th a t  u l t r a s o n ic  d is in te g r a t io n  o f  th e  

c a l l s  was e f f i c i e n t  i n  r e le a s e  o f  p ro te in s .  Ten p r o te in  bands were



o b ta in ed  from  such an  e x tra c t*  TM s corresponded w ith  th e  p ro te in  

p a t te r n  o f  C .boyi^ (KGTG 5^2lh) o b ta in e d  by Robinson (1966). The 

oa.t0d.ase p a t te r n  was a ls o  s in d la r  to  th a t  d e te c te d  by  Robinson, 

a lth o u g h  th e  two o a ta la s o s  were more vfidely se p a ra te d  by th e  

e le c t ro p h o re s is  In  th e  p re s e n t in v e s t ig a t io n .  However, th e  d e te c t io n  

o f  e s te r a s e s  In  th e  u l t r a s o n ic  d is in te g r a te  was n o t i n  acco rd  w itli th e  

work o f  Robinson, ?Aio was u nab le  to  d isc e rn  e s te i 'a s e  a c t i v i t y  i n  

iG^bgvis. The p rocedure  used  f o r  th e  p re p a ra t io n  o f  u l t r a s o n ic  

d is in te g r a te s  appeared  to  be s a t i s f a c to r y  in  t h a t  i t  r e le a s e d , b u t 

d id  n o t ih a c t iv a te ,  th e  o a ta la s e s  and e s te ra s e  (n ap h th y l a c e ta te -  

h y d ro ly s in g  ensym e), b u t i t  i s  p o s s ib le  t h a t  l ip a s e  s?/ere in a c t iv a te d  

by  t h i s  tre a tm e n t s in c e  th e  p o s i t io n  o f th e  na%)htliyl l a u r a te -  

iiy d ro ly sin g  ensyme d e te c ta b le  i n  th e  alum ina-ground acetone  e x t r a c t  

a t  12 ïmn was occup ied  by a  p r o te in  band in  th e  e lectrophoretograna o f 

ÜÎG u l t r a s o n ic  d is in te g r a te  which d isp lay ed  no r e a c t io n  w ith  n ap h th y l 

l a u r a t e .  Ho a c t i v i t y  a g a in s t  T^veens was observed  a f t e r  e le c tro p h o re s is  

in  any p o s i t io n  o th e r  th an  a t  th e  o r ig in .

From th e  e le c tro p h o re s is  r e s u l t s  i t  appeared  th a t  th e  Tv/een- 

hy d ro ly sin g  ensyma was n o t id e n t i c a l  w ith  e i t h e r  th e  n ap h th y l l a u r a te -  

hydrolys1.ng ensyme ( l ip a s e ? )  o r  the  nap h th y l a c e ta te  -  h y d ro ly s in g  

onsymo ( e s te r a s e ? ) .  No r e a c t io n  was o b ta in ed  when s t a b i l i s e d  o l iv e -  

o i l  em ulsion v;as used  as th e  su b s tra te *  The use  o f  n a tu r a l  s u b s t r a te s  

such as o l iv e  o i l  o r  b u t t e r  f o r  d e te c t in g  l ip a s e  bands i n  th e  

o lec trophoro tog ram s i s  made d i f i ’i c u l t  by t h e i r  i n a b i l i t y  to  d if fu s e  

in to  th e  g e l ,  which means t h a t  a  n o tic e a b le  r e a c t io n  p ro b ab ly  w i l l  be  

o b ta in ed  o n ly  i f  th e  l ip a s e  d iiT u ses  ou t o f  th e  g e l .  T his d id  n o t
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occur i n  t h i s  in v e s t ig a t io n ,  and th e  char a c t  o r is îa tio n  o f  l ip a s e s  by  

aone e le c t ro p h o re s is  u sin g  n a tu r a l  e m u ls if ie d  s u b s t r a te s  can p ro b ab ly  

o n ly  be aocom plished i f  a  p re p a ra t iv e  teo lm ique i s  u sed , w ith  th e  

e lu t io n  o r e x t r a c t io n  o f th e  l ip a s e  so th a t  i t s  r e a c t io n s  can be 

s tu d ie d  in  l i q u i d ,  d ip h a s ic  systems* Suoh a  techrd.que has been used 

by Sarda and co-w orker a (Sarda g;t 1957» 8arda and B esn u e lle ,

19583 Max’oM s-M ouren, Barda and B eanuo lle , 1959) i n  th e  ^ p u rif ic a tio n  

o f  p a n c re a t ic  l ip a s e  by  aqueous e x t r a c t io n ,  fo llo w ed  by f r a c t io n a l  

p r e c i p i t a t io n  w ith  ammonium su lp h a te  and ace to n e , and p re p a ra t iv e  

gone e le c tro p h o re s is  i n  s ta rc h  columns.
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aiMMC. GOMpLUBIOHa 

'lim  boy ip  shou ld  be reg a rd ed  as a  p o te n t ia l  

pathogen in  th e  udder s in ce  i t  was i s o la te d  a s  th e  so le  organism  from 

91 o f  th e  3S9 q u a r te rs  e x h ib i t in g  s u b o lin io a l  m a s t i t i s  and from  13 o f  

th e  32 q u a r te r s  iv ith  c l i n i c a l  m a s tit is *

Of 142 d ip h th e ro id s  i s o l a t e d  from sam ples o f  f r e s h ly  drawn 

bovine m ilk o ver a  p e r io d  o f  two y e a rs , 127 corresponded  m o rp h o lo g ica lly  

and c u l tu r a l l y  to  Gorynebaoterium  b o v is . F ive o f th e  rem aining s t r a i n s  

c lo s e ly  resem bled  M c ro b a o te r iim  i n  many c h a r a c t e r i s t i c s  in c lu d in g

t h e j r  h e a t r e s i s ta n c e ,  b e in g  a b le  to  su rv iv e  13 m inutes a t  72^0# The 

main d if fe re n c e  betvmen th e se  M orobac teriu ia  i s o l a t e s  and th e  p u b lish ed  

desor3 .p tions o f  Z^probapterlum . was th a t  th e  i s o l a t e s  grev; h o t t e r  a t  

37^0 th a n  a t  3 0 No organism s were i s o l a te d  th a t  corresponded  w ith

G .u lc e rp is .

D uring th e  pr^miary i s o l a t i o n  o f  th e  organism s from th e  mille 

sam ples, th e re  was no d if fe re n o e  in  th e  ziumbers o r  s i s e  o f th e  co lo n ie s  

o b ta in e d  on serum ag a r and b lood  agar ( th e  med3.um r o u t in e ly  used  f o r  

th e  i s o l a t i o n  o f m a s t i t i s — causing  b a c te r i a ) ,  b u t  subsequent growth 

o f  th e  i s o l a t e s  was s u b s ta n t i a l ly  b e t t e r  on serum a g a r  th an  th a t  

o b ta in ed  on b lood  agar* I t  i s  suggested  that; t h i s  phenomenon may be 

due to  th e  b lo o d  ag a r b e in g  in h ib i to r y  tow ard C .b o v is , which i s  

p ro te c te d  from t h i s  in i i ib i to r y  e f f e c t  during  p rim ary  i s o l a t i o n  by  th e  

m ilk  in  which i t  i s  s tre a k e d  on to  th e  su rfa c e  o f  th e  b lo o d  ag a r.

The c u l tu r a l  requ irem en t o f  C .bovis f o r  media c o n ta in in g  serum 

f i r s t  n o ted  by  Evans (1916) and Bendixen (1933), was confirm ed, and th e  

c u l tu r a l  req u irem en t f o r  serum cou ld  bo s a t i s f i e d  by  rep lacem en t o f  th e
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serum by egg-yo3J.c, b u t t e r - f a t  o r  Tv/een 80* These oompounds a c te d  by 

s a t i s f y in g  a  n u t r i t i o n a l  2*equirement o f  C.bov is  r a th e r  th an  by 

ren d e rin g  th e  media such as t ry p to s e  lemeo ag a r n o n - in h ib ito ry  by 

b in d in g  t r a c e s  o f  f r e e  f a t t y  a c id s , s in ce  th e  i s o l a t e s  o f C .bovis 

were unab le  to  grow i n  media co n ta in in g  a lb u m n  o r  a c t iv a te d  ch a rco a l 

(b o th  su b stan ces  knovm to  be capab le  o f ren d e rin g  f r e e  f a t t y  a c id s  

non-to3cic).

In  vi.ew o f th e  n u tr itib n a d . req ia rem cn t o f  C. bo v i s ,  which was 

s a t i s f i e d  by  serum, ogg-yolïc, b u t t e r - f a t  o r  Tween 80, i t  seems 

li lc e ly  t h a t  th e  many r e p o r ts  o f  G .bovis b e in g  b io c h e m o a lly  1-nactive 

wore due to  th e  use o f  b a s a l  media in cap ab le  o f  su p p o rtin g  th e  grov/th 

of th e  organism . ?/hon s u i ta b le  b a s a l  media wore u sed , C .bov is  was 

found to  be  capab le  o f  p ro d u d ig  a c id  from a  wide ran g e  o f oarb o iiy d ra tes, 

o f  ly d ro ly s in g  u rea  and o f iiyd ro lysing  Tween 80 (and Tween 2 0 ). The 

170ak h y d ro ly s is  o f  tàE*ibuty£*in observed by B lack (1941 ) can be enhanced 

by th e  use o f  very  heavy in o c u la , and -teoubation f o r  3 days a t  37^0 

fo llo w ed  by  5 days a t  20^0. Evidence o f l i p o ly a i s  by  C .bovis was 

o b ta in ed  on V ic to r ia  b lu e  ma%*gorine a g a r, V ic to r ia  b lu e  b u t t e r - f a t  

a g a r, and b u t t e r - f a t  ag a r f lo o d ed  w ith  s a tu ra te d  copper su lp h a te  

s o lu t io n  a f t e r  in c u b a tio n , b u t s t r a in s  v a r ie d  in  t h e i r  a b i l i t y  to  

produce a n o tic e a b le  re a c tio n *  In  th e  case  o f  b u t t e r - f a t  ag ar an. 

p a r t i c u l a r ,  in c re a s in g  a b i l i t y  to  produce a  co lo u r  r e a c t io n  when t r e a te d  

w ith  copper su lp h a te  appears to  be c o rre la te d , w ith  a  d ec rease  i n  

yellow  p ig m en ta tio n  -  th e  deep ly  yellow -pigm ented s t r a i n s  p roducing  no 

co lo u r r e a c t io n  vm.th copper su lp h a te , and w hite-p igm ented  s t r a i n s  

p roducing  th e  d ee p e s t co lo u r  r e a c t io n  w ith  copper s u lp h a te . I t  i s
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I n to ro a t in g  to  n o te  th a t  t h i s  % trla tio n  in  p igm en ta tion  on ly  ooourred 

on h u tte 3 > fa t  agar* On a l l  o th e r  media, th e  grov/ths o f  a l l  th e  i s o l a t e s  

o f  wore s im ila r ly  pigm ented a lthough  th e  n a tu re  o f  th e  medium

was a b le  to  a f f e o t  th e  co lo u r o f  th e  growth -  on serum ag ar th e  co lo n ie s  

o f O .hovis were in v a r ia b ly  greyish-wW .te  and although  opaque gave th e  

impx^eesion o f tran s lu cen o y , w hereas on egg-yolk  ag ar th e  co lo n ie s  were 

in v a r ia b ly  o rèam-oolourod  and appeared  more opaque. The d ark  broim  

disooXoxmtion o f serum agar d o ted  by Evans (1916) and Bendixen (1933) 

seemed to  be inoonstaaxtXy’px^oduoed*

I t  i s  proposed  th a t  th e  d e s c r ip t io n s  of C.bovis* f o r  example such 

as  th a t  g iven  in  B erg ey 's  Mpp.i%al (Breed ^  1937), be amended to

g ive  re c o g n itio n  to  th e  fo llo w in g  p o s i t iv e  b iochem ical c h a r a c te r i s t i c s ;  

a c id  i s  produced from f ru c to s e ,  g lucose and g ly c e ro l axid a ls o  from  

a rab in o ae , x y lo se , rhamnoae, m m m itol and s o r b i to l )  virea i s  l^ydx^olysed) 

IHyeen 80 i s  h y d ro ly sed ; l i p o ly s i s  may occur on b u t t e r - f a t  ag a r o r 

V ic to r ia  b lu e  b u t t e r - f a t  agax*; growth i s  ab sen t ox' sp a rse  on n u t r ie n t  

ag a r o r  t ry p to s e  lemoo a g a r , b u t good growth i s  o b ta in ed  on serum a g a r, 

ogg-yolîc a g a r , b u t t e r - f a t  ag a r and Tween 80 agar*

By th e  u se  o f  o h e ia ica lly -d o fin ed  media th e  c u l tu r a l  requ irem en t 

o f O .boyis f o r  serum, b u t t o r - f a t ,  egg-yolk  ox̂  Tween 80 was shown to  bo 

duo to  a n u t r i t i o n a l  requ irem en t f o r  o le ic  a c id  w hich, in  th e  d e f in e d  

medium and in c u b a tio n  c o n d itio n s  employed, was re q u ii 'e d  a t  a  c o n c e n tra tio n  

o f  10 mg p e r  l i t r e  o f  medium, grov/th o n ly  o ccu rrin g  I f  th e  o le ic  a c id  

vmrc ren d ered  n o n -to x ic  by th e  in c lu s io n  in  th e  medium o f  a  compound 

such as album in o r ^üween 4 0 . Tv/een 80 in c lu d ed  i n  th e  f u l l y  d e fin e d  

medium a t  a  c o n c e n tra tio n  o f 0 .0 5 #  (v /v )  s a t i s f i e d  th e  f a t t y  a c id
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r 0qu:lpement o f th e  organism  v/ithout th e  Inh ib ltox 'y  e f f e c t  o b ta in ed  

v/hen f r e e  o le ic  a c id  was used* S y n th e tic  -d ipalm itoyX  

XJhosphatidyloholiîiô a t  a  c o n c e n tra tio n  o f 80 mg p e r  l i t r e  o f  f u l l y  

d e fin ed  medium supported  moderate growth o f £»bpyi3 b u t only  when 

s o lu b i l is e d  by th e  a d d it io n  to  th e  medium o f 0 . 005#  iVeon 80 (a 

c o n c e n tra tio n  o f  Tween 80 which would support on ly  s l i g h t  growth in  

th e  absence o f  th e  l e c i t h i n ) .  Of th e  two s t r a in s  6f C .bpyis vîhose 

v itam in  requ irem en ts v/ore s tu d ie d , one had an a b so lu te  requ irem ent fo r  
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