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GHAPmt X

U lB Tm C A L

The gemtm W je r e b m tm r im  was f i r s t  p roposed  by  O rla -J e n se n  i s  1913* 

His c u l tu r e s  tmrm  o b ta in e d  from such d iv e r s e  m a te r i a l s  a s  p a s te u r i s e d  

m ilk , c h e e se , b u t t e r ,  r o t t e n  b e e t s  and c a l f  feces* fh e  s p e c ie s  of iSais 

genus were described as  gram p o s i t i v e ,  a t t M o t i l e ,  monmsporeformijig. r e d s  

c o n s id e ra b ly  W a l le r  th a n  th e  t r u e  l a c t i c  a c id  b a c t e r i a .  P h y s io lo g i­

c a l l y  th e s e  o rgan ism s w ere  c h a r a c te r i s e d  by  t h e i r  a b i l i t y  to  grow upon 

th e  su rfaee  of a g a r  s la n ts ,  p r o d u c t io n -of ea tc la s*  and th e i r  pronounced 

th e rm a l r e s is ta n c e *  The genus embodied four s p e c ie s ,  v is* , If* la e t le tg a , 

Mm fl& w m , H* I iq u e f  a n ie n s  and II* m esentcricum *

E* laotlcna was described  as a  small rod 0*5 by 1*0 p* A t  tim es i t  

appeared "coccus-lik© *" This organism was ab le  to  survive heating  to  

SO C fo r  15 m is* E* flavms formed "elvesey rode** 0*$ by 1*0 to  2*0 p  

although i t  could a t ta in  a length of 10*0 p* I t  was n ea rly  as hea t 

r e s i s ta n t  as 1* jaction®  bu t I t s  most d is t in c t iv e  c h a ra c te r is t ic  was tho 

production of a yellow pigment whom cu ltivated : on a so lid  media®# When 

s ta in ed  w ith  methylene b lue i t  presented a granulated  appearance* H* 

liq tiefao iena woe m orphologically  s im ila r  to  M* la c tic m *  I t  d if fe re d , 

however, l a  being ab le  to liq u e fy  g e la tin *  M* neecntcrlcun was charac­

te r iz e d  by the form ation of « m esen te ry -like  growth on so lid  media* i t  

was k i l le d  by b ea tin g  to  TO C momentarily*

O rla-Jensen (1919) considered th ese  organisms c lo se ly  a l l ie d  from a 

p h y sio lo g ica l s tandpo in t to  th e  fe traco eo l* * The organisms of th is  genus

<i
Tetracoccus“ according; to  O rla-Jensen r e fe r s  to  acid-producing 

forms of1 Eicrbcoecus and £srcina*  Much o f the  acid they  produce i s  
a c e t ic  a e l^ T ^ ^ a im y  l iq u e l^ g e la t ln *  They g en era lly  produce yellow , 
o ra n g e ,' or pink pigments*



presen ted  a  p h y sio lo g ica l g rad ien t w ith  the saeeh aro ly tle  aeid-form er 

fe# lacticum ) a t  on# extreme and the p ro te o ly tic  g e la t in  liq u e fy e r (M*

lloucfaelem a) a t  the  other extreme#

lb© taxonomic p o s itio n  of th i s  g©mi# anas considered b r ie f ly  by 

Or la -Jen sen  (1921)# s# stated*

M lerefraoterlm  i s  to  bo understood as m erely a p ro v is io n a l 
c o l le c t iv e  'bS o ' fo r  grass p o s itiv e  rods o f s is #  a l i t t l e  sm aller 
th an  o rd inary  b a c te r ia*  In b io lo g ic a l re sp e c ts  some o f these  
rod# ( .^ o i l ln s  acidophilus) a rc  c lo se ly  re la te d  to  th e  tru e  
lac  t i c '  "acid b a c ie r ia ,Jini^ ,e reas  o th er#  approach the  fe tra c o c c i or 
th e  aerob ic  b a c i l l i#

1© f a t h e r  d e ta ile d  Invest!gatloos were made on t h i s  genus fo r  14 

years#

Robertson ( l i t ? )  encountered M# la c i lc m  in  b is  study of therm edurie 

organic®® i s o l a t e  frm. heated milk* S© reported  that t h i s  b a c te r i vm 

could surv ive in  m ilk  held  a t  @2*8 C fo r  4 to  S days# I t  was found on 

a l l  p la te s  o f m ilk samples held a t  p a s te u ris in g  tem peratures and p la ted  

hourly  over a ? hour' holding period#

Robertson* s d a ta  agreed w ell w ith  those given-by Or la** Jensen (1918) 

fo r  M* la c t ie w #  A curious fe a tu re  of Robertson* s work was th e  sugges­

t io n  th a t  M# lacticum  and L actobacillu s  therm ophilus were id e n tic a l#  The

d e sc r ip tio n  o f L# thormophilaft by Ayers and Johnson (1924) leave# l i t t l e  

doubt th a t  these organism# are  d i s t in c t ly  d iffe re n t#  L# th o m cp h ilu s  i s  

a  therm ophile w ith  an optimum tem perature of 85-65 C# la  ad d itio n , i t  

i s  e a ta la se -a e g a tiv e , destroyed e a s i ly  by heating  to  80 C and morphologi­

c a l ly  d is t in c t*  I t  measure# 0 .5  to  1*0 by 2*1 t© 6*0 jti and hence i s  a 

much la rg e r  organism than  M* le e tie m *

A valuab le  c o n tr ib u tio n  to  p re se n t knowledge of th e  genus was made 

by W itte rs  (1838)* Her work confirmed and extended th a t  o f Orla*Jensen 

(1919) • A major portion, of her in v e s tig a tio n  d e a l t  w ith  the  taxonomic



s*

p o s it io n  o f K# m eaenteriem * A fter a  d e ta ile d  m orphological and

p h y sio lo g ica l study she a llo c a te d  th i s  organism to  th e  genus lycobao- 

t e r im # 2 She concluded th a t  m orphologically  M* mesentericum resembled 

a mycobacterium on the b a s is  of the appearance of liq u id  cu ltu res*  

consis tency  o f co lon ies on so lid  media* th e  form ation of co ccu s-lik e  

elements* and the  th re a d -lik e  s tru c tu re  of the c e lls*  P h y sio lo g ica lly  

th e  a b i l i t y  of y+. aeaenfcerlegm to  use p a ra f f in  as a carbon source* and 

i t s  s e n s i t iv i ty  to  methylene b lue supported th i s  p o in t of view*

Jensen (1088) made a morphological study o f the genus# His obser­

vations led him to the conclusion that M# m esentericm  was a proactino-

myeee and homo# should be jftroaetlnQnyeea meafntcricua* lie described

the organism as a non-aeid-fast rod capable of developing m  extensive  

myeelia composed of branching hypha© of somewhat variable thickness* 

th is  species was considered c lo se ly  related  to  Mycobacterium coflli&oium 

and %eobacteriun equi* Further reccmimendations by Jensen were that 

1* laotioua and M* llq u efa lien s  be designated as Cory&ebacteriusi la c t i -  

ewa and Corynebaeteriua llquefaelens# C* 1action® was considered to  be
i mm ■■ ■■*»**nmmmmm+mmm

s im ila r  to  £* pseudodiphtheriem  except fo r  the lower optimum tamper** 

tw o  and acid  predw etleii o f the  former* £* llq u e fa e ien s  was considered 

to  be c lo se ly  r e la te d  to  £• flail* Jensen concluded!

The ■-genus Mierob&eterluai eeanet- p o ss ib ly 's ta n d  as defined  
by Or la-Jensen* " since I t s  fo u r , sp e c ie s , one i s  a t ru e  Fro* 
actinofayoos* on© -  flavue  — an organism on th e  b o rd e rlin e  
between l^feebacter Coryaebaetertua* and l a c t i  cm  and
l iq u e f y  len s  <1 o u b ilij 'a  oorynebScleH aT^T s poisrEeFouCT * * * 
tKcljTTacuTty of producing la c t ic  ac id  does not make them a 
se p a ra te ' genus*

®Thi& organism i s  c la s s i f ie d  as io c a rd i a. m esenteric a -, in  th e  8 th  
e d it io n  of Bar gey* s Manual (1948)#



D ill  (1935) iso la te d  organism# fro© fe e  in te s t in a l  t r a c t  o f mam 

and Id e n tif ie d  severa l of them as M* la c tie m *

Jeasem ( I f 34) suggested th a t  M* fl& m m  was a c tu a lly  a mycobae- 

t e r i r a  and th e re fo re  should be designated as ly eo b ac te rtu a  flawiau

0rla~Jemsen* Otb© and Snog-Kjeer ( I fS i)  repo rted  fe a t  M* lac tic im  

did  mot re q u ire  " la e to flsv in *  or *milk-bl©B* fo r  growth*

Itasem  (1933) found th a t  hydrocyanic acid o r monoiodoaeetate in ­

h ib ite d  th e  r e s p ir a t io n  o f  M* I&ctietjg and suggested th a t  fee m icro- 

baeteria d iffe re d  t r m  the  t ru e  laetle a d d  b a c te r ia  l a  eatslase and 

hernia content*

In  1940 Or 1&-Jensen and. Foulenborg repo rted  M# laetieum  had an 

©ptimtsa of p i  7*5 in  m ilk  aad.pl! 7*0 l a  broth*

Speak (1043) found th a t  TO to  i f  per cen t of Hie a d d  formed by 

S* lac tlc ira  was la c tic *  Be a lso  p resen ted  d a ta  which ind ica ted  th a t  

t h i s  species produced m a l l  amounts (0*01 p er cen t per 20 ml medlm) 

o f carbon d iox ide from glasses* This worker took issu e  w ith  Hie 

taxonomic suggestlsci* of Jensen (19fi* 1934)* I#  f e l t  th a t  to  p lace  

th e  m ic ro b ac te ria  in to  fee genera Mycobacterlam .or Dorymob&etertm, on 

a  m orphological b a s is  would be a se rio u s  e rro r*  He concluded th a t  fe e  

m lcro b ac te ria  were c lo se ly  re la te d  to  both fee p ro p io n ib ae te ria  and 

fee  la c to b a e il l i*  The m ic ro b ae tsria  were sa id  to  be p h y s io lo g ica lly  

r e la te d  to  fee  p rop iom ibaeterla  except fo r  th e ir 'm o re  aerobic mature 

and la c t ic  ac id  production* and to  th e  la c to fo a c illi  except fo r  th e i r  

o a ta la se  production  and aerobic growth# Speck f e l t  th a t  any system 

of c la s s i f ic a t io n  should in d ic a te  a c lo se  re la t io n s h ip  between fe e  

genera M icrobaeteriua* Propi o a ib a a te r i  aa» and Laetobaei Hue* ̂

*
This suggestion  has been followed in  the  6th e d it io n  of Bergey* s 

Manual (1048)*



$«

O la - J o s  sen (194 3) 9 in m attem pt to  ahow tho taxonomic r e la t io n ­

ship* ©f tho m ler© bacteria to  o th er -gronpt* wa* |fosspted to  dtag^rt® 

t h e i r  very  el©*© re la tio n s h ip  t© the  cery n eb ac te ria  and eetlaaoyeee*

Ho v i l f  h ©rarer # w ell asmr© of th® im plleation*  involved whoa ho eon-

elndedt

Dor T o lls t ta d ig k e ii  helb«r hab© ich  -  aeh r odor wenigor 
boreehtlgaw al go -  in  imaerem % *tan  auch d ie  M ikrobaktorI ern 
and d ie  Proplom lbaktorioa angobraeht* ■ Ob «• f l ^ M g  l s ^ '  T̂  
C o r y y b a ^ y lo a " i B  la f tlsW jeo ta ii Torn do® Mlfcrobaktorloa and 
w a S T W r l l m  © n ta p rlS ie s« a '1 le sse n , mat# "II#' ~ S 5 m S r,n
u r i S J * — “

*Por eiwpletoj&oss take I  have more or lo t#  q u a lif ie d  'fee 
Klerqbaeteritft tad' FroploailhiMitariim in  ©or system* m other or not
i t  I  a  e e r r e e t"to  dtajjira and Aetlaottyee* extending
from tho a&erobaetorla and''aa#' "iha futurewllTliooidO f *



CTIAPTBR IX

METHODS Of CXsVTfim XSOUIXOl

Oris—Jens ml ( I f 18) iso la te d  n lc ro b a e te r la  from raw and p asteu rized  

®iXk, cheese, cow feces and ro tte n  b e e ts .  Robertson*s (192?) c u ltu re s  

o f **# lactiotga were iso la te d  fir am pasteu rized  sal lk* Orlft-Jenssn (IS Si)

s ta te d  that*

* • • » b a c te r ia  found in  incom pletely s te r i l iz e d  
evaporated m ilk seem to  be not so o fte n  hay end po tato  
b a c i l l i  m  a weakly pep ton iz ing , non-acid form ing, bob** 
sparing rod bacterium , 'M s  organism i s  presumably re ­
la ted  to  the  .group o f m lerobaeterle  which are ab le  t e  
stand oosaparatiirely high tem peratures#

SH&l (1939) iso la te d  .£# laeticum  f rom the  in te s t in e s  of adults#  The 

m a jo rity  of W ittera* s (193S) c u ltu re s  were a lso  obtained frees h e a t-  

tre a te d  milk* Spook (134$) found m icrobacteria  in  raw and p asteu rized  

m ilk , m ilk stone and cheese* from these in v e s tig a tio n s  i t  would sees*, 

probable th a t  the m ierobaeterie  are most often  to  fee found in  m ilk as 

contam inants fro® s i lk in g  and p as te u riz in g  equipment# Since they are  

probably p ro sen t in  the in te s t in a l  t r a c t  of cows, they are o ccasionally  

in troduced in to  m ilk from cow feces*

The h ea t resistan ce o f  the m icrobacteria  i s  g en era lly  used as a 

b a s is  fo r  th e i r  iso la tio n *  Orl a - Jensen (1919) s ta te d  t h a t  co lon ics of 

M* l a c t l earn could be obtained in  pure c u ltu re  by p la tin g  mit high 

tem perature p as teu rised  milk# Robertson (192?) found k* la c t lc m  

re g u la r ly  in  m ilk held fo r  extended periods a t  p a s te u ris in g  tempera­

ture** In 1933, b i t t e r n  described  in  d e t a i l  the methods used in  iso ­

la t in g  rd ero b ac ta rla#  She heated samples of m ilk a t  80 C fo r  5 sin#  

and streaked  decimal d ilu tio n s  on China b lu e -la c to se  agar* Colonies 

o f  ?J# lactieuR  grew on th is  medium a f te r  3 to  4 days a t  30 C*



Since M# flavum was unable to  r e s i s t  SO C fo r  5 Kin*, is o la t io n s  were 

mad* on m ilk mmplm  heated a t  60 C fo r  6 sin *  or 75 & fo r  X mla* fhe 

China him® in  the  medium served as  an in d ic a to r  o f th e  small amount o f 

ac id  predweed by th e  m icrobacberia* Colonies o u tlin ed  by yellow  (a®id ) 

mm@ im m  m m .imed m icroscopic* 1 Xy* Small, th in ,  gram p o s itiv e  rods 

were corneluded to  he member* o f  th e  genu* M jerobaoteri m. * fh@m 

method* were not always su ccessfu l and b i t t e r n  suggested a l te rn a t iv e  

enrichm ent j»r#cedwrss* the*® were as fellows* fo r  i s o la t in g  £♦ JUastiy 

evm a m ilk  sample was heated a t  $0 € fo r  6 mixt* and placed in to  as 

equal amount of pept&a*~Xevui0se b ro th  pirns ealaiw * carbonate* Levmlose 

i s  e a s i ly  a t  tanked by members of the genu* jgjsecbseterlsm  and heme# i s  

th e  p re fe rre d  carbon source* The m ixture Of h ^ t e d  m ilk  sample and 

b ro th  was allowed to- stand $ to  B day* a t  room tem perature* 'The r e s u l t ­

ing  sediment was streaked  on p la te s  o f China b lu e - la c to se  agar and ia»  

ouhated a t  SO C* f o r  is o la t in g  K* flavtga a m ilk staple was heated a t  

65 0 fo r  § aim* and placed in to  an equal m&mit o f  peptOBS*»levulese 

b ro th  eont&ining e& leim  carbonate and 5 per sen t so d ia i ch loride*  ju  

flerrm  Is capable o f growing in  s a l t  co n cen tra tions u p . to  10 per cen t 

hence 5 per cen t s a l t  would ex e rt an in h ib ito ry  o f fs e t  m  o ther types 

o f  organisms which survived the  Heat treatm ent* the m ixture was 

allowed to  stand a t  room tem perature fo r  5 to  8 days and th e  r e s u lt in g  

sedimemt streaked  m  China ble©~l&etos© agar* Topical co lonies o f 1* 

fl&v*m developed a f te r  5 days* incubation  at 30 C*

Speek (1945) obtained ^icrobacteria from m ilk, m ilk stone and 

chess#* M lk  samples were heated a t 61*1 C fo r  50 rain* or 71 C fo r  16 

see* and decim al d ilu tio n *  plated on tryptono-gluoose-meat-extraeh* 

w lkbm X X k  agar* The plates, were incubated a t  30 C* £ti©#»© stap les  

(1*0 g) were suspended in  5*0 ml ‘o f s t e r i l e  water con ta in ing  0*1 g



sodium c i t ra te *  A fte r esnplete t r i t u r a t i o n ,  0*0 a l  of w ater were added 

and the m ixture was heated a t  01*1 C f  or 2 aim# Iso la tio n s  war® then  

©ad® as fo r  m ilk samples*

The U niversity  of Maryland c u ltu re s  were iso la te d  in  th e  f o i l  owing; 

maimer $ Samples of raw and p a s te u ri a@d m ilk were obtained from th e  

U niversity  dairy* Five ml p o rtio n s  were p ip e tted  in to  s t e r i l e  t e s t  

tubes and heated a t SI C fo r  SO ©in* o r 73 C fo r  IS see* the  samples 

were cooled Immediately i s  an ic e  bath  and decimal d i lu t io n s 'made* lha 

d i lu t io n s  were p la ted  os th re e  d i f f e r e n t  media* Medium #1 was o f the 

follow ing compositions

Proteose-peptone* * * * * * ••••* « ••••• •• •• ••  0*6 g
Beef-extraet*#********.*****#**,*#*#**• 0*8 g 
(llueeae** •«*••* •* ••* •• •• •* • ••*  » ••••« .» •  0*1 g
F o ta ss lm  phosphate (d ib a s ic )•• •* •* * •••  0*4 g 
Potassium phosphate (aonebasio)******** 0*1 g 
Agar * * * ****** .****** «*.* #***.*.*. * * * * * * * 1*6 g 
Hater to . •*«*«•**••******.* * * * ***...**  100*0 ml

' pH 7*0

Hediua §2 was dehydrated trypton©*gluco3e-m@at*'®xtracVaklmmllk agar#

Hs&lsft # t  had th e  follow ing composition*

Peptone*.*«•*«*••*•»•*#•*••***•*•*#«••• 0 .S g 
Beef e x tra c t* . . . . . . . . . . . . . . . . . . . . . . . . . .  0*3 g
levulose*******************.*•****•♦**# 0*1 g 
potassium phosphate- (d ib a s ic ) • • • . • . . . . •  0*4 g 
Potassium phosphate (monobasic)*.****** 0*1 g 
Water t o . . . , . . . . . 100*0 ml

pH 7*0

A fte r 3 days1 incubation  a t  3© € co lon ies  1*0 mm o r  le s s  i s  dia«* 

meter were examined m icroscopically* I f  sm all, sh o rt, gram, p o s itiv e  

rods were p re se n t, th e  colony m s  transferred to  litm us m ilk and incu­

bated a t  30 C fo r  3 days* At th i s  t in e  one drop o f th e  litm us m ilk 

c u ltu re  was placed on an agar s la n t  of aediua #1 , #&, or #3 , and again  

incubated a t  SO C* When good growth ‘appeared on the s la n t  and m icro-



scople exam ination showed th a t  the  c u ltu re  was pure, i t  was placed in  

th e  r e f r ig e ra to r  fo r  fu tu re  study# Forty  c u ltu re s  were is o la te d  in  the 

above manner* f i r e  re p re m n t a 11mes o f t h i s  c o lle c tio n  were included in  

the more complete s tu d ie s  described  in  l a t e r  sections# Other c u ltu re s  

used In  th i s  study were obtained from th e  sources in d ica ted  l a  ta b le  1#

x m s  i

Source and d esig n a tio n  of c u ltu re s

C ulture MsiiPfttljOtiL ' Code lumber Source of C ultures

E* lastieiM 3 Prof* S* O rla-densen,
M# l a c t i c m. 6 Biocham ical-fechnical
M* flavins a I n s t i t u t e ,
M* flavu® 9 Copenhagen, Denmark

M* la e t ie m 8180 .American Type Culture
M* la c t ie m 8181 C o llec tio n , 

Georgetown U niversity* 
W ashington, D* C*

E* lactleu® SIS Dr* Johanna W esierdi jk*
M* la c t ic m |P% £EML© . Centra&lbureau voor
M* fl&waa 831 S oh teaelcu lteres*
M* f la v m i 34 Bearn* B etherlands

M* laotieos . . . .8*2 , Dr# M# L* Speck,
K* lao ticu n .80*8 . , . W atlocal Dairy Sosearch
M* flavum 34,;2-*»Sl L ab o ra to ries, Inc** 

Baltimore* Maryland

If* lacticx®  . SWb*S O rig ina l i s o la t io n s .
M* laetieu® ■■ i m U n iv ersity  o f Maryland*
M* lactleusi SR3£ College Park, Maryland
M* sp ec ies W
11* species » t » ~ i

Bacillus acidophilus^ 788 Mr# M* logosa*
B acillu s  ac idophilus 780 . Bureau o f Dairy Industry , 

Department of A griculture* 
Washington* D* C*

^Q rla-Jensen (1919) believed  th a t  th i s  spec ies  was r e la te d  to  
K* lastleu® *



m tm tk h  cH iR A cm isfic s  m  *m  m ic ro m c to ih ii

O rla-Jsissen (1019) did s o t  c h a rac te r!  z@ the  c o lo n ia l raorpko logy of1 

tho  &9n m ■Hi e ro b ao te r1 vm in  h is  o r ig in a l  d e sc rip tio n  of theso organisms# 

Hoborfcson ( l i t ? )  described tho  agar co lon ies of M* laettcum  as M all., 

grey or Shi to ,  opaque, ra ised  c e n te rs  (when no t crowded),  round, g l i s te n -  

in g , slow in  developing." W itte rs  (1953) described  th e  co lon ies  of M* 

la c t ic  in  on m ea t-ex tree t peptone agar as "punctifom * g la ssy , t ra n s lu c e n t,  

n o n -flu o reseen i, round, convex, smooth, f in e ly  amorphous, 1*0 to  1*5 mm 

in  d im e te r* "  Colonies o f Iff# f  laves on dex trose  agar were described  as 

*1*0 tas in  d iam eter, c i t ro n  yellow , round, even and f in e ly  amorphous*"

M il  (1933) described  M* l a s t 1cum co lon ies as w h ite , yellow  or g reen ish - 

w hite in  co lo r and ranging, from 2«0 to  10*0 s»  i s  diameter* Jensen 

(1934) s ta te d  t h a t - co lo n ies  o f M* fl&ven were "* * # « narrow, convex, 

smooth, g l is te n in g , opaque, l ig h t  yellow*" Speck (1943) s ta te d  th a t  

co lo n ies  of m lereb ee te rle  found os tryptene-glucose-m eab-sxtraet-skliR m llk  

agar were*

• * * * very  small and smooth, th e  surface  co lo n ies  round, 
th e  sub-surface m m  lens-shaped* A fte r 7 days* incubation  a t  
50 C the  co lon ies  averaged about 0 .?  mm in  diam eter * * * * *  
Frequently  th e  co lo n ies  would be hard ly  so re  than  v is ib le  a f te r  
3 days a t  30 C on th i s  medium*

Observations on th e  c o lo n ia l morphology o f the m le ro b a e te ria  used 

In  th is  study were made on s tre a k  p la t#  c u l tu r e s ' grows on tryptone-m eat- 

exbraet-g lucose-sk insil Ik  agar and incubated 3 days a t  30 C*

The su rface  co lo n ies  of M* laeticus* were 0*20 to  0*50 mm in  diameter# 

they were p eastlfe rm , g lis te n in g , smooth, convex, p ea rl w hite or grey , 

t ra n s lu c e n t,  and f in e ly  amorphous* They may be described  as "dew-drop"



11*

colonies* C ultures QjS, odd, 38, 30-3* SIS, SIS, 8180, 7SQ, IM S, SRM2, 

738 and SFgb-9 were o f t h i s  type* C ultures 342-SI and 3KMS wore a lso  of 

th i s  type bu t wore cream o f  s l ig h t ly  yellow  in  color* C ulture 3EMb-l 

was s l ig h t ly  d if f e r e n t  In  th a t  th e  0 0 1 0 %  edge curled  upward and the 

©enter appeared s l ig h t ly  depressed . P ic tu re s  o f ty p ic a l co lon ies  are 

shown in  fig u re#  1 and 1 a*

The surface co lon ies oft P* f  i&vim sever aged 2*0 ibi* in  di easier*  ;

They were g l is te n in g , smooth# cohtsx , and ©ream or canary yellow* They 

were a lso  g en era lly  round and possessed an even edge* C ultu res SSI, 534, 

OdS, and 0J9 were of th i s  type* The pigment v aried  t r m  the co lo r of 

r ic h  cream (<m) to  a very  b r ig h t canary yellow (534)* ®l#**

are shown in  f ig u re  2*

The c h ie f  d iffe re n c e  between th e  co lon ies ©f £* laetlcuas and M* 

f la v m  appeared to  be one of color* G enerally the colony diam eter of 

M* lae tlcu tt averaged 0*5 mm, whereas th a t  o f M* flav o r averaged 2*0 mm* 

This was n o t, however, a very  d is tin g u ish in g  ch a ra c te r i© tic •

Whan the#® organism# were grown under anaerobic coridition®, (see 

Chapter V fo r  method used), they  appeared much the same as under aerob ic  

conditions* The co lon ies took longer to  develop (5 to  7 days a t  30 C) 

and wore g en era lly  sm alle r. Pigm entation was minimal*

Sub-surface co lon ies of m icrobe® terla were u su a lly  lens-shaped*and 

sm aller than the  su rface  colonies* Several of th e  c u ltu re s  iso la te d  a t  

t h i s  la b o ra to ry  a lso  formed round sub-surface colonies* * Lumpy* and 

*41 ffuse*  sub-surface forms were a lso  seen* A given c u ltu re  would 

g en era lly  form a l l  o f the  above mentioned sub-surface  types* In a d d itio n , 

th e  organisms p resen t in  one colony form were m orphologically  id e n tic a l  

to  those of another colony form* The lo ca tio n  of the colony w ith in  the
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f ig *  1 a Surface colon!®® of Mlorcfcaotoriiai laetfoum (X fjJ)
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Fig* 2 Surface co lon ies of y ic ro b ac te rlu a  flarum (X $k)



agar had an e f f e c t  <m the oolory morphology* lh© sub-sarfao© co lon ies 

between the glass-agar in te rfa c e  were g en era lly  "diffuse*” those w ith in  

the. agar were round, " lu ap y ,” Q? leais-shaped* Xhes# colony forms a re  

shown in  f ig u re  S.

Y eaoi-eaetract-prQ teose-poptone-glucose bro th  c u ltu re s  of the organ­

isms g en era lly  showed varying degrees of tu rb id i ty  from f a in t  to  heavy* 

Most of the s u it  w ee  formed a s tr in g y , v is c id ,  sediment a f te r  4 days a t  

20 C. {See ta b le  IX).

Agar s la n t  c u ltu re s  -of the above medium showed good su rface  growth 

a f te r  2 days a t  $0 C* In the  case o f ?** la c tie tg i,  the growth was 

greenish-w hite, whit© or grey* &eny cu ltu re s  shewed a tra n s lu c e n t film  

of growth ever the  su rface  of th e  s lan t*  M. flavua gave quit© heavy 

growth which wa.| u su a lly  cream, or canary yellow*
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Fig# 3 Sufc~8urffc©« ooloay forms of m iorobaetorl*  (X SO)



mBLB II

Description of broth cultures of m icro b ae te rla  grown 3 days a t  30 C«̂

Culture ko* Description

0J3 s lig h t  tu rb id ity , viscous sediment

OJS s lig h t  tu rb id ity , viscous sediment

516 ew n tu rb id ity , viscous sediment

6180 s lig h t  tu rb id ity , viscous sediment

8161 s lig h t  tu rb id ity , viscous sediment

30-5 p e l l i c l e ,  even turbidity* no sediment

S2 even tu rb id ity , viscous sediment’

ll¥ 3 even tu rb id ity , viscous sediment

asm even tu rb id ity , viscous sediment

0J8 s lig h t  tu rb id ity , very heavy viscous sediment

OJS p e l l i c le ,  s lig h t  tu rb id ity , very heavy sediment

551 even tu rb id ity , v iscous sediment

534 no tu rb id ity , s lig h t  powdery sediment

542-81 s lig h t  turbidity* viscous sediment

738 even tu rb id ity , powdery sediment

750 even turbidity* viscous sediment

S&6 s lig h t  tu rb id ity , viscous sediment

$ » - ! s lig h t  tu rb id ity , viscous sediment

3fHb~9 even tu rb id ity , viscous sediment

i
Q rm m  in  Yeast-extract-proteose-peptone-glucose broth*



m sm ouoatckh crm k c tm iB tw B  o f  the m m s  M ictometM iiw

Orla^JfcBsem (1919) described  the m ierobaeteria  as *O r a ^ p o s i t i r e , 

rod-shaped la c t ic  acid b a c te r ia  * ♦  ♦ * considerably sm aller than fee 

red fe rn s  h i th e r to  described  • « • • • ” M* lact l e m  was found to  oeeur 

m eetly  l a  fe e  for® ©f s in g le  rods 0*3 by 1*0 p* At tim es I t  was a lso  

found to  e x h ib it  a eoeeua*llfce appearance* Hhen s ta in ed  w ith  methylene 

b lue th e  © ells were h igh ly  .granulated and resembled extrem ely small 

s trep to co cci*  1* tl& rm  was tm aid to form rods 0*5 to  2*0 p» At times 

f e l s  speciea was found to  fern c e l l s  10*0 u long* They were d i s t in c t ly  

g ranulated  whoa s ta in ed  w ith  methylene bln©.

lobertsom  (1927) s ta te d  th a t  M* l a c t i c m. was a rod 0*3 t© 1*2 p*

I t  was gram p o s it iv e  and ©©cared; singly* l a  p a irs  o r  small .irregular 
©Imps o f  4 to  1$ In d iv id u a l c e lls*  I t  was non-m otile and ao»»8pore» 

forming*
W itters. (I®$3) described  1* lacticum  as

* * * • ©in k leines*  dttnnat Stibehen, ohne Spores, d ie  Grdsse
b e t r ig t  Q*S x 1*0 p# ' Ale auffallend and ty p isch  kmtns war d ie  
gerlmge Disks beselsbaam aueh war steta ©In aehwafthet Meht* 
breehtriagsser»Bgen vorhandem* Die tang# dec Bakterlsma v n r is r t
von 1-2 ii* l in e  typisch lag® war n ie h t m  erkenneo, ■ o f t  lagan 
s is  in  Half©hen aber h ie  in  Eeiten* *

*• * • • a th in ,  small rad* w ifeout sp o res , the  -largest measuring 
0*3 by 1*0 p« A s l ig h t  sw elling , h a rd ly  ty p ic a l ,  was observed in  some 
Instances* The leng th  o f  th e se  organisms- varied  from 1 to  2 ju  A 
ty p ic a l  arrangem ent was no t observed, they  o ften  occur in  ■ alonps bu t 
never in  chains*11



I t .

Sb© described  1* flm vm  a#

©in p lm p e s , Stibehcn von dor Gross® 0#S x 1-2 M* kann e f t  b is  
zu 10 p lang warden. Safer o f t  lagan di#  Sttbehen au T ie r an
m it dor Langssdtw  a^»«BsiiM d«rt  o f t  amis aush in  Hlufcfeeu 
tw ttM & i jedoefe nf© in  Kitten.®'

M i l  (1933) found most o f h i#  s tr a in s  to  b© small rod# measuring 

0.2 to  0 .S  by 1.0 to  6*0 ja«

. Jensen (1954) described  If* flaw m  as "• * • * rod-shaoed or+m nmwrnnmnmimtm-

bluntly , euaest©, 0 .6  to  0 .8  by 1.8 to  3 .3  jta, m ultip ly ing  by purely  

snapping growth.*' Jensen a lso  found th i s  species to  *• * * « e x h ib it a 

very ty p ic a l  angular arrangement in  s ta in ed  p re p a ra tio n s .B Old c u ltu re s  

were found to  con tain  s h o r te r  c e l l s  up to  1*0 to  1*2 p th ick*  Milk 

cu ltu re#  were d e f in i te ly  club-shaped* Jansen e©nelud«d th a t  K* flavu» 

was the *• . . .  le a s t  a c id - fa s t  of a l l  m ycobacteria*"

Speck (1943) found th a t  SSsm ro-lcnpert s ta in #  of m ier© bacteria 

grows in  m ilk * * * * *  may o fte n  fee m isleading as to  th e i r  a c tu a l mor­

phology* * Using th i s  method he s ta te d  th a t  th e  n lero toeeterl*  resembled 

m a l l  cocc i in  groups 'because of th e i r  i r re g u la r  s ta in ing*  Agar s la n t  

c u ltu re s  s ta in ed  evenly and were found to  e x h ib it c h a ra c te r i* t  1 c angular 

and p a llis a d e  arrangements* Speck*# c u ltu re s  measured 0*4 to  0*3 by 

0*8 to  1*0 pm

The morphology of th e  culture®  used in  t h i s  study agreed w ell w ith 

th e  d e sc rip tio n s  o f th e  proceeding In v estig a to rs*  Small, th in  c e ll#  

e x h ib itin g  angular and p a l l1sad© arrangem ents, © specially  in  prepara­

tio n #  t r m  so lid  m edia, were freq u en tly  seen* these © ells measured 0*6 

to  0*7 by 1*0 to  1*7 »* th is  type of c e l l  a lso  showed a s l ig h t  swelling, 

a t  one sad thus g iv ing  i t  a ©Xufe-sfeapcd appearance*

% * * * a p i  wap rod 0*8 by 2 p 9 may fee 1© p. long in  some instances*  
The rod# o fte n  l i e  in fo u rs  w ith th e i r  side#  p a r a l le l  to  one ano ther,
they  o fte n  occur in  e lwaps but never In  okains*



20.

KjcrobectcrlvBi o rgan ises which were q u ite  p im p  (coeca-b& ei.nary) 

were a lso  seen* they  resembled n i« ro e o e e l s u p e r f ic ia l ly  hu t were very 

s im ila r  to  photograph® in  Orla-*Jens®n, « (1919) monograph* these  c e l l s  

measured 0*7 to  1*4 ju in  d im e te r*  the most rod-shaped © ells measured 

1*0 to  1*4 pt+ As pointed ou t by W ittern  (1.98$), many o f  th e  © ells lay  

s ide  fey side*

A ll of th e  c u ltu re s  ■ used in  th is  in v e s tig a tio n  were found to  be 

gr m  p o s it iv e ,  nom-motile, and non-sporefcrmlag* they  showed g ranula­

t io n  when s ta in ed  w ith  I je ffle r* ®  methylene bin® and were n o n -ac id -fa s t 

when s ta in ed  w ith  Zlehl-Waelsea* •  earbo l fuchsln  and deco lorised  w ith  

acid  elcoho1* A d e sc rip tio n  o f th e  shape, arrangement© and t in c to r i a l  

©h&r&cteri s t ie s  of th e  culture® need in  th is  study 1® presen ted  in  

ta b le  III*

On the  b a s is  of c e l l  morphology th e  c u ltu re s  have been a r b i t r a r i l y  

d iv ided  in to  4 types j Type I t  Short, th in  rod®, which were regarded as 

th e  c la s s ic a l  t  yp®-mor pho 1©gy of r*  iaofrteua* O ccasionally club-shaped 

c e lls ,w e re  observed* P ic tu res  of th is  type a re  shown in  f ig u re  4* This 

type has been described  by Orle»Jensen (1919), Robertson (1927), W itte rs  

(192B), M i l  (IBU } 9 and Speck (IM S)* Culture® m M , IM S, S2, 30-3, 

SPHb-9, -8180 and 8181 a re  of th i s  type* Angular and nallisad©  arrange­

ments were freq u en tly  noted In  p rep ara tio n s  made from c u ltu re s  grown on 

so lid  media* They were quit© .sm all (0*6 to  0*7 by 1*4 to  2*1 n) and 

showed g ran u la tio n  when s ta in ed  w ith  LSeffler* s methylene blue* The 

g ran u la tio n  was more ev iden t "in  c u ltu re s  grown in  m ilk and s ta in ed  w ith 

th e  lesw an-lam pert, sta in*  C ulture 0J8 was very  s im ila r  to  th e  organisms 

i s  t h i s  group ex cep t, f a r  i ts -  tendency to  form d e f in i te  club-shaped rods* 

Type 2i C eeeo-baeillary  end wedge-shaped rod® as described  by Or la ­

den®©!i (1919) and Jensen (IBM.)* Hi® organ! m s  s u p e r f ic ia l ly  resembled
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table i n

Morphology and t in c to r i a l  reaction® of members of the &enua : -Ic rob a c t or! ay-

Culture ra® b ta in orphology I S tain •anul@s

OJ6

tJ * ©

516

I +

SJ0 

631 

s te ­

m s - n

738

750

SlihS

Ste'b-l

3PS&-9

4

4

4

4

4

8180 4 f h o r t ,  t h in  ro d s

0181 4 S h o rt, t h i n  ro d s

3 0 -S 4 S h o rt, t h i n  ro d s

S-2 4 S h o rt, t h i n  rods

I  mm ♦ S h o rt, t i d n  ro d s

mm 4 S h o rt, t h i n  ro d s

0J8 4 Rods, th ic k  and

h in ,  loa& % s h o r t  rod®,' 
ome c lu b -sh ap e d

B lu n t, c o e c o - b a c i l la r y ,
re-shaped

*4 to 2*1

filam entous 
th re a d - lik e

81u n t ,  e oceo -b m i l l « . r y ,  
e-shaped

G*4 to  14j|)

0!,,7 to  2 .1

>9 to  2 .8
o e c u s -  l i k e

barge ro d s  

rg« rods

Blunt, e o c e o -b f to i l la ry ,
lg,e-shaped

B lu n t, eoe c u ts - l lk e ,  
podge- shaped

Short, th in  rods

B lu n t,  c oce o-b  a© .111 a r y ,  
iredge-shaped

Blunt, eoG co-b& eill& ry ,
sedge-shaped

B lu n t, e o e c o -b a c il l& ry , $#7 to  0 .8
irodge-ahapod

Shorty th in  rods

1 .0  to  1<

4

4

4

4

4*

4*

4

4

4

4
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M icrococci* In most in s tan ce s  the major a id s  of the- c o l l  m s  only 

s l ig h t ly  longer than  th e  minor axis* fhey had diam eters r a c i n g  t r m  

0*7 to  1*4 /a* O ranulatloa was apparent in  p rep ara tio n s  made from m ilk 

cu ltu re s*  C ultures Sftl£b"»l, 516* 634, 750, 342-Sl, 5RM6 and 0J6 were o f 

th i s  type* P ic tu re s  are  shown in  f ig u re  5* Type Si Reds o f  o rd inary  

b a c te r ia l  dimensions* C ells of t h i s  type hare been d escrib ed  by Or la* 

Jensen (1919) and W itte rs  (1935)* M* f ls n g a was rep resen ta tiw e of th is  

m orphological type* The above mentioned in v e s tig a to rs  s ta te d  th a t  M* 

flsarm  could grow to  a length  o f  - 10 *s« ■ C ells  of It* f la tu s  which were 

t h i s  length  were not encountered* I t  was d i f f i c u l t  to  d is tin g u ish  

between th e  sm aller c e l l s  of th is  type and those o f type 2* C ultures 

0J8, 0J8, and 651 were re p re se n ta tiv e  of type 5* They were 0*7 to  0 ,9  

by 1*4 to  2,6 ja* P ic tu re s  of t h i s  type are  shown in  f ig u re  0#

Type 4* Long, th in  filam entous c e lls*  This type has been described  by 

W itte ra  (1953) as rep re sen ta tiv e  of 1* mmsmnteriem* C ulture 613 

(lab e led  M* lacticum ) was of t h i s  ty p e . I t  had an unusually  long, 

th re a d - l ik e  appearance and d if fe re d  markedly from a l l  o ther c u ltu re s  

used in  th i s  study* (F igure 7)

When the  m ie ro b ac te ris  wore grown under anaerobic c o n d itio n s , th e i r  

morphology was not s ig n if ic a n t ly  a lte red *  The rod-shaped appearance of 

seme o f  them was more d i f f i c u l t  to  d e te c t  and, i n  g en era l, a l l  were more 

coccus-like*

From what has been p rev io u sly  repo rted  and on the b a s is 'o f  the 

observations made in  th i s  s tudy , th e  genus ^ ia ro b astc rlss i may be d e sc r i­

bed as follows* gram p o s it iv e , g ran u la ted , non-m otile, non-sporeform ing, 

non—acid —f a s t  organisms occur ing; as th in  rods (0*5 to  0* 7 by 1*4 to  2*1 

c o cco -b ac illa ry  rods (0*7 to  1*4 ja d iam eter),  or rods of o rd inary  b a c te r ia l



Fig* 5 Negative preparations of type Z organisms* (X 970)





23*

Fig* 7 Hagatire preparation of type 4 ©rganlema# (X 970)



dimensions (0*7 to 0*9 by 1.4 to  2 .6  /a). They may or m y  not show 

clubbing and e x h ib it  c h a ra c te r is t ic  angular and pallis& de or sids~by~ 

ai&e arrangements when sta ined  from  p repara tions grown on so lid  media*



t m r m  ?

m m otm iC Ah nm cnom  or tri osws

fh© physiological reactions of th is g«nu« as rejwsrted. by  Qrla~ 

<fomm (191©), Robertson (1927), S itters (1983), Orla-Mleases (1943) 

and Spook (1948) «r# swsmarisea is  tab la 17* Orla-densen (191©) found 

that the aierobactarla were weak aeid-formere «a£ generally fad lad  to  

curdle milk# These organi sms generally produced d-laotie aeld from 

sugar*# Toast extract was found to be a poor nitrogen source, whereas 

easelm peptone was aatisfaetary# All of lisa organises iaelnted la  th is  

geiroe produced eatalase and moat of them war© ah la ta reduce nitrate to 

altrlta# M* lactlcum and M» flstwat war* reported to ha exceptionally 

thermedurle# l*  1actions was ah la to survive 80 C for 18 mla# and M# 

ftm rm  wm  able to survive 76 € for 16 mill#

Robertson (1927) found th a t  F# lactlcum

* • « • may or m y  s o t  formant th e  pentose* and tr is a c c h a r id e s  
( ra f f lso s© ) | u su a lly  formants th a  hexeses, d isae ch a rld es , 
g lu eo sid es , complex aat% ohydratas# and hoxosa and pantos* 
a lc o h o ls , and g en e ra lly  f a l l s  t o u t i l i s ©  th a  organic aoida and 
amino aeids* SAppurie - aa id  i s  ava ilab le#

l a  a lso  fcund th a t  litasus m ilk was mad* aa id  and th a t  a itra t©  was

g en e ra lly  no t reduced# The l a t t a r  f in d in g  was i s  d i r e c t  opposition  to

th e  r e s u l t s  o f  Or !* • Jensen (191©) #

W itte rn  (1961) a lso  found case in  peptone to  ho th*  b e s t  n itro g en

soar** f o r  th*  m ierobaeterlm  whoa potassium n i t r a t e ,  smmoniu®' c h lo rid e ,

w as#  asp arag in e , g ly eo eo ll, W itte ’ s peptone, Liebig*s moat © xtraet and

c ase in  peptone wore compared* She a lso  repo rted  th a t  the © ierob& eteria

d id  no t produce lipase#  hemolysin o r reductase  ami tbsfc they  were non*

pathogenic fo r  mice*



Physiological ch aracteristics ©f the genua M lcrobacterim as described 
. by some ,gr#ri#ei ‘ * ‘

gescrlption of

OrlaWeneen
( m t )

Robertson
( i m )

leak  acid former «i generally fa ile d  to curdle milk#
Gatalas# positive# Host species able to  rod tic* n itra te  
be nitrite*'"' :l *  lactic^a found to  ferment most carbohy­
drate* Inelu&Tng 'alfirelK M+ general iy n o t
phy *1 ologle a l ly  aa active as l ^  iactiom * lo th  species

1« I m t i e - m  %  * * * may or may mot ferment the pentose* 
«uai"^?i*53i,arii®» (ra ff imose) i usually fer&e&t* the 
hexosea* &i**«eharide»# g lycosid es, complex carbohydrates, 
and hexos* and pantos* a lcoh ols, and generally f a i ls  to  
u t ilis e  the organic acids and amino aeids# ffipjmrie aeld 
la  available** . Tiiaeua milk mas made aeld and n itra te  met 
generally reduced* iX eeptionally thermedurle#

W itters
( m s )

Found e sse n tia lly  the m m  ferm entative react ions for t* 
leetieuHi and 1* fiavum as did Orla*Jensen ( lilt )* '  the** 
IpSeleSTKf th is  ie S T ’eere • tsem»paihegeni© . for mice j did 
not produce hemolysin, reductase or

B* and 1* flavaat sere inhibited by petaeeiua
% w 3ST «3t m ^o7edoaeetete and therefore d iffe r  farm 

i n ■ hernia

Or la* Jensen 
(1943)

*5She m lerobaeteri* do not atteek the pentoses, ra ffin eee, 
nor iaulin* - jsssaiiiel is  the only higher alcohol occas­
ion a lly  fomented* M* la c tic  tan attacked starch, glue©- 
aides (arbatln) and lippSeC e* M* flarum attacked only 
m annitol, len t!***, glucose end anmese* fh# fin a l pH 
la  lsTulose broth was S*7«*_______ , _______

Smell saiesisite: of carbon dioxide were produced fross 
glucose by. M* laetleu a* , Approximately ?b per sent of 
the sold protfiuced ija skiffi ad lk  by If* leetie-ue wee found 
to  be la c tic  ;swsii* ** ww* ~ ,~



1

m

1
©<W
3
*

1 1 5 : 1 * 1

Ft

Sp
ec

k 
(3

,94
5)

 
fe«

®£
 

th
at

 
ne

st
 

©f 
hi

s 
cu

ltu
r#

* 
pr

od
uc

ed
 

*©
i<t

 
ft

m

•t
ar

uh
* 

1© 
fa

rt
he

r 
th

at
 

til
ls

 
sp

ec
ie

s 
wa

s 
ge

ne
ra

lly
 

un
ah

l©
 

to



!h® workers who have in v es tig a ted  th i s  gem s are  In  agreement th a t  

th© m lcrobao teria  do no t produce indole* hydrogen s u lf id e ,  nor do they  

liqpnafy g e la tin *  They a lso  a g re e 'th a t -these b a c te r ia  a re  endowed w ith 

unusual thermoduric a b il i ty *  C ats!as#  production and weak acid  forma­

t io n  a re  a lso  g en e ra lly  reported*

Host o f  the investlgp tlcm s summarised in  ta b le  IT were lim ited  in  

th e i r  scope s in ce  they  d id  n e t G&zhim a re p re se n ta tiv e  c u ltu re  c o lle c ­

t io n  w ith  ex tensive  physio log ica l d e te rs!n e tio n s*  T h ir ty -e ig h t physio­

lo g ic a l re a c tio n s  were detejw ined fo r  each of th e  c u ltu re s  used in  th is  

study w ith  the  purpose of c o rre la tin g  them* i f  possib le*  in to  a useable 

sokes*© fo r id e n tify in g  members of the genus*

Methods and tlo&lat

lb® im oeulm  fo r  th e  physiological do tssad aa tio n s  co n s is ted  o f

4 day c u ltu re s  (SO C) grown in  a medium of the fo llow ing composition*

pH 6*6

Carbohydrate* alcohol and glucosid© ferm entation  was .studied by 

a d d in g !  per cen t o f the su b s tra te  to  a p rev iously  s te r i l i s e d  and. 

cooled c y s tin e  agar base o f the follow ing composition*

pH ?•$

She t e s t  su b s tra te  was s te r i l i s e d  se p a ra te ly  by B elts f i l t r a t i o n  and 

added a s e p t ic a l ly  to  th e  cystIn© agar base to  give- a f in a l  eo neen tra t ion

l e a s t  e x tra c t* •*•••#•««***•#••• 
Froteoae-pepton©* * «•**•#•••»«** 
Potassium phosphate (monobaste) 
Potassit»* phosphate (d ib a s le ) . .  
Water to * ••••* ••* •••« * •••* •» * •#

•#»*** *0• & g
*****100*0 ml

Tryptiease* # . . .  
Sodium ch lo rid e  
A g a r . . . . . . . . . . .
C y stin e* ..* # . . .  
Sodium s u lf i te *  
Fheaol re d * * ., .  
Water t o . . . . . * .

a©*© g
6*0 g
S*S £
0*§ g 
0*6 g

** ©*017 g
1000*0 ml



of 1 per sent* Th# cystine agar base was sterilized by autoelawirg 15

adm# ‘at III St Foor ml amount* were plaeed la starlit 18 by 128 mm.

test tuba# and Inmtfeated 24 hours at SO € to do toot eontiasiiiabtom# At

the end of tbit tim  th# tubes were Imooalated with the cultures to be

tested* Control* consisting of tuaiaoemlated media mad inoculated media

without substrate were usml* Beading# war# made after 4 add 3 day#

incubation at §0 C*

Gelatin liquefaction mg determined using a medium of the following

eoMpowltletti

Qelatin* ##•*##*** •*•******•'•*« *• «.•*•** io j) g 
*•*«#**#«•*** •#*«»**«* •**«#*• 0 4  |

ieef-*«3Etraet« • » * *# *# * * * «#« « * *•* « m *♦ * * * * 6*1 g 
®at©r to******-**## '* ** **#**» #* * **** *** im ^ rn  X

p» T*©

£m*&lttgs..w#r# made after 5* S and 14 days4 Incubation at 5© €* The 

tube* were placed In th e  refrigerator along with unlmseulatsd control# 

and after 2© mis** they were observed for ertdeaee of liquefaction*

Hydrogen sulfide production was determined using lead acetate agar* 

BeeiUag* were mad# after 4 aad-;5‘ day#* Incubation at 50 C*

Methyl red and Mogeê froekauer reactions as well as th®'final pi 

determination wsr* made using'titS#*?*P#’ mediue# At the end of 8 days*

incubation at #0 C# mm Amp of the culture was added to on® drop of -

©*©5 per cent aq»«oufiH*alooholie methyl red and the reaction recorded#

■ the ¥oges**Proafcauer te st as# made by adding't  ml of 40 per cent potas- 

ei«m .hydride oa®taiai«g ©#3 per eeat ereatin* to  t  ml of the 8 day 

, Oultnre* ' leading# war# mid# 5© s&n* after th# addition of th is reagent* 

The final pHwa® determined using a l»«i«m  pS meter (Model ©).*■

Indole production was determined, by growing the ©ulinree in a 1 per 

eent solution of tryptiease for 8 day# at SI 6# At th# and of this time*



S3.

a few drops of lo vac * s reagent were added and the color observed#

Caialase productioo. was determined by adding 1.0 ml of 3*0 per cent 

hydrogen peroxide to a 4 day slant on 1 tore of the teat organises# Bvolia* 

tian of ga® was taken a® evidence of a positive eatalas© test*

Ultrat© reduction was determined in a medina of the following 

eompositiom

least extract********************* *** *1*0 g ' 
Proted«#»peptone*•***•*•**«••**#**.* * *0.3 g
Glucose******•*•*•*••**«**«..........•**«»«0*1 g
Potassium nitrate#*••*****»**•*.*.*****0*1 g 
Water to**************************..100*0 ml

pH 7*0

After 8 days1 incubation  a t  30 C the  presence o f  n i t r a te  in  th© medium 

was ta s te d  by addition-, o f . 0*1 ml each of, s u lf a n i l ic  sold and $  -naphihy* 

lamina as deaoribed in  l e a f l e t  T of tb s  ^Manual o f  Methods f o r  .Pure 

C ulture Study1* (1944)*

litm us m ilk was prepared fey' adding litm us powder to  f re sh  skimmilk 

u n t i l  th e  d esired  shade of lavender was obtained* This medium was 

s te r i l i s e d  in  the  autoclave 10 » la  a t  121 €• The tubes were Immediately 

cooled in  cold water* Headings were made a f te r  4 , 8 m d IS days* incu­

b a tio n  a t  30 C*

Acid production  in  sk im sllk  was determined after 7 days1 incubation 

at 30 C* Twenty ml o f sldbwiilk c u ltu re  were titrated with 0*1 1 sedim  

hydroxide to  th e  phonolphthali©n (1*0 per cen t aqueoue-a1coho11©) end* 

poin t*  Hie a c id i ty  was ca lcu la ted  as le c t io  acid  from the formula

. „ .. . .  _ ml x normality x 0*09 x  100p«r eent U etic «eid *-----— j ™ J ~ M-----------------

Growth in  10 per cent s a l t  b ro th  was determined in  a medium of the 

follow ing o eap o sitien i
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'Hi® h e a t-re e is ta n c e  of th© c u ltu re s  was determ ined in  a  medium o f 

the  follow ing «aK po«ltloai

Y e a s t - c x t r a e t * . ••#1*0 g
Proteose-peptone*  |g
G l l l C O S O * * * *0*1 g
Potassium phosphate (monobasic).»*******0#2 g 
Potassium phosphate (d ib a s ic ) • • • • • « • * . , * 0 * 2  g 
Water t o * . . . ••* •* .* * .* * .# • ..•♦ .•* ••# * * 1 0 0 .0  ml

pH 6*6

Pirns ml amounts o f th i s  msdllm were placed in  SO ml screw -top v ia ls  o f  

uniform diam eter and s te r i l i s e d  IS mis a t  121 C* One drop o f a 4 day 

c u ltu re  grown in  th® same medium was added to  a v ia l  and then heated to  

35 C fo r  2-| min# . Two m inutes were necessary  to  h ea t the medium to  the 

d es ired  tem perature. Immediately a f t e r  heating* the v ia ls  were cooled 

in  an ic e  bath to  50 C* A fte r cooling  they  were incubated 7 daya a t  

SO C Sttft-the presen©# o r absence of growth was recorded*

th e  r e s u l t s  of these  determ inations a re  summarised in  ta b le  7*

The c u ltu re s  used in  th is  study shewed sev era l ph y sio lo g ica l char­

a c t e r i s t i c s  in  ocwioa (see ta b l#  ?)* lone'-of'-th# -cu ltu res '.studied were 

ab le  to  produce Indo le , hydrogen su lf id e  or liq u e fy  g e la tin *  In ad d itio n , 

none ©f the  c u ltu re s  fermented rhemseee, in u l l s ,  a d o s ito l or so rb ito l*  

ftlucose, gala#toe®, f ru c to se  and mass### were fermented and catales©  was 

produced by a l l  c u ltu re s  studied*

P hysio log ical C h a ra c te r!s tie s  o f  Mie ro b a e te r im. lacticum*

C oneideration o f the ferm entation  re a c tio n s  of M* la e tle u a  re v e a ls  

th a t  th ey  fa i le d  to  ferm ent th© pentoses,, a rsh in es# , sad 'xy lose*  C ulture 

HIS was found to  be th# exception* In  ad d itio n  to  ferm enting arsh ines#  

and xylose th i s  c u ltu re  was m orphologically  d i s t in c t  in  th a t  i t  produced 

filam entous th re a d -lik e  c e ll# ' in stead  of th® ty p ic a l ' sm all, th in  -type of 

rod* Th© hexoses, d ex trose , g a la c to se , levulos#  and mannose were fermented
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w ith  th® production  of acid by a l l  th® 1# laetleuat s tarains tested *  Acid 

p roduction  from galac tose  was weak* Rhamnoae was m b  fermented* ^ i th  

th® exception o f raeliMos®, .most o f .the d lsaccharide#  were fermented* 

C ulture 8181 was unable to  ferment -my of the d 1 saoeh&rlde e» The m ajo rity  

o f  strain®  o f  M* le e tte u *  were unable to  ferm ent th® t r i  smeeharid os* s e l i -  

sites©  and. ra ffin o se*  The polysaccharides* inu lin*  glycogen* d e x tr in  and 

starch*  were s e le c t iv e ly  attacked* Some strain®  produced acid from glyco­

gen. while' non# fermented ijanlia* Search mm hydrolysed w ith  th e  produc­

tio n  of ac id  by a l l  b u t on® s t r a in  o f 1* la e tle m *  Acid was produced

slow ly (15 days a t  SO C) by c u ltu re s  0<£3* Odd* 816* SO-3 and S-2* Acid

production  by th ese  s tr a in s  was weak* C ulture 8181 f a i le d  to  produce

acid  froB s ta rch  in  15 days a t  SO 0* The remainder of th® s tr a in s  of M*

lasticum  were ab le  to  produce acid  from s ta rch  in  4 to  8 days a t  SO €* 

G lycerol, adonito l*  d u le l to l  and s o rb ito l  were not fermented by any of 

th® I'* lactloum s tr a in s  used i n  th is  study* Most s tr a in s  were ab le  to  

produce acid  from marmitol* C ultu res 513 and IfffS were the  exceptions* 

le s e id in  was no t s p l i t  by any of th® M* lactieum. s tr a in s  except 3P^b-9 

and aeid  was produced f r m  g a lie in  by c u ltu re s  S-2* ITUS* 3M5 and SFMb-9* 

1* lacticum  g en e ra lly  p ro d d ed  from 0*80 to  0*40 per cen t acid  

(ca lcu la ted  as l a c t ic )  from sk ta& Ik*  C ultu res 0d3* 616* 8160* 8-2* 1PII3 

and MtMZ produced a weak curd in  skdasdlk* C ultures 0d6* 313 and 8181 

produced n e g lig ib le  amounts o f  acid  frm . skiraml lk* The reac tio n s  in  

litm us milk c o rre la te d  w ell w ith those produced in  sk iw dlk*  Most of th e  

c u ltu re s  of M* laoticw e produced an acid  re a c tio n  in  4 days a t  30 C*

H itra te  red u c tio n  was marlabI©* Six o f the ten  s tr a in s  of £* l a c t i -  

e m  te s te d  game a p o s it iv e  t e s t  fo r  n i t r i t e *

The f in a l  pH was found to range from 6*10 to  6*10* This finding, 

c o r re la te d  w ell w ith th e  m ethyl-red te s t*  S igh t o f ten  s tr a in s  of
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C ultures 0J8, Od®. and 681 imrm ab le  to  grow in  10 per s e n t s a l t  

broth. Th© bulk  o f growth appeared, as a -viscous sediment in  the bettc® 

of th e  tuba#
lo n e  of t h e  s tr a in s  o f  K# f la s m  used in  t h i s  study  were able to  

sa n r ire  85 C fo r  2fr min# in  y eas t extrmeVproteo«@»pepton:0 -»glucos ©• 

p h o s p h a te  b r o th  (pi! 6 .6 )  #

B iy slo lo g iea l Characteristics o f  Other Slerebaeterii8»*iilE« c u ltu re s !

C ultu res 738 and 750 (B* acid o p h ilu s) were not as aotiT© phYslolo*
mmi iiuesiisinnwi wiiewf:#iwj#wew»piie»iww ' ^

g io a lly  as S* laeticuai* They were ab le  to  produce so ld  from d e x tr in  and 

c u ltu re  738 produced acid from s ta rc h , goth 788 and 780 were unable to  

a tta c k  th© d isaccharides and to  th i s  e x ten t were s im ila r  to  th© IS# flsnrm 

cultures# S tra in s  788 and 780 a lso  produced acid  Cross isaim itol* lo  

acid was formed in  s k lm ilk  and th# re a c tio n  'of litm us milk remained 

unchanged a f te r  8 days a t  SO C# th e i r  aerob ic  growth and cai& lase pro* 

disction in d ic a te  th a t  they  are no t to  be thought o f as s im ila r  to  

L actobacillu s  acidophilus# Many of th e i r  ph y sio lo g ica l re a c tio n # , r i s * ,  

growth a t  SO C and fo m e n ta tio n  o f mamsiteL fu r th e r  support t h i s  -ciew*

C ultures 3RMS and $R£t»"»l were found to  be s im ila r  In  th e i r  re ac tio n s  

to  c u ltu re s  342*SI and 534* A ll o f these c u ltu re s  were o f morphological 

type 2 , Th© physiological re a c tio n s  of the#® c u ltu re s , as w all as 534 

and 542*81, are  s u f f ic ie n t ly  d i f f e r e n t  f r m  th ese  of ! •  l a e t l e m  and K# 

flaTUB to  p lace  th m  in  an■lntersiedia te  group (M ierobacteriua sp e c ie s )• 

The outstanding c h a ra c te r is t ic s  o f t h i s  in term ediate  group were acid 

production from arab inose , x y lo se , raffinos©  and g ly ce ro l and. th e i r  

m orphological S im ila rity *

fab le  VI shews th e  ph y sio lo g ica l d if f e r e n t ia t io n  of th e se  cu ltu res, 

f r m  ?#* I&etioem and E* flaws* based upon th e  ferm entation  o f arabinoss®,



x y lo se , raffiaose* g ly ce ro l and starch* I t  can be s@ert th a t  1actions  

does no t prodnee ac5d from pentoses h u t does produce acid  firo® s ta rc h  

(w ith th e  exception of c u ltu re  8181)* !* f la tu s  cannot f  am ent pentoses

or starch*  The in term ed ia te  group (inc lud ing  342*31 and 534) i s  sharp ly  

d if f e re n tia te d  by acld-production  fTorn th# pentoses as w ell as f r e s  

g ly cero l and r a f f  in© so* C ulture 515 (labeled  lactlciB s) was not con­

sidered  to  be M orphologically or p h y sio lo g ica lly  re la te d  iso o th er organs 

isms- encountered in  th i s  study*

The significance of thesc findings is  d iscussed in  te rn s  of the 

id e n t i f ic a t io n  of these organism* as w ell as the n a tu ra l re la tio n sh ip s  

of til i s  genus to  o th e r genera i s  another section*
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CHAPm TI

f l fkMM OF THS SIMS MICFOimOfHS.1M

ftrla^Jensen, 0tt® and Snog**IJaer (10S6) concluded th e i r  s tu d ie s  cm 

tli© v itam in requirem ents o f Z s tra in *  o f K# laetieum  w ith  th® follow ing 

statem ent*

lm gegenaats su den echten Mi Ichslureb akteri ea ©incn 
gedeihen d ie  vmmhtem Mlehe&urebakterien —» d ie  Coli*nind 
Aerogeneabakberlefi **«> gleich gut in kohlenbehande Iter und 
in  n ic h t kohlenbehandeIter f ilc h }  was damii dbereinstisaat 
dess dies® Bekterlen eieh in  re in  syntheti schen Rthlfouxig 
entw iekeln kamtenf in fhulieher %is@ venrhalt sleh  Micro* 
bacterium  lacttew u*

In  1045 drl**deneen r e i t i n t e d  h is  b e l ie f  th a t  M» Iact|c\«* dees no t

re q u ire  wl'a©tofla^rt*f, or 1rdlk"*bi©» * f o r  growth# A search of the

l i t e r a tu r e  d isc lo sed  no o th er experim ental d a ta  cm the  vitam in require**

s e a ts  of member# o f th is  gemma#

In a previous sec tio n  i t  was shown th a t  a median o f th e  follow ing

com position would support good, growth o f  the m iero b ae te rla i

Yeast e x t r a c t . # , . *#. , #. . **. 1. 0 g 
P rotecse-peptcne#» • • ,• •» • •« • •* .# * • .* • .• • ,« * •* ..0 * 5  g 
Glucose#*#«•*#•##.*•«**•.«*#,».*«#•*».**»*•..*  *0*1 g
'Potassium phosphate (monobasic)* « • • • •« • .• • • • •# * 0 #2 g 
Potassium phosphate (d ib a s ic ) •* ••* •••••** ••**••0*2  g 
Water t o . . . . . . , , . , . . . . . . . . . . . . . . . . . . . . ............#100*0 ml

p i  e .6  ■

The erga&lme used as iaceu le fo r  th e  experim ents reported  in  th is  

and. follow ing sec tio n s  were grown in t h i s  y ea s t-e x tra c t#  proteose* 

peptone, glucose medium {©Pirewiated T*E.F#P*)* The preparation of th e

"The c e l l  and aero genes group of np8eudo-lacti©  acid" b a c te r ia  
are Ju s t th e  opposite ©f th e  true la e t le  acid b a c te r ia  they grow 
equally w ell l a  charcoal tre a te d  m ilk  or so n -tre a te d  milk} th is  means 
that th ese  orgnnleae can grow in a purely  synthetic medium* th is  i s  
a lso  tru e  fo r  M icrobacterium l&etieum*”
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Sm» ftbov© sj@dim was prepared i s  th e  coneentr& ti ona Ind icated  and 

s te r i l i s e d  by f i l t r a t i o n  through a Jena X0f au f 3 g la ss  f i l t e r *  1h© 

medium was dispensed a s c p tie a l ly  In to  s t e r i l e  t e s t  tubas® in  10 ml 

amounts* This is ®d lira supported the growth ( r i s ib le  tu rb id ity )  of M* 

1-aetimmi (c u ltu re s  0J5# SO-S) b u t not M* fl&rum (cu ltu re  0J8)* Growth 

was d iseeraeb le . in  3 days a t  30 0* The same c u ltu re s  a lso  grow whan 

th a  medium was s te r i l i s e d  by autoc laving 18 j miiu at 121 C*

Omission o f glutam ine and sodium a a e ta ta  did .not a l t a r  the amount 

o f growth obtained and' hence th ese  substances .were elim inated  frtm  

fu r th e r  consideration*  Casein hydrolysate  in  0*0 per cen t concen tra tion  

was found to  be as s a tis fa c to ry  as 1*0 per cent* Consequently* .the . 

former concen tra tion  was used throughout the  rem ainder of th ese  experi­

ments*

Comparison of the. amount o f acid  formed in  th e  lasb-^en tioned  , 

medium (by © lectrom etric t i t r a t i o n  to  pH 0*8) w ith .add itions ©f 0*1 per 

cen t liw er e x tr a c t  (Wilson*® f ra c t io n  t ) 0 peptonlsed m ilk  or an aqueous 

e x tr a c t  o f c a r ro ts  (a lso  in  0*1 per cen t coaeon tra tion) showed no 

s ig n if ic a n t d iffe ren ces*
i\

\ '
®All glassw are used in  th ese  experim ents was prepared as follows* 

Tm  t e s t  tubes and f la sk s  were washed in  tap  w ater w ith  tr i - s o d iu a  
phosphate (S g per l i t e r )  and *0nru«* (1 ml per 5. l i t e r s )  • They were 
then  rin sed  10 tim es in  d i s t i l l e d  w ater and d rie d  .in on omen a t  110 0* 
©i# tubes and f la s k s  were then plugged w ith  gause-eorered cotton* 
autoclamed 13 min*' and. he ld  12 hours a t  110 € before use# She p ip e t te s  
were thoroughly r in sed  w ith tap  w ater and immersed i s  concentrated  
s u lfu r ic  acid  (con tain ing  1 g sodium n i t r a t e  p er l i t e r )  f o r  30 min*
They were thoroughly  washed*. d ried  and tre a te d  as th e  t e s t  tubes, and 
fla sk s*



The c o n s titu e n ts  of th#  m©di\m  were then  a r b i t r a r i l y  d iv ided  in to  

fo u r g ro ins a® follow#s

Group A Qroap B Group 0 Basal Substances

Thisalite • ITCl i-Inosltol Adenine * $ %  Casein hydrolyeeite
lib o flav lm  Choi in© ch lo rid e  fwanim© » HCl Glucose
If lc e tin le  A dd  Para—ami n&»bensole ‘O racll dl-tryptophan®  .
&*Caleii» acid  Xanthine l~ ey s tin e

panto thenate  Asparagine ■
tyrtAca&ne • HCl S a lt#  A and 8
Sietim  
Folio  a d d

111# substances contained im gre% # A0 B0 and C war® s te r i l i s e d  

•Individually  through a «J#a& M5 m t  3 g la ss  f i l t e r  and s to red  under 

re f r ig e ra tio n #  lb# d l-try p to p h an e , l~ey*tin#  and asparagine war# 

tre a te d  in  Ilk #  manner* . ©again; h y d ro ly sa te , glucose and s a l t  so lu­

tio n #  war# s ta r  i l l  fed In d iv id u a lly  by tmboe lav ing  16 ml a* a t  121 C#

The substances w ader t# « t were added s c e p tic a l ly  in  p ro p e r  concentra­

tion® to  a s ta r  11# f la s k  and dispensed in  1© n l  amounts In  s t e r i l e  

t e s t  tubes# In th is  way any combination o f  vitam in# and accessory  sub-* 

s tan ces  could e a s i ly  be prmmred w ithout re so r tin g  to  laborious and time* 

MnsuKing f il t r& tio n s  and a t  th e  emm tim e a b id in g  unknown chemical 

re a c tio n s  introduced by autoelavliig  then in  eari»lsat£en#

\  For p re lim inary  work the type c u ltu re  If* la e t io m  (OJS) m s  studied*
\\
?hnr media were p repared , vis* {1} b asa l substances only , (2) #1 p lus

group A, (3) $2 p lus $ rw $  1# and (4) #S p lus group 0* I t  was found 

t h a t  c u ltu re  fW& would grow in  medic $g# #S , and #4. b u t mot #1 and thus 

i t  m s  concluded th a t  the required, growth fa c to rs  fo r  th i s  orgeats® were 

p re se n t in. group A* The growth in  media #2, #8 and #4 appeared to  be o f  

th e  same density* To determine which of th e  vitam ins in  group A were 

needed, seven media were prepared each o f which was d e f ic ie n t  in on® 

v itam in  o f  g ro t^  A. The r e s u l ts  of  th is  eacperiiaemt a re  presented in  

Table TO* -'



46*

*mM v i i

Effect of elimination of in d iv id u a l vitamins front group I ©a th© growth 
o f Iffcrob&cter 1 m  lacticum  (0* JU #5)

lasal lediiai ♦  Giroap 1 
Substances Flladaatod

Serial f ta n alar#..
IPOTOT*'W ?I! feoulref to

.Culture
leutr aliasr i t r ® a r  ©r

In d iv id u a lly .......... 'H T “ “ i

Ho- Omission 17*0 Good *
Growth

17.4 17*1

le s s  Thiamin 
Hydrochloride

i« * t  . 18* T 12.3 . . Go©d 
Garowfch

Less Riboflavin 16.S 15.6 15.8 18*6

le s s  Pyridoxin© 
Ry&roehlorido

16*1 15.9 14*8 16*6

Lets Steotinie Acid 14*3 Good
Growth

18.1 15*4

Less d « e a lc im  
Pantothenate ■

I© arovth

L ess' Folic Acid IS. 7 18*5 13.9 18.0

Less S lo tin 10*0 12.5 1S.S 10.8
* Growth observed, but cu ltu re s  not t i t r a t e d .

The da ta  presented  in  th is  ta b le  in d ic a te  th a t  M. Xaetlcna (0<J3) 

was unable to  grow in  the  absentee of d -c a le tm  pantothenate* Ithen th isv
TltwnlB was added t#  the medium good growth resu lted #  .Ta ad d itio n  

r e s u l t s  In d ic a te  th a t  c u ltu re  OJS was ab le  to  grow through fou r s e r ia l  

(loop) t r a n s f e r s  when each vitam in o f group A* o th e r than d«*e a le  lust 

pantothenate* wee elim inated*

To determ ine the  e s s e n t ia l i ty  of d-ealcium  pan tc thenate  fo r  o th e r 

s tr a in s  o f 1* lacticum* Id s tr a in s  were te s te d  a g a in s t  graded, amounts o f 

th i s  vitamin* The r e s u l t s  o f  t h i s  experiment are p resented  in  Table T ill*  

Grewth was much h eav ier in  th e  tubes con ta in ing  0*1 f /  ml o f  d -ca le iun  

pan to thenate  than in  those  con ta in ing  0*01 f*/ssl of  Mils vitam in* I t  can
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4$»

$ M * 1  m ediim ) at t h i s  point had th #  f o i l  owing eaopo«itioa«
Ctaudn hydi*aly*at#* aalb^fr#®* T its^in-fr#© * .*0*5 g
Oluco e © # e* p.* * * • • • * *•••«•«**•••*«#****«****«•••**•**** 1*0 g 

photphat* *0*3 g
P© tas»ii» phonphata (d ib a s ic )•*♦.••* .***•♦*•••***«***.0*2 § 
f h im im  hydro©hlorId®* ..........   100*0 f>
d—c&le ium pan to thenate** * ■%*#* *■*■** *♦#**«* * * * ** * * •* • # * 100*0 ^  
W ater to*  #* ***• ♦* * • • *.* *»•*** • * • • • • • • • • * • • » * • •  •* ••  • ** 100*© s i

pi $*6

m im  x

Influej3.ee of l-a sp a rag in e , l-e y » iin # f l« trypteph*ae and salt®  on th©
growth of #* l&etleum

' O’SUtAT® 
Deeignatiott

Ccsm pounds * 
Ixteluded

Compounds 
■ - Ondttaft

0J3 i i ? 31

Odd 16 6

3!§€ 41 41

M 3 48 m

W§6 40 16

1HHE1 68 86

iv m 80 m :

8180 40 i f

8181 i 0

8-2 36 43

30-8 : 36 29

788 34 28

813 «§,. 60

818 0 11
^'1-Asparagine> l^eyetinisVrl^tryptophaii©" and s a l t s ,  p lus b asa l medium.

^ fo r een i l ig h t  absorb tion  a f t e r  4 day® a t  10 0*



The response of 4 s tra in s  of v* lacticum  to  graded amounts of d-

calcium panto thenate  in  the above mediisn i s  shown in  ta b le  XX* Curves

drawn w ith th ese  data  are shown in  f ig u re s  8a, 8b, and 8c* These

r e s u l ts  appear to  e s ta b lis h  th e  e s s e n t ia l i ty  o f d**calciui!t panto thenate

fo r  f  * lacticum*

’ . TABLE XI s ■*

SResponse of vicrobacterlum  lacticum  to  graded amounts ol* d-ealcium  
* panto thenate \ *

Per Cent L ight Absorption

Podium *3o
£S
8 81

80 icp

1* Basal + l , 0 / / m l  Thiamin . HC1
k d-Calcium pantothenate

0 0 0 0

2. 1 + 0*001 / /m l  d«Calcium 
pantothenate

0 0 0 0

3. 1 4- o i l / / m l  d-Caleium 
i; pantothenate

0 0 f  12 ;

4**4 .;+•r-OjOS / /m l  d-Calcium 
pantothenate

11 25 3$ 5
U

4?*■ ̂

5* 1 4- 0 .1 / / m l  d-Caleium 
pantothenate

25 35 11 40

6 * 1  + 0*5 / /m l  d-Calciisa 
pantothenate

31 45 15

7 . 1 + 1.0 / /m l  d-Caleium
pantothenate

35 47 16 45

A ll o f th e  c u ltu re s  used in  th is  study were then te s te d  fo r  growth 

through 5 s e r ia l  (loop) tra n s fe rs  a t  48 hour in te rv a ls  (30 C) in  the 

above medium* The re s u l ts  of t h i s  experiment are  presented in  ta b le  XII* 

I t  can be seen th a t  only the  c u ltu re s  designated as V[* laeticiga grew* 

(C ulture 738 designated as B* acidophilus a lso  grew through 5 tra n s fe rs )*
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20
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0£ 0 10,050.01 0 5

V  OF THIAMIN AND/OR D-CALCIUM PANTOTHENATE

fH'AMtN CONSTANT, 0-CAtC«UM PANTOTHENATE VARIED 
BOTH VARIED

Fig* Sa Raepoaae of K io ro b a e ta r lm  l a c t i o m  ( f - 2 )  t o  graded 
tfeiw in®  • HC1 and d-ealeivta paxrbothenato
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0. 50.05 0.10.01
Y  OF THIAMIN AND/OR D-CALCIUM PANTOTHENATE

___THIAMIN CONSTANT, D-CALCIUM PANTOTHENATE VARIED

__________  SO T H  VARIED

Fig# 8b Response of f i e r o b a c te r im  1 ac t!c m  /c ik # ' ^
arnoim ia of I h im in© "'T iff 1''"and' d -c a le im  pajaiotnoii® f,S ~’rR*,e
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senomts of thiam in 1581’ and d -c a ic iik  pantothenate



E* f l s c m x k  a&d other s tle ro b ac te ri*  described ■ In Chapter ¥ , did not grew 

through 5 se r ia l transfers and evidently  have sere complex n u tr ition a l 

requirem ents* I t  was found that addition of 0*1 per cent carrot or 

l iv e r  e x tra c t  to  t h is  medium would e x p e r t  the growth o f M* flavm »

m m s  x ix

Growth o f  members o f th e  genus K jcrobseterlum  l a  b asa l medltmi through
f iv e  s c S ^ ' t r s ^ s ^ c r s

C ulture S e r ia l  SSnilSer*
D esignation l e t 2nd 3rd 4 th 5th

on 4 4 4 4
am 0
513 4 4 4 4 4
s i t 0

8180 *4 4 4 4
(8181) not t* rfced
30-3 4 4 4 4 4
8-2 4 4 4 4 4

1FB& * 4 4 4 4
4 4 4 4 4
4 4 4 4 4

018 4 4 4 0
OJ® 0
531 «|* 0
534 0
342-Si 0
TW 4 4 4 4 4
no

K2&M&
4
A

4 0

3 » r * l
w
0

legend*
4  3 growth (v is ib le  tu rb id i ty )  in  48 hours 80 C*
0 * mo growth

C ultures which grew through -5. s e r i a l  t r a n s f e r s  in  the above experi­

ment were te s te d  f o r  growth in  th e  v ario u s  media shown in  ta b le  XIII# 

these  r e s u l t s  shewed, tha.% w ith  the exception o f c u ltu re  513* a l l  o f  the 

s t r a in s  o f r* la o tic u a  which would grow in  th e  b asa l medium requ ired  

d**ealelm panto thenate  fo r  initiation of growth*



$s*

TJ3LB XIX X

K ffee t o f d -ca lc i\* t panto thenate and th laialns on th e  growth of 9 strain©
o f M» lactieu®

Media C ulture D esignation

1* B asel, m  ?1 twain* 0

$4$

21 0 0 0 0

l£UBS , 

0 0 0

2* #1 4  1*0 / / m l  Thiamin® 0 as 0 0 0 0 0 ,0 0

3# #1 4 1*0/ /m l  d-Ca pant. 18 ; 22 18 30 31 39 31 : s 32

Puaioie lac to n e  d lh y d ro x y ,^ ^ 7 dim ethyl b u ty ro lse tone) and

{)-a la n in e  are-4b# c o n s titu e n t ,■:p a r t*  o f pantoth®nio acid* To determ ine 

whether M# la e t ie m  could use e i th e r  moiety alone o r In eombinatieii* an 

•x p artam it was d erised  where th ese  substances were included se p a ra te ly  

and I s  combination i s  p lace o f d-eaiclu®  pantothenate* The r e s u l t s  

p resen ted  i s  ta b le  XX? show th a t  E# ia c t lo m  carmot use these compounds 

i s  p lace of d-oaleiuss pastotheim t#*

nMM  XI?

I f  f e e t  o f s u b s ti tu tin g  p a s to ie  lac tone  g^d/9-m lanlae fo r  d -c a lc iis i 
pan to thenate  on th e  growth o f 9 s tr a in s  o f M* la c t lo m

C ulture D e s iis a iio s
i w s r w w

Media
i w m

1* Basal + 1*0 ^ f e l
fhiam ine 4 J te to ic . la c ­
tone (m  d-Ca p a s t)

2* Basal 4 1*0 ̂ 4 s l  
Hit am in# 4 P alan ine  
{so d-Ca pant)

S« Basal t  1*0 ;^ 4 il
thiamin© + Pantotc l«e** 
to m  and ^ - a la n in e

0

0

80

28

0 23

0

0 0

0

0

0

0

0

0



A summary of Hie p rep ara tio n  wad © m position of the f in a l  medium 

used in th is  study i s  given as follows* A so lu tio n  of vit&min-fre© 

hydrolysed c a se in , n e u tra lis e d  to  pH 6*6 (with 0*1 I! sod inn hydroxide), 

and so lu tio n s  o f  glucose and phosphate s a l t s  were par©pared and s t e r i ­

lise d  in d iv id u a lly  by autoolavihg -16 rain* a t  121 C, the d -ca lc iu s  

pan to thenate  and thiam in hydrochloride were s te r i l i s e d  in d iv id u a lly  by 

f i l t r a t i o n  through a Jena 106 auf 6 g la ss  f i l t e r * .  A ppropriate volumes 

o f th e se  in g re d ie n ts  were mixed to g e th er and added to  s te r i l e  t e s t  

tubes in  10 ml amount* so th a t  the f in a l  concen tra tions were as l is te d  

on page 49*

The r  e s u lts  presented In d ica te  th a t  under the described cond itions 

d-calcium  panto thenate was a n u t r i t io n a l  requirem ent fo r  most s tra in s  

o f  ?"♦ laeticust used in  th is  study* Further evidence was presented th a t 

whereas d -ca lc i\w  panto thenate was e s s e n tia l  fo r  i n i t i a t io n  ©f growth, 

thiam in hydrochloride was, in  many in s tan ce s , stim ulatory* fh© stimu­

la t io n  by thiam in hydrochloride was observed to  be n o n -lin ea r from.

0*01 ^ / ia l  to  0.1 ^ /m l* From ta b le  XX i t  ©an be seen th a t  ih® optimum 

eomeentrsblon of d -o a lc im  pan to thenate fo r 4 s tr a in s  o f F* laotleum 

was approxim ately 0 .1  The minimum l i e s  between 0*01 and Q,0Zf/ml

o f d-calcium pantothenate*

Total growth of H* laetiema. in  the medium l is te d  on page 49 was le ss  

than in  v*h.P«P* or in  a medium which had a l l  the  group A growth fa c to rs  

added, which in d ica ted  th a t  an a d d itio n a l fa c to r  or fa c to rs  are requ ired  

fo r maximum growth* In a d d itio n , v is ib le  tu rb id i ty  appears in  T*B*P.F* 

in  2 days a t  60 €• V isib le  tu rb id i ty  in  the medium presented on page 49 

appears in  Sj- to  4 days a t  30 C*
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Gmttwm m%, m ,  ii8o, ao»si, m m § m m , m  **a $»«*#

war* *t©dl«d al«© thagr war# its© «aly ©«©• wM#h grm is ish# m m lm  

hytfr*ljra*t# stadiast d«t*rib«d in «fa*pt«r ?I» 'th© iBteulm «©* j«r©$®r©d 

in ito© mimmr mapl.eyad 1st tfe* iiwwati&»ti«at* «s aittKte r©*jwirM**it** 

©mltnr## 9RS£t* cyf and 4240 war© taaMK fmr 0 tmrfth In 

th# *©41un ll* t*d  la  tafel© IT* i t  ©©a fnaai that thmy mil grow

tlurasgh t l m  m rl& t tr©a*f«r«* '.If rifeaftarfii* pyvdUtaxln** ntaot-lni©

Mid (ImQf’pm ml) m& falit *©U. «nd lii© iln (0*1^ p#r sal) w n  *dd*A 

to  thi® ?s©dim* grawtfe njspft&rad la  t  day© a t SO C a&d ©a* mutth haaaiar 

a t  th© end ®f 4 day* ttuaft in  ttea «nsdli*si gtvan i s  tftb l#  I?*- ObAmt«& ©f 

6*t«JMtMi fMuxtBtfcungftt© *»4 tHdwaln© Hy&roeftlorld© frm tid® *a©dim 
r»«ait«d  in  a# ©f nay ©f th© rferaia* tH M U

f© datarmiae «ti©th«r any ©rIa© neid® w m  ©uaatiMal far tfc© growth 

2L* %d#tt#m* th®y w#r# a r M tr m r t ly  divided into ttar©# gra^ s a©

1 *

Mia© ©#14
dl«"**p*rfct* ©aid 
1 (4 )  I f & i m  
4h»mrlm  
d J**oi mlmXm

ittitw ©  W  wa# tg##A »« m ?t»ti«»t#r ©rgftal«m# • ©ad. i t  wan fc*«u©«d 

th a t  mmt «f tli# rmilaiftg ©train© «©v&4 hara ©iall«r r©©dL.raw«nt«»
fifê rs, th© ®r©^# ©f Min© ©#14i wmem t«at©d firm ly  ©r i s  M feisfttiaa  

1% -w©« fm ad that grm# 3L ©gain© a©! si® ©©aid ©n^ori gr^wli* of v* l a t t ic e  

©fo#r©«© gr©qp# t  ©r 3 ©tea# trcmld a#t* 'If &r*4p© t  and $ n©wi ©©mMaad* 

ĝ enrtfc. was efet©l«i©6» $)»•#© rmmlt® «r® missmrltftd la  tnfete XVI • f t  «©*

©<m«lud©d that Hi© » i»©  *©id© ©r©®©a% la r̂©®̂  I ©«r© «wflt©i#at t©

I

% ( t )  glwtftiri© ©aid 
dl«^r©lln®
I  (<*) if tw iM  

4V©K©^loain»
l  (>3 « w
4lft4ttpypt©i

f

.1 (*), tyr©#is®
1 I# ) .

dl«tfer©©r4.f*©-'
41©fibM(fli^Uu^Uii
1 C») f r a i l s #



support grewlh, whereas groups 2 and 3- did no t con ta in  adequate amine 

acids or e ls e  some o f  them war® in h ib ito ry  fo r  P* l&etieua# . I t  should 

be noted th a t  Inorganic n itro g en  (0*6 per cen t wmsmlm  ch lo rid e ) would 

no t s e rre  as a n itro g en  source fo r  F# laeticum*

F urther eiperim eitts showed th a t  any m in e  acids from group 1 or 

f t m  groups Z p lus 3 could be elim inated  w ithout m a te r ia lly  a l te r in g  

th© amount of growth* In  a l l  eases, how rrer, the growth'was poorer 

than  when n ineteen  amino acid® were cnployad*

fmm xvt

Growth o f M* laetieuB  (2M2) w ith  mime acid® (0rot$« 1, 2 and 3) and 
"* In  0*5 per cen t snaiaxKiuR ch lo rid e

^Seriai 
T ransfer .i \

^rmp 'W  r̂ tiSqf '1

1 s t ,+
2nd .+
3rd +
4 th +
5th +

0 0

Croups
1 + 2

0roupi [ 
2 + 3

+ + +
+ . + . , +
+ +
+ + +
+ + +

1 +
0*6 par cent

0

♦Each medium co n ta in e d :!  per cen t glucose
0*37 pear can t potassium phesphab® (d ib a sic )
0*13 per cent potassium phosphate (monobasic)
100^ ea c h  o f d-calcium  panto thenate and thiam ine 
M in e  acid  g ro ins 1 ,2 ,3  s in g ly  or in  combination

pH 7*0 + 0*1- ■ . , . .

I t  was found p o ssib le  to  some s tr a in s  to  grow .in -a-wary

simple p a t h e t i c  medium# This, was - accomplished by rep ea ted ly  sub^cu ltar­

ing  th e  organisms In  a madlm con ta in in g  only  groups • 2 p l m  ■ 3 ■ end drop- ■ 

ping  out one amino acid  trtm  th ese  groups a f te r  e re ry  f i w  sub-cu ltu res#  

th u s , IBIS, 0J3, 8180, and 3B$>»9 could bo made ■ to  grow In  a  medium 

con ta in ing  500 ag  phenylalanine per 100 ml as th e  only n itro g en  source* 

& w lh  was r i s i b l e  b u t poor a f t e r  6 days a t  SO C« The organisms lis ted .



80*

would grow on continued transfer®  in  th i s  medina*

A dditions of 0*8 m^a per 100 ml ©aoh of adenine s u lf a te ,  gm nino 

hydroch lorld», u r a c i l  end xanth ine to  group®■ 2 plus S had no s ig n l f i -  

e a s t  e f f e c t  os growth*

f̂ rom the#® studies i t  appears a® i f  the  following conclusions »«y 

be made regaining the growth of E# laotieua is. a chemically defined

(1) inorgan ic  n itro g en  as aesMonitn ch lo rid e  w ill  no t s a t i s f y  

th e  ■ n itro g en  requirem ent# f o r  1W laotleum , ’(8) . a  m ixture of 19 amine 

ac id s  end 2 vitam ins supports good growth o f  s tra in #  S»2, S K I, 8180, 

and 0J5 , (8) d~ealeluw pan to thenate  Is  ab so lu te ly  necessary  fo r the  

growth o f H* laot&cww in  a p a th e t i c  ssediwnf (4) th e re  appears to  be no 

e s s e n t ia l  amino acid f o r  if* laaticum j growth i s  p ro p o rtio n a l to- the 

m & m t and r a r i e ty  o f astino aside  p re se n t, and (5) the  purine®, adenine, 

x an th in e , and guanine and th e  pyrim idine u ra c i l  do not in crease  the  

growth o f  M# laotiewa*



CHAPTER T i l l

D iscussion a rb  m m m r

Morphology a®d Physiology* ■

In  g en e ra l, th e  m i© robaetarla fo n t sm all, rounds smooth, convex, 

su rface  co lon ies  of 0*28 to  2*0 me tm d iam eter a f te r  2*S days a t  $0 C*

M©rob&oter im  laetieuBi u su a lly  for®® w hite ©demies which may be des­

c ribed  as *d«ir drop#" M lerobaeterlm  f la v m  and so®© F iorobacteriun  

aped#® fo t»  co lon ies which are  p igaented c itro n  car canary yellow  

although sen# are  white*

M ero b ae ta rlu a  lastl-msm stay be considered to  be a sm all, th in ,

(0*6 to  ©*? by 1*4 to  2*0 ja), gram p o s it iv e ,  noanototlle, no&»sporlng 

rod* Wen s ta in ed  p rep ara tio n s  a re  prepared frem so lid  media* they 

e x h ib it  a  © h a ra e te rts tie  angular and ®ide~by-aide arrangem ^t*  She. s e l l s  

©f some c u ltu re s  are Tory s l ig h t ly  sw ollen giving them a s l ig h t  but 

d e f in i te  elub-shap#* tie ro b & ete riu a  fXavm i s  u su a lly  la rg e r  th an  

M icrobacterlm. l a c t i c  na (0»T t o  ©*8 by 1*4 to  2*8 p)* Both species are  

found to  con ta in  granule® *hau sta ined  w ith L e e ff le r* ® methylene blue*

The I llo ro b a c te r lm  spec ies  group of organisms was always found to  be 

coeco~ba© 111 ary  or wedge-shaped* They d i f f e r  g re a tly  from th e  c la s s ic a l  

morphology of Iglerobacteriure l a c t ic  urn and Mi erobaetortum  flavuwu SanreraX . 

c u ltu re s  of th ese  l a t t e r  species were found to  co n ta in  co eco -b ae illa ry  o r 

wedge-shaped c e l l s i  and eenacqueetXy# «a® caimot in  a l l  instance® id e n tify  

th ese  organists® m  th e i r  m orphological appearance* In most ca se s , however, 

M iorobaetsriiiB X actlcm  was of th e  c la s s ic a l  morphology as described  above* 

Sen* of the  organisms' designated  as M lerobaeterl U& spec ies  had an 

appearance very s im ila r  to  micrococci* However, they  were found to be 

biochem ically  d i s t in c t  from M eroeeecua ep iderm id is , ^icrococcus f la v u s ,
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Aerobic, facultatively macroM#*

Optimum tes$erature 30 0#

(3) jgjcrobacterl'OB fiynp* Orait positive, aen-qporing, non- 

motile» short rods (0*? to 0*9 by 1*4 to 2*6 ja) • Son-acid fast# 

ftPKnulatsd when stained with methylene bln©* May appear eooco-h&cil-

l&ry or wcdgc-shap#d*

For® small surface colonies about t*§ »  in dim eter* Colon!©s 

smooth, round, convex, g listen in g , citron or canary yellow#

Catalan# p o sitiv e#

Idtmts milk unchanged#

Sel&tim not liquefied*

M o l#  no t formed#

Hydrogen su lfid e not formed#

Acid tv m . dextrose, fructose, mannose, end mannitol* So acid fr<s» 

arabinose, rhannes#, xylose, maltose, raffinose, dextrin, starch or 

glycerol*

Aerobic, facu lta tive ly  anaerobic*

Optimum temperature 30 C#

Tltcelm and Amino Acid Requirementsi

3fc has been found that d«ealeiwa pantothenate i s  absolutely neces­

sary for the grewth o f Merobacteriun lacticim , Farther, i t  can 

u t i l is e  neither pamtoic lactone or/£» alanine alone or in  combination 

and thus i s  sim ilar'to the la c tic  acid bacteria, propionic acid bacteria 

and certain strain® of Coryaebaaterlvm diphtheria# (Forter, IMS)* Ihe 

mount of d-calciua pantothenate necessary for growth i s  also  of the 

seme order of magnitude as i s  required by the above mentioned organism# 

©i# exact function of d-e&leium pantothenate (or pantothenic acid) in . 

the metabolism of bacteria or higher organisms is  as yet unknown*
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I t  may possibly function in  several. m etabolic p rocesses (Mcllwain and 

Hughes, I tM j  Sevag and $reen, 1944).

I t  i s  o f  in te r e s t  to  not® th a t  most o f the  s tr a in s  which arc  o f

similar physiology and id e n t i f ie d  as ifilorobootwlm laetlcum  req u ire  

d -o a lc lm  pantothenate*

M er ©bacterium lo o t lens? has been found ab le  to  grow in  a sy n th e tic  

medio® composed o f I t  amino ac id s  and Z vitam ins* The amount of growth 

decreases w ith  a decrease in  the amount of v a r ie ty  o f amino acids used* 

There a re  evident*liy no e s s e n tia l  amino acids* The la c t ic  acid  h-&©» 

teri* a lso  re q u ire  a v a r ie ty  of asii.no acid® fo r  optimum growth (vis* 

a la n in e , a rg in in e , a s p a r t ic  a c id , c y s tin e ,  glutam ic a c id , h is t id in e ,  

leuc ine  or iso le u c ln e , ly s in e , m ethionine, pheny la lan ine , s e r in e , 

th reo n in e , tryptophane,, tyrosine- and v a lin e ) • llc robaeto riu®  1 act!cum 

does n o t appear to  be n u tr i t io n a l ly  as fa s t id io u s  as some of th e  lac tic- 

acid  b ac te ria*  Under the cond itions used, adenine, xan th ine , guardn©, 

and u ra c i l  do no t s tim u la te  M icrobaeterim  lacticum * This specie# i s

unable to  use 0*6 per cen t ammonium ch lo rid e  as a so le  source o f  ■

nitrogen*

lic rc b ac te riu ®  flawtm and M lerobeeter1m  species' were found unable 

to  grow in  a sy n th e tic  medivm which supported the growth of H e r  ©bac­

terium  lm etioog* 

geaaonamy*

The m icrobacteria  are  undo S ta b ly  c lo se ly  a l l ie d  to  the  la c to -  

b a c i l l i  and propiom ibaeteria* The m icro b ac te ria  do n o t seam to  bo 

b iochem ically  re la te d  to  the  d iph thero id  group since  they  are more 

a c tiv e  fe rm en ta tiv e ly  and have lower optimum temperature** Since they 

poaeoe® eatalfi.se they are  probably more c lo se ly  re la te d  to  the  propioni- 

b a c te r ia  than th e  l a s t  © bacilli*  The only point® o f  d iffe ren ce  a re  the



types of ferm entation  products and oxygon re la tio n sh ip s*  The l a t t e r  

p roperty  i s  dependent (a t le a s t  in  th e  ease of microa@ropb.ilic organisms) 

on the chemical composition of the raedina and hence is  not too im portant 

as a tmxonoiRie e r  i t e r  ion*

Tfndoubt&bly cither specie® of m icrobacteria  r w i s  to  b© described* 

In th is  work only th re e  species have been studied* Since M o ro b a e te r lm  

me te n te r  lo rn  has been proven to  be a mycobacterium (w it te rn ,  1353)* and 

i s  new c la s s if ie d  as H ocarila aieeentgrlcft, and since Mio ro b ac te r i 'm  

llq u e fac len a  I s  q u ite  d i f f i c u l t  to  i s o la te ,  and perhaps n o n ex isten t, 

the  above th ree species are  the  only s ilo ro b ae te ria  known today*

They are d if fe re n tia te d  b iochem ically  and seem to  form a firm  base 

fo r  th e  genus# In the  l ig h t  of p resen t knowledge, i t  would be fo o lish  

to  abandon the  genu® on the  grounds th a t  i t  i s  a "m iscellaneous c o lle c ­

tio n  of gram p o s itiv e  rods"* One need only th in k  of th e  m ieroeoeei or 

the  genus Brnot e r i u» to  r e a l iz e  th a t  the genus M iorobaeterturn is  f a i r ly  

w ell defined*

Prom th e  d a ta  p resen ted , the  follow ing key has been constructed  

which may aid  in  the id e n t i f ic a t io n  of the m icrobacteria*

I* Acid f r m  g ly cero l and r s f f in o se  

iU Acid from arabinose and xylose 

1* llc ro b a e te r iife  sped#®

II# lo  acid f r m  g lycero l and ra ff ln o c e  

A* Acid f rm .  m altose and s ta rch  

2* Ficrobaet o r i tas laetieima 

B* So acid .fro® m altose and s ta rch  

3# w.ierobaeteriogi fiavm? .

This key d i f f e r s  aetsenhat from th a t  in  the  6th e d itio n  of dergey* s 

Manual (1948)* The l a t t e r  d if f e r e n t ia te s  l-icrobaoter iun lacticiM  f r m
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M e rob s c ter 1 im flavnm on the b as is  o f  s ta rch  fo m e n ta tio n  and h ea t- 

r e s is ta n c e . the key pro sooted in  th is  study r e ta in s  s ta rch  f e r ­

m entation as a d is tin g u ish in g  c h a ra c te r is t ic  between th ese  sp ec ies , 

h e a t- re s is ta n c e  has not been employed fo r  reasons given e a r l i e r  in  th is  

chapter# the key is  s im ila r  to  th a t  g lv»n by O rla-Jensen (1919) in  

th a t  m altose i s  employed ass a second d i f f e r e n t ia l  c h a ra c te r is tic *  

b i t te r n  (19S3) and "pock (1943) have reported  th a t  M&robaoteriw* flavqa  

may fe m e n t m altose and the l a t t e r  in v e s tig a to r  has reccsamended th a t  i t  

no t be used fo r d i f f e r e n t ia l  purposes* Won© o f  the  s tra in s  of M cro- 

bacterium £ lawns used in. th is  study were able to ferm ent maltose*

Bergey*a Wanna1 (1939) uses th e  ferm entation  of s ta rch  and smites© as 

d i f f e r e n t ia l  c h a ra c te r is t ic s  between these two species* la  a d d itio n , 

the  key presented in  th is  study employs g lycero l and raffia© se  fo m en ta ­

t io n  to  d i f f e r e n t ia te  these  species frost th e  organisms in d ies ted  as 

Ml or ©bacterium species* Xt should be understood th a t  V icrobaeteriua 

species i s  m orphologically  d i s t in c t  tram ffocetrdia Bteaonterloa*

The 5th e d it io n  of Bergey’s Wanual (1939) placed M icrobaeteri us as 

the second genus in  the fam ily  B ecterlacaae* In  the 8th e d it io n  (194-8) 

th i s  genus has been tra n s fe rre d  t o  the  fam ily  Iac tobao teriaocae  and i s  

the second genua of the t r ib e  TjBctob&clI le a e # llc ro b a c te riig s  liq u e fa c len s  

has been placed in  an appendix t o  the genus*

The da ta  in  the 'p roceed ing  sec tio n s may be of aid  in  id e n tify in g  

M lcrbbacteri m. 1 a c t ! cum, ?&crob&cterim  tl&nm  and c e r ta in  o ther organism* 

possessing  morphological and physio log ical p ro p e rtie s  which a l ly  them to  

th ese  species*
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