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The v a r i a b l e s  o f  c a s e i n  h y d r o l y s a t e  i n  m i c r o b i o l o g i c a l  a s s a y  media  

" 'e re  removed by t h e  u s e  o f  p u r e  araino a c i d s  f o r  t h e  g row th  r e q u i r e m e n t  o f  

L.  a r a b i n o s u s  and h .  c a . s e i . D e t a i l e d  s t u d i e s  were made on t h e  minimum 

number and q u a n t i t i e s  o f  amino a c i d s  e s s e n t i a l  f o r  g row th  o f  t h e s e  o r g a n i s m s .

I n  u s i n g  L .  a r a b i n o s u s  i t  was found t h a t  t h e  f o l l o w i n g  n i n e  amino a c i d s ;  

t r y o t o p h a n e , c y s t i n e ,  g l u t a m i c  s c i d ,  a r g i n i n e ,  t y r o s i n e ,  l e u c i n e ,  i s o  l e u c i n e ,  

t h r e o n i n e  and v a l i n e  p roduced  a  good g r o w th .  The p r a c t i c a l  use  o f  t h i s  medium 

f o r  t h e  a s s a y  o f  b i o t i n ,  n i c o t i n i c  a c i d  and p a n t o t h e n i c  acid,  was d e m o n s t r a t e d  

w i t h  L. a r a b i n o s u s  a s  t e s t  o rg a n i s m .  L. e a s e l  was more f a s t i d i o u s ,  and 

r e c t i i r e d  i n  a d d i t i o n  t o  the  above amino a c i d s  f a c t o r s  p r e s e n t  i n  y e a s t  a s  

h i o t i r .  and f o l i c  a c i d .  On a d d i t i o n  o f  t h e s e  f a c t o r s  L» c a s e i  gave  c o n s i s t e n t  

r e s u l t s  on t h e  e s s a y  o f  s i x  f a c t o r s  o f  B complex v i t a m i n s  a s  r i b o f l a v i n , p a n t o ­

t h e n i c  a c i d ,  r y r i d o x i n e ,  n i c o t i n i c  a c i d ,  b i o t i n  and f o l i c  a c i d .  A m i x t u r e  o f  

a l l  t h e  smino a c i d s ,  as  o c c u r i n g  in  c a s e i n  h y d r o l y s a t e ,  i s  recommended in  

o r d e r  t o  b a l a n c e  o x i d a t i o n  and r e d u c t i o n  r e a c t i o n s  be tween  p a i r s  o f  amino 

a c i d s  b e c a u s e  an  a b s o l u t e  d i s t i n c t i o n  c a n n o t  be m a i n t a i n e d  be tween H d o n a t i n g  

and H a c c e n t i n g  amino a c i d s .  These  amino a c i d s  i n  t h e  q u a n t i t i e s  shown p l u s  

t h e  p u r in e  and o y r i m i d i n e  b a s e s  a r e  - th o r o u g h ly  mixed i n  a. d e s i r e d  amount and :-i 

may be s t o r e d  i n  amber b o t t l e s  w i t h o u t  a p p a r e n t  d e p r e c i a t i o n .  The amount 

n e c e s s a r y  f o r  media  o r e o a r a t  Lon may be weighed from t h i s  m i x t u r e  when and a s  

r e q u i r e d .  I n  t h e  u s e  o f  t ' r i i s  m i x t u r e  t h e  v a r i a b l e s  p r e s e n t  i n  c a s e i n  h y d ro ­

l y s a t e  and y e a s t  s u m l e m e n t  a r e  removed and c o n s i s t e n t  r e s u l t s  o r e  o b t a i n e d .  

S t u d i e s  were  rna.de on t h e  e f f e c t  o f  added  c a r b o h y d r a t e s ,  such a s  manr.ose,  

g a l a c t o s e ,  and i n o s i t o l ,  a s  w e l l  a s  n u c l e i c  a c i d  and  p a r a  amino b e n z o i c  a c i d .  

The a n t i  v i t a m i n  a c t i v i t y  o f  m e th ione  a l s o  was i n v t s L i g a t e d .  The medium, i s  

o f  known c h e m ic a l  c o m o o s i t i o n  end  r e s u l t s  o r e  more r e p r o d u c i a b l e  and th e  

p r o c e d u r e  g r e a t l y  s i m p l i f i e d .
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In t r o d u c t io n

M icrob io log ica l  assay? fo r  the  v a r ious  f a c t o r s  o f  the B complex 

v i tam ins  have become well e s t a b l i s h e d .  These methods a re  based on the  

e s s e n t i a l  n a tu re  of  the  B complex f a c to r s  as  r i b o f l a v i n ,  pan to then ic  

s a id ,  b i o t i n ,  n i c o t i n i c  a c id ,  pyridoxine and f o l i c  a c id  fo r  the  i n i t i ­

a t io n  =-nd maintenance of gravrth of c e r t a i n  types  of  b a c t e r i a .  While
1 £ 3

many micro-organisms - -  b a c t e r i a  ; molds ; fungi j a re  able  to  sy n th es i se  

one or more of  t h e se  f a c t o r s ,  th e re  a re  a few organisms such as the  

l a c t i c  a c id  b a c t e r i a ,  s t r e p to c o c c i  and o th e r s  t h a t  a re  unable to  grow 

u n le s s  an o u t s id e  sueoly o f  ore or more of  the  B comolex f a c t o r s  are

added. This h«? become the  b a s i s  f o r  the m ic rob io log ica l  assay o f  the
4 J 5

B c enrol ex vi ten-ins.  Lee t i c  acid  b a c t e r i a  end s t r e p to co c c i  a re  m
C, 7

c u r r e n t  use f o r  r i b o f l a v i n  assay  and Proteus  morgan i  l a c t i c  ac id

P, 9 ,  10, 11 ,  .  T  4 . • J .  J. . 12 f  4 + '  • *Jorganisms and hemolytic s t r e p to c o c c i  f o r  p a n to tn e m c  ac id .
15 K

Pacch-3'romyces c e r e v l e i s e  , f taphy3,ococcue au reus , C los t r ic ium  but y l l -
] 5 10

cum " and Lact'qhac i l lu s_  a rab lnosus ‘ have been suggested, and used f o r
16 * '

b i o t i n  assay .  L. n rab in osus i s  a l so  used fo r  n i c o t i n i c  ac id  de te rmin-
17 . . IB

a t  ions and f a c e t ,  c e r e v i s i a e  , La c to be. c 111 u s c a. a e i  t o r  ny r idoxm e
19 _ 2 0

a ssay ,  St rep to co ccu s  I s c t i  s and L. case i  are  used in a ssay  fo r

f o l i c  ncid.-

From the above i t  becomes obvious t h a t  these  m ic rob io log ica l  s s m y s  

e re  numerous with & wide veri .ety of c u l t u r e  media and procedures .  Although 

many of the  '-bove methodt have become s tandard  procedures  a method which 

enrol oys a s im p l i f i e d  b a sa l  medium -and a s in g le  t e s t  organism would be of 

g r e a t  advantage . With t h i s  in mind the  l a c t i c  ac id  b a c t e r i a  have been 

ir-ves t i t r a ted  and L, ca se i  and arab inosus  have been employed. Very



s a t i s f a c t o r y  r e s u l t s  have been a t t a i n e d  with  I,, a rab in o su s  f o r  t ie assay 

of pan to then ic  a c i d ,  b i o t i n  and n i c o t i n i c  a c i d ,  L. c a s e i , however,

g iv e s  the  g r e a t e s t  promise as the  d e s i r e d  t e s t  organism because i t s
4 9

n u t r i t i o n a l  requ i rem en ts  in c lu d e  r i b o f l a v i n  , pan to then ic  ac id  ,

. + . . . 9  . , . £1 £0 , „ . .  £0n i c o t i n i c  a c i d  , pyricioyme , biotir.i ana f o l i c  a c id

A s tudy o f  media m s  made t o  dev ise  a s i m p l i f i e d  medium t h a t  could 

be used fo r  th e  essay o f  the  va r ious  B com pi ex v i t a  mi jus. In  p r a c t i c a l l y  

a l l  the  procedures  p r o t e in  m a te r i a l  i n  the  form of c a s e in ,  peptone and 

v e r s t  i s  used  in  co n ju n c t io n  with  c e r t a i n  amino a c i d s .  Hydrolyzed 

case in  i s  a ve ry  prominent c o n s t i t u e n t  o f  many of the  media.  Various 

h y d ro ly s a te s  o f  casei?'- and g e l a t i n  have been used to g e th e r  with 

a r a b in o sus p-:d L. c a s e i  as t e s t  orgy-riisms.

i b rea l  down o f  the  c a s e in  h y d ro iy s a te  mediurrg of S n e l l  and " r i g h t  

i r  t h e i r  a ssay  of  n i c o t i n i c  a c id  us ing  L. a r a binoeus  v-.r.s .node. This 

was done in  o rd e r  to  i n v e s t i g a t e  the  c o n s t i t u e n t s  e s s e n t i a l  or respon­

s i b l e  f o r  growth. T h e i r  medium i s  of  the  fo l lowing  composit ion:

i c i d  hydro lyzed  case in  ------------- 0,5*

Cystine  —■--------  0.01$

Tryptoohane     0.01$

Glucose ------------- 1.0%

Sodium -^cetr te  ------------ 0.6%

Adenine ------------- 10 p .p .m .

Guanine---------------------------------------- 10 p .p .m .

U ra c i l    — 10 p.p .m.



Ribof lav in --------------------- ----------- 0 .2  p.p.m.

B io t in  concentra te -------- ----------- 0.4 p . p . b i l l i o n  of pure concen tra te

Inorganic  s a l t s ----------- ------------  t r a c e

Tryptophane was added by them because of i t s  d e s t r u c t i o n  on the acid

hydro lys is  of c a se in .  Cystine was added because the amount n a t u r a l l y

ore  r e n t  in -■ case in  hydrolyro.te i s  i n s u f f i c i e n t  to  meet the sulphur 

requirements  o f  the  t e s t  organism used. One c o n s t i t u e n t  of the medium 

v.&s ofl i t ted  a t  each t r i a l  with the  r e s u l t s  as  shown in  the  graph.

Thus i t  becomes ev iden t  t h a t  in  a d d i t io n  to the  B complex f a c to r s  

as panto thenic  ? c id ,  b i o t i n  ana n i c o t i n i c  a c id ,  t h i s  t e s t  organism 

r e q u i r e s  the amino ac ids  p re sen t  in  case in  hydro lysa te  fo r  growth. There 

i s  no growth on the omission of  t ryp tophane , A small  amount of  growth 

response  i s  noted on the  omission of c y s t i n e .  This i n d i c a t e s  the  presence 

of some c y s t in e  in  the case in  h yd ro ly$ f te .  The omission of casein 

hydro lysa te  r e s u l t s  in no growth ana shov.s the  importance of  the amino 

acids  f o r  growth response .

Under proper c o n d i t io n s ,  case in  hydroly a te  could be rep laced  by a 

mixture of n u r i f i ed  amino a c id s ,  compounded to  y i e l d  l i k e  r e s u l t s .  

Gladstone (?5) in  1957 in  a study of the  n u t r i t i o n a l  requirements  of 

Staoh.  aureus formulated a medium conta in ing  o u r i i i e d  amino a c id s ,  with 

s a t i s f a c t o r y  r e s u l t s .  The s im u ls r i ty  of  Gladstone1s median to  the compo­

s i t i o n  of case in  hydro lysa te  i s  shown in  Table 1.

The amount of case in  hydro lysa te  and sodium hydroxide t r e a t e d
16, EG, 4, 8

peptone g e n e ra l ly  recommended i s  0 .5  per cent





Comparison o f  a one h a l f  

w i th  Glad

Amino a c i d s  c a s e in  
h y d r o l y s a t e  _ s o l u t i c n ,

TABLE I

o f  one pe r  cent- c a s e i n  h y d r o l y s a t e  s o l u t i o n

:t o n e ' s  medium p e r  10 cc.

.Amino a c i d s  
G l a d s t o n e ' s  medium

Mgs. per 10 c c .

G ly c in e  ( 0 .4 * )  * 0 .2 Glyc ine

Alanine  (1 .8$) 0 .9 Alan ine  d 1

S e r in e  (0 .5$ ) 0.25 S e r in e  d 1

V a l in e  (7 .9$ ) 5.95 Val ine  d 1

Leuc ine  )
) 9 .7 $

Leucine  d 1

I s o  l e u c i n e  ) 4 .85 I s o  l e u c i n e  d 1

P h e n y l a l a n i n e  (5 .9 $ ) 1.95 P h e n y la l a n in e  d 1

T y r o s in e  (6 .5$) 3.25 Ty ro s in e  1

C " s t in e  (9 .5$) 0.15 C y s t in e  1

Tryptopha ne (2 . 2%.) 1 .1 Tryptophane 1

P r o l i n e  (8 .0$ ) 4 .0 P r o l i n e  1

Hydroxy P r o l i n e  (0.2%) 0 .1 Hydroxy P r o l i n e  1

A s p a r t i c  a c id  (4 .1 $ ) o ncfv. • vj ̂ A s p a r t i c  a c id

Glu tamic  nc i d  (£ 1 .8$ ) 10 .9 Glu tamic  a c i d

Hydroxy g lu tam ic  (10 .5$) 5.25 Hydroxy glutamic:

H i s t i d i n e  (2 .6$) 1 .5 H i s t i d i n e  1

'A rg in ine  (5 .2$) 2 .6 Argin ine  d

Lys ine  (7 .6$) 3.8 Lys ine  d.i HL d 1

M eth ion ine  (5 .1$ ) 1.55 Meth ionine  cl 1

Ammonia (1 .6$) 0 .8 Threonine  d 1

■* P e rc e n ta g e  of amino s c i d  c o n t e n t of  c a s e i n ^ ^ .

p e r  10 

0.1 

0 .4  

3 .2  

1 . 6  

1.0 

1.0 

1.0 

0 .7  

0 . 1  

0 . 5  

1 .0  

0 .1  

0 . 5  

2.5.,

0 .4

0 .8

2 .0

0 .8

0 . 6
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The f i r s t  i n v e s t i g a t i o n s  were concerned with the use o f  va r ious

h y d ro ly sa te s .  The procedure f o r  the removal of v itamin f a c t o r s  was
4, 8,  9,  10,  ix

c a r r i e d  out accord ing to  stunoard p r a c t i c e  . Casein acid

hydro lysn te  prervored from n vitamin f r e e  case in * ,  an enzymatic case in  

hydro lysa te** and acid  hydrolysed g e l a t i n  were i n v e s t i g a t e s  in  the  p repa r ­

a t ion  of  s tandard  b a sa l  media. The enzymatic case in  bydro lysa te  gave a 

maximum acid  production e q u iv a len t  to  I f . 6 cc .  of 0 .1  N. sodium hydroxide. 

The a c id  hydrolyzed case in  e q u iv a l en t  to  9 .2  cc .  and g e l a t i n  acid hydro­

l y s a t e  eq u iv a len t  to 7 .0  cc.  Valine,  tryptophane  and hydroxy glutamic  

pcid were added to  the g e l a t i n  hydroly rate medium because they a re  not 

n a t u r a l l y  o re s e n t  i n  g e l a t i n .  The amount o f  g lu tamic  was in c reased  to  

the  amount p r e s e n t  in  case in  hyd ro lysa te  as the  amount p re s en t  in  

g e l a t i n  i s  much l e s s  than in  case in .

Varying r e s u l t s ,  however, were obta ined  depending upon the  amount 

o f  Nori te  treo.trr.ent f o r  the  removal of t r a c e s  of vitamin con ten t  and the  

completeness o f  h y d ro ly s i s .  Complete h y d ro ly s i s  of case in  i s  d i f f i c u l t .

In the  Norite  t r ea tm en t  T i s i l u i s  has r epo r ted  the  absorp t ion  of amino
•7do

acids  end p e o t id e s  by a c t i v a t e d  charcoa l  and carbon . Because o f  the 

incompleteness  of h y d ro ly s i s ,  the v a r i a b i l i t y  i n  the composit ion of  the  

o r i g i n a l  c a s e in ,  and the lo s s  of amino ac ids  on vitamin removal, the re  

i s  much u n c e r t a in t y  of  the  f i n a l  amounts of  each amino in  the hydro lysa te .

* From: Research L a b o ra to r i e s ,  Corpora t ion ,  Chagrin f a l l s , Ohio.

-** From; L a b o ra to r ie s ,  ulead & Johnson, Z v a n s v i l l e ,  Ind iana ,



I t  would. 3 opesr ,  t h e r e f o r e ,  t h a t  th e re  e re  too many v a r i a b l e s  i n  the  

f i n a l  medium. Any change in  q u a n t i ty  in  each amino acid  p a r t i c u l a r l y  

i f  the  amount i s  lov.er than th e  r e q u i r e d  minimun of  the  t e s t  organism 

would r e s u l t  in  marked v a r i a t i o n s  i n  assay  r e s u l t s .

An assay  t e s t  showed t h a t  th e  case in  h y d ro lysa te  gave s a t i s ­

f a c t o r y  r e s u l t s .  However as s t a t e d ,  i t  i s  d i f f i c u l t  to o b ta in  hydro- 

l y s r t e s  o f  uniform composi t ion . The nex t  s tu d ie s  were l o g i c a l l y  examin­

a t i o n s  f o r  the v s lue  of th e  amino ac ids  p r e s e n t  in  case in  h y d ro ly s a te ,  

l o t h  as t o  the  s p e c i f i c  amino acid  and q u a n t i t i e s  of each p r e s e n t .  

Accordingly media, mere prepare;! of  pure amino ac io s  based on the case in

h y d ro ly sa te  amino ac id  c o n te n t .  A de te rm in a t io n  mas made o f  the  e ssen-

t i a l  amino ac id s  necessa ry  to  produce and m a in ta in  growth by w i thho ld ing , 

in  t u r n ,  one of the  amino ac id s  p r e s e n t  in  case in  h y d r o ly s a t e . Is  f a r  

es p o s s ib l e  the  n a t u r a l l y  oecurfng o p t i c a l l y  a c t i v e  forms of  sraino ac ids

as  found in  c ase in  were employed. Tfhere i t  was necessa ry  to  use s y n th e t i c

. racomic forms the  amounts were i n c re a s e d ,  A basa l  medium was f i r s t  

p repared  accord ing to  Table I I .

In p rev ious  exper iments  the  need f o r  t ryp tophane ,  c y s t i n e  and case in  

h y d ro ly sa te  have been demonst ra ted ,  as no growth occurs  on tile omission 

of  any one of t h e se  c o n s t i t u e n t s  from the  medium. The b a s a l  medium 

(Table I I )  with a l l  the  amino ac io s  (19) p r e s e n t  i n  the  r e q u i r e d  amounts,

? s i n  case in  h y d ro ly s a te ,  gave a maximum acid  p roduc t ion  e q u iv a l e n t  to 

9.8 cc.  0 .1b  NaQH. R esu l t s  on the  withhold ing  of  one o f  the  amino ac id s  

i n  tu r n  a re  shown on the  accompanying graph .

There i s  p r a c t i c a l l y  no growth without t ryp tophane (2 ) ,  c y s t i n e  

( 5 ) ,  g lu tamic  ac id  (4) .and v a l in e  (16) and very  l i t t l e  growth without
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TABLE I I

L a c t i c  acid b a c t e r i a ,  L. c a s e i  and L. a r a b inosus were s e le c ted  as t e s t  

organisms.  These organisms were s e l e c t e d  because of t h e i r  f a s t i d i o u s

n u t r i t i o n a l  requ irem ents .  

l ( - )  Tryptophane 

l ( - )  Cyst ine  

Glucose 

Sodium Acetate 

Sola .  A* ( inorgan ic  s a l t s  

Soln .  B* ( " "

Adenine 

Quanine 

U rac i l

N ico t in ic  acid  

Thiamine hydrochlo r ide  

Calcium pan to thena te  

P y r idox ine  

F ib o f la v in  

B io t in  (Free acid) 

l e a s t  supplement**

Water to

(pH ad jus ted  to 6.8)

-*Soln. A

KgHPO rngs,

KHgPO^ 5 mgs. 

Water 50 cc.

0.100 gms.

0.100 gms.

10.0 gms.

6.0 gms.

5 .0 ml.

5.0 ml.

0.005 gms.

0.005 gms.

0.005 gms.

0.0001 gms.

0.0001 gms.

0.0001 gms.

0.0001 gms.

o . ooq;1 gms.

0.0002 gms.

10.000 cc.

1000 c c .
1

*Soln.  B

%so4.7H20

NaCl 0 .5  gms, 

FeS0..7H<-0 0 .5  gms.4 £ °

MnS04 .4HgO 0.557

Water 250 cc.

Tlie y e a s t  supplement e q u iv a l en t  to  2 .0  gms. of  whole au to lyzed  y e a s t .  
Yeast  was added fo r  s tu d i e s  with L. c a s e i .



t  a c <0
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Explana t ion  of Graph 

1 .  BaS6l Tiediun Table I I  complete with a l l  amino a c id s  s s  in  case in  

h y d r o l y s a t e .

Of • Jfi s e l medium Table
i

I I minus 1 - tryptophane

■z t r t t t r I t t t 1 - cy s t in e

4. f t t t t t t t Tt d - glutamic  acid

c, t t 11 t t TT TT d - a r g in in e

6. t r I t t! I! T? 1 - ty ro s in e

7. t t Tt 11 It t r 1 - a s p a r t i c  ac id

8. t r t t t t t t ft 1 - leucine.

9. t r t t Tt t i Tt 1 - i s o l e u c in e

10. t r Tt I t Tt " d 1 - phenyl a l an in e

11. i t t t IT tt " d 1 - a la n in e

IE. t i t i t t t t TT d - ly s i n e

13. t t IT t t t t IT 1 - s e r in e

14. t r Tt t t Tt t t i
X - h i s t i d i n e

Tt ... " d 1* - th reo n in e

16. n t t t t f t " d 1 - va l i n e

17. t t t t t t Tt t t 1 - methonine

18. t t TT f t TT t i 1 - p ro l i n e

19. t t Tt T1 t t IT 1 - hydroxy p ro ] in e

20. ft t t Tt Tt t t g ly c in e



a r g in in e  (5 ) ,  t y ro s in e  (6 ) ,  a s p a r t i c  ac id  (7 ) ,  l eu c in e  (8 ) ,  i so

leuc ine  (9) and th reon ine  (15) .  The omission of phenyl a l an in e  (10) ,

alc-.nine ( l l ) , l y s i n e  ( i f ) ,  methionine (17) ,  cu t  down acid production

to  a g r e a t  e x t e n t .  Acid product ion  was only lowered to  the  eq u iva len t

of  l e s s  than 1 cc .  of  9.1 N sodium hydroxide on the  omission of

s e r in e  (13) ,  h i s t i d i n e  (14) ,  p ro l  ine (18) ,  hydroxy p ro l in e  (19) and

g ly c in e  (20) .  This would i n d i c a t e  t h a t  t ryp tophane ,  c y s t i n e ,  g lu tamic

a c id ,  i so leu c i r .e ,  l e u c i n e ,  v a l i n e ,  a r g i n i n e ,  t y r o s in e ,  th reon ine  a re

e s s e n t i a l  f o r  growth of the  l a c t i c  acid  b a c t e r i a .  The a d d i t io n  of

a s p a r t i c  a c i d ,  phenyl a l an in e  and methonine in c re a se  a c id  p roduc t ion .

Maximum produc t ion  of ac id  i s  ob ta ined  when a l l  the  amino ac id s  i n  the

q u a n t i t i e s  p re s en t  in  case in  hydro lysa te  a re  employed. This holds t ru e

only fo r  L. a r a b in o su s . P r a c t i c a l l y  eq u iv a len t  r e s u l t s  occurea when 
5 2

y e a s t  supplement was added to  the  medium m  the  case o f  L. c a s e i .

F u r the r  i n v e s t ig a t i o n  of the  n u t r i e n t  requirements  of L. case i  

and L. a rab inosus  f o r  the  var ious  amino ac id s  were c a r r i e d  out using

i n d iv id u a l  amino ac ids  in  conjunct ion  with the  basa l  medium. Many 

combinations were t r i e d  in  t h i s  exper im enta t ion .  The b a sa l  medium 

employed ' i s  t h a t  shown in  Table I I  above. To the  basa l  medium was 

«dded one amino a c id  at. a t ime to  a s c e r t a i n  which amino a c id  would 

s t im u la te  growth, and in such a manner t h a t  the  r e s u l t i n g  medium was 

augmented by each success ive  a d d i t i o n .  To the basa l  medium was added

(1) g lu tamic  a c i d ,  the next, t e s t  medium was ( l )  g lu tamic  p lus  (H) l y s i n e .  

Each a d d i t io n  was made in  the  o rder  as  shown on graph .  While th reon ine
CO^  • x  *i s  no t  r e p o r t e d  as  a n a t u r a l  c o n s t i t u e n t  of  case in  hydro lysa te  i t  i s

23 . . .an aid in  promoting g r e a t e r  growth. Gladstone inc luded  i t  i n  h i s

amino ac id  combination.  F u r the r  i t  has been found t h a t  on a thorough
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S e r i e s  T

A « . C - l u t P t d c  a c i d  
13. l y s i n e  

, l e u c in e  
r t y r n s i n e  

Arg in ine  
.• g ly c in e  
.! p r o l i n e  
. t e t h i e n i n e  ;
. a i a n i r e  

•T.‘ v a lin e  
K.: s e r i n e  ■:
I . ;  i s o  leu c in e  
*«?. phenyl e l ? n i n e  
TI, a sp a r t ic  ecid 
0. h i s t i d i n e

hydroxy; p r o l i n e  
0.  th reon ine  
P.  a sp a rag in e

1. 7 V \
2. :
?.  SfeBC
4 . I p B C P
5. i'li'.crF’
6- fcyDKF .

7 , 3&BSDEFG 
3. IlBODKFGH 
9- -jtiBGDUFGHI

10. # iBCM:FGHIJ
11. MBCDFFGHIJK 
12- J:\ BCDEFGHIJKL 
IF .  1/iBCDEFGUIJK1M ;
11. } aBCDE'FGHI JKLMN
15. y AF-CBEFGRIJKLMNO
16. 1 FFCDEfGHIKJ1MN0?
17. 1 /.BGDRFGHIJKLMNOPG 
IS - 7ABCPF:FGHIJKLMNOpQF

'  <  |  _

1 r; 5 4 5 6 7 8 9

tryp tophane
t ryp tophane
c y s t i n e
Sodiua. a c e t a t e  
g lucose  : _ ::
adenine  puanine  

u r a c i l  
Sol*n.  A.
S o l 1n . 5•
S o l ’n.  BtBo C-tt. Pan to .
S o l 1 n .  . 5 2 . . : ° . . ..................................................

S o l rn , F i o t i n
S o l ' n . . N i c o t i n i c  a c id

10 11 12 12 14 15 10 17 18
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i n v e s t i g a t i o n  o f  the  h y d ro ly t i c  products  of  c a se in ,  a mixture of  the

19 amino ac id s  commonly occuring in p r o t e in s  does not oermit  growth,

o r  support  uniform body weight in  r a t s .  On the  add i t ion  of th reon ine

to  the  above 19 amino a c i d s ,  r a t s  were ab le  to  support  e x c e l l e n t  growth.

36Omission of  th reon ine  r e s u l t e d  in a lo s s  of body weight . For these  

reasons  and the  f a c t  t h a t  in  previous  exper im en ta t ions ,  i t  had been 

found to  be ind ispensab le  f o r  growth of L. n r rb in o sus ,  we inc luded i t  

in  the  i n v e s t i g a t i o n .  A.sovrgine v/as a l so  added because many i n v e s t i ­

g a to r s  hove used i t  in  con junc t ion  with ac id  hydrolyzed case in  media.

No apparen t  growth was noted u n t i l  the  a d d i t io n  of  phenyl­

a lan in e  (13) to  the  twelve preceding a c i d s .  Of the twelve acids  f i r s t  

used no one amino acid or combination of the  twelve produced growth. 

Phenyla lanine  in combination with the  f i r s t  twelve ac ids  produced some 

growth which was brought up to  a h igher  l e v e l  bv the a d d i t io n  of (14) 

a s p a r t i c  a c id ,  and s t i l l  h igher  by the a d d i t i o n  of  (17) th reo n in e .

The add i t ion  of  (15) h i s t i d i n e  and (16) hydroxy-pro l ine  caused l i t t l e  

in c rease  in  growth, maximum growth was a t t a i n e d  when a combination of 

a l l  th e  amino ac ids  through 17' were added. This would in d i c a t e  t h a t  

pheny la lan ine ,  a s p a r t i c  a c i d ,  th reon ine  and asparagine  were growth 

promoting f a c t o r s  i n  conjunct ion  with one or  more of the following amino 

a c id s ;  g lu tamic  a c i d ,  l y s i n e ,  l e u c i n e ,  t y r o s i n e ,  a r g in in e ,  g ly c in e ,  

p r o l i n e , meth ionine ,  a l a n i n e ,  va l ine ,  s e r in e  and i s o l e u c in e .

Another grouping of  amino a c id s  shows t h a t  p ro l i n e ,  bydroxy- 

p r o l i n e  and a lan in e  aid  somewhat in  growth production .

Four hundred and. e ig h t  combinations of the  var ious  amino ac id s  

were run t h e r e a f t e r  i n  t r i p l i c a t e  with i n t e r e s t i n g  r e s u l t s .  I t  was
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found t h a t  good growth could be a t t a i n e d  by using a combination o f  the

following seven amino a c id s  in conjunct ion  with the basa l  medium (which

con ta ins  the  amino a c id s ,  tryptophane and c y s t i n e ) .  The seven amino

ac ids  a.re glu tamic  a c id ,  a r g i n i n e ,  ty r o s in e ,  l e u c i n e ,  i s o l e u c in e ,

th reon ine  and v a l i n e .

Maximum growth and a c id  product ion  were a t t a i n e d  on the a d d i t i o n

o f  methionine,  a s p a r t i c  a c id ,  l y s i n e ,  end phenyla lan ine .  This conbin-

a t i o n  of  e leven imino ac id s  olus the basa l  medium, ( t a i r t e e n  with

t ryptophane  and cys t ine  in the b a sa l  medium) produced e x c e l l e n t  growth.

The omission of any one o f  the  13 a c id s  produced from p r a c t i c a l l y  no

growth on the omission of t ryptophane ,  c y s t i n e ,  v a l i n e ,  i s o l e u c in e ,

t h r e o n i n e , g lu tamic  ac id  to  from a 15 to  a 60 per  cent  decrease  on the

omission of any of the  o th e r s ,  f e a s t  e x t r a c t  had to  be added to  the

medium in  the  case of L. case i  to  produce s a t i s f a c t o r y  r e s u l t s .

L. arnbinosus  d id  no t  r e q u i r e  the  y e a s t  supplement.
24

Vcolley *md Hutchings have found t n a t  th e  s im ples t  e f f e c t i v e

amino ac id  conblnat ion c o n s i s t e d  of t ryp tophane ,  g lutamic  ac id ,  i s o -

l e u c i n e ,  l y s i n e , a r g i n i n e ,  t y r o s i n e ,  c y s t i n e  and methionine in  the
25

growth and acid production  of  b t rep tococcus  zymogenes. C l i f t o n  work-

° 6ing with C los t r id ium hotulinum*' '' used a combination of a l a n in e ,  p ro l in e ,

l e u c i n e ,  s e r i n e ,  g lu tamic  ac id ,  l y s i n e ,  cy s t i n e  and: t ryp tophane .
PR '

Tolley'-"' found t h a t  seven amino "c id s ,  namely: g lu tamic  acxd, t r y p t o ­

phane,  i s o l e u c i n e ,  l y s i n e ,  a r g in in e ,  c y s t in e  and ty ro s in e  ere  e s s e n t i a l  

f o r  growth of  hemolytic s t r e p t o c o c c i .  This would i n d i c a t e  t h a t  the 

amino ac id  requirements  of the  l a c t i c  a c id  b a c t e r i a  a re  s im i la r  to  the  

requirements  of  these  micro-organisms. The s imples t  combination of
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amino a c id s  >vr>fc found to  c o n s i s t  of g lu tam ic  a c i d ,  a r g i n i n e ,  t y r o s i n e ,

l e u c i n e ,  i s o l e u c i n e ,  t h r e o n in e ,  v a l i n e ,  - tryptophane and c y s t i n e .  An
57

i n t e r e s t i n g  comparison with th e  1 inc ing  o f  Rose on e s s e n t i a l  amino 

ce ids  fo r  growth product ior .  may be ras.de a t  t h i s  p o i n t .  I t  was found 

t h a t  the  fo l lowing 10 amino a c i d s ;  l y s i n e ,  t ry p to p h an e ,  h i s t i d i n e ,  

ph e n y la l an in e ,  l e u c i n e ,  i so leuc ine : , t h r e o n in e ,  meth ionine ,  v a l i n e  and 

a r g in in e  a re  i r  d l e p e r s ' ; t i e  raguire iaents  f o r  the  grev.irg animal.  Although
"* -Urn

t h i s  combination i s  s u f f i c i e n t  f o r  growth o f  the  l a c t i c  a c id  b a c t e r i a ,

the  remaining amino - c i d s  in  case in  hydro lypa te  c m  be added w ithout

a g re a t  d e a l  of d i f f i c u l t y  and erpenso • nd the  growth l e v e l  r a i s e d .

Furthermore the  a d d i t io n  of e l l  o f  the  amino ac id s  p re sen t  in  c a se in

h y d ro ly s a te  may aid  t o  ba lance  o x id a t io n  and r e d u c t io n  r e a c t i o n s  between
£7p a i r s  o f  d i f f e r e n t  amino ac id s  as in  th e  1t i c k l a n d  r e a c t i o n

r>7
St ick land*- showed I n s t  -ashed suspensions- of  C los t ridium s poro-

g e re s  a c t i v a t e  c e r t a i n  amino ac idr  as hydrogen-don»tors  and o th e r s  a s -

hybrom! ->• or e n t e r s ,  te0 t h a t  r o u n > d  r . a c t i o m -  L-ke ulace  between, p a i r s

50of  them r e s u l t i n g  in t h e i r  deemir at,.! on . 'Woods1 continued the  study o f

t h i s  f u n c t i o n .  The r e s u l t s  o f  th e se  two workers snow, t h a t  tne  fo llowing

amino ?cid~ a c t  as H-don"tors :  a l a n i n e , v a l in e ,  l e u c i n e ,  pheny la lun ine ,

c y s t e i n e ,  s e r i n e ,  h i s t i d i n e ,  k spa r  t i c  a c i d ,  and g lu t - m ic  ac id ;  and the

fo l lowing  ■?£ H -n c ce n te r s : g ly c in e ,  p r o l i n e ,  hyr i ro ry -p ro l ine  and
27

a r g i n i n e .  S t i c k l e n d ” a l so  shoved t h a t  r e a c t io n  between g ly c in e  and 

a lan in e  g iv e s  r i s e  to  two noleculeL of a c e t i c  a c id ,  CO,, and NK*, and 

t h a t  L -p ro l in e  i s  reduced by 1 -a la n in e  in  th e  p resence  of  C. soorogenes

to  oroduce d e l t a  amino v a l e r i c  n c i t  p lus  pyruv ic  a c id  ana

28Methionine has been r e p o r t e d  t o  be an a n t i - v i t a m i n  vnieh i n h i b i t s  

g r o w t h  due tn i t s  ■•nt i -b io t in  a c t i v i t y .  A s e r i e s  of t e s t s  were run



o m i t t i n g  m e th i o n i n e  front t h e  m ix tu r e  o f  g l u t a m i c  e c i d ,  a r g i n i n e ,  

t y r o s i n e ,  a s p a r t i c  a c i d ,  l e u c i n e ,  i s o l e u c i n e ,  p b e n y l  a l a n i n e ,  l y s i n e ,  

t h r e o n i n e , t r y p t o p h a n e  nd c y s t i n e .  The maximum g ro w th  a t t a i n a b l e  *as  

I = s t v' an 50 no r  c e n t  on t h e  o m is s io n  o f  m e t h i o n i n e .  It .  h a s  been  f o u n d , 

however ,  t h e t  w h i l e  m e th io n in e  may r e t a r d  g ro w th  a t  l e a s t  f o r  t h e  f i r s t  

t v e n t y f o u r  h o u r s ,  i n  th e  c a s e  o f  l a c t i c  a c i d  b e c t e n i a , i t  a i d s  g r e a t l y  

i n  p romot ing  maximum g r o w th .  I t  d id  n o t  a p p e a r  t o  g r e a t l y  h i n d e r  t h e  

nrovrth o f  ju. o.ra b i n o g u 3 v.hich nas been shown to  r ^ ^ i i r e  b i o t i n  f o r  

g row th .

D»rf' -uni no beV'-oic .acid ha^ been  r e p o r t e d  at, a n e t n b c l i t e  e s s e n -
19

tla-'l f o r  b a c t e r i a l  g ro w th  . No a p p r e c i a b l e  e f f e c t  on grov.tn  was n o te d  

o r  t h e  a d d i t i o n  o f  p a ra  amino, b e n c o ic  a c i d  t o  the  aodiura o f  amino a c i d  

co' t’Mnnti'-,r<s i n  t h e  c a s e  o f  l a c t i c  a c i d  b a c t e r i a .

C e r t a i n  o u r i f i e d  pro te in .- ,  have been shown t o  y i e l d  v a r i o u s  amounts 

o f  c a r b o h y d r a t e s  probe l i ly  ooly  r.e cchr: r i d e  composed c f  one m o lecu le  c f  

g lu c o sa m in e  a n d  two m o le c u le s  o f  e i t h e r  g a l a c t o s e  o r  mannose . I t  s t i l l  

remain  a. t o  be  proven a a e t h e r  o r  n o t  c a r b o h y d r a t e s  a r e  i n t e g r a l  p a r t s  o f
r t"
11  tf .

t h e  o r o t e i r  m o le c u le

I n o s i t o l ,  (B ios  I ) ,  mey - I s o  be o f  i n t e r e s t  f o r  b a c t e r i a l  g rowth

et.i ■nule.tiop. I t  i s  r  s u b s t a n c e  n e c e s s a r y  f o r  t h e  normal p r o d u c t i o n  o f  
51

th e  y e a s t  c e l l

E x p e r i m e n t a t i o n  u s i n g  g l u c o s e  10 g n s . ,  r annose  5 gms. and g a l n c t o s  

F gms. pe r  1001 c c .  o f  b a s a l  amino a c i d  medium mas t r i e d  v-ith i n d i f f e r -  

r . t  t - s u i t s .  A b a s a l  e.Qino a c i d  medium c o n t a i n i n g  10 gms. o f  g l u c o s e ,  

I n s  5 gms. o f  n a n n o se ,  p l u s  5 gms. o f  g a l a c t o s e ,  p l u s  5 gms. o f  

i n o s i t o l  was n e x t  t r i e d ;  a l s o  media c o n t a i n i n g  10 gms. g l u c o s e  and 5 gms
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o f  -nannosej 10 g!'i.s. g lucose  plus F gms. of g a lac to s e ;  and 10 gms.

glucose  plus  5 gms. o f  i n o s i t o l  with no apparent growth i n c r e a s e ♦

All t h i s  would in d ic a te  th>>t added carbohydrates  are no t  e s s e n t i a l

fo r  the  st imuli t ic -n  of grov.tb and .acid product ion of the  l a c t i c  acid

bnct*-. r i e .  These carbohydra t e s  were added to  a s c e r t a in  t h e i r  e f f e c t

or. g rov ih  r*xto «cir> product!on in  the media. Carbohydrates0 ' have been

ronor-teri to hove -j spar ing ac t io n  on the  ae.valuation of  p ro te in .

In some c o e s  the  presence- oi g lucose hen l i t t l e  or no e f f e c t  upon

a c tu a l  deamination bv' • ashed suspensions grov<n in a t r y p t i c  d ig e s t  of

c®?ein. In  sore i n . t  -r.ces i t  has beer: r epo r ted  t i n t  carbohydra t e s  have

t:;e oppos i te  e f j c c t ,  t u n t  in  ole ce os CwecKing the  proe.ucf.or) of a.i...ori c

in  o ro te in  d i g e s t ,  i t  i n c rease s  file produci.ion and e n a l i - s  the bacteria.

t o  u t i l i s e  more p ro te in  . Ce;imiration ana uecarboxyle tion  s re  due to

c e l l  enrymes and not dependent upon errbohydro te  con ten t .

Xanthine w?£ added to  the  mixture o s  a r e s u l t  of the f ind ings  of 
?5

S ne l l  & Mitchell*'  ”, they r e p o r t  t h a t  the  purine bases ,  adenine,  Guanine,

y a r; t h in e  and ttie nyrimidine ba.se u r a c i l  are growth promoting substance

f a r  t ’".e l a c t i c  *, cin h rc + e r ia .  »'snrr'ngine vr. s a lso  added. Fenny and 

Mct ro rg  found t h a t  i t  vr s an s.id in  a c c e le r a t i n g  growth e sp e c i a l l y  m  

-t ;,e f r r l i e r  o a r t  of the Incubr t i o n  per iod .

As a r e s u l t  of  the  amino ocici requirement s tu d i e s ,  i t  vvas poss ib le  

t o  formula te  f o r  toe a say medium, the amounts of ea.cn cmmo a.ciu t e a t  

rave maximum growth r e m i t s ,  A s t e e l  mixture of the amino ccio.s in t h e i r  

r a t u r a l l y  oceur ing o o t i c a l  forms (wnere racemised forms are  used trie 

amount i s  doubled) , plus  adenine ,  guanine , u r a c i l ,  xan th ine ,  apparngine,  

v'tss thoroughly  mixed and oreparec in  p ropor t ions  .according to  Table i l l .
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TABLF I I I

Cystine  1- £.500 gms.

Adenine 0.025 gms.

Guanine 0.025 gms.

U rac i l 0.0£5 gms.

Xanthine 0.025 gms.

Tryptophane 1- £.500 gms.

Aspnragine l .£ 5 0  gms.

Glutamic ncid Of 5.450 gms.

Arginine monohydroehloride I f 1.500 gms.

Aspar t ic  a c id  d 1 £.050 gms.

Leucine 1- 1.200 gins.

I so le u c in e  d 1 £.500 gms.

Phenylnlenine  d 1 1.950 gms.

Al.enine d 1 .900 gms.

. . . L y s i n e ,  . T i p i j o h y ' d x ^ Q c h l o r i d e , , , ] .  , . f  : , ,  _ _ , Jy90O gms..,;

Serine d 1 0.250 gms.

H is t id in e  mnnohydrochloride 1 f 0.650 gms.

T nr ermine d 1 0.750 gms.

Valine d 1 5.950 gms.

methionine d 1 1.550 gms.

^ r o l in e  1 - £.000 gms.

Hydroxy p r o l i n e  1 - 0.050 gms.

Glycine 0.100 gms.

Glutamic ac id  monoliydrote d 1 2.625 gms.

Tyrosine 1- 1.625 gms.

Totn l 57.050 gms.
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This  combination o f  amino ac ids  produced the beet r e s u l t s  on vitamin 

a ssay s .  The s tock  mixture brts beer meat secure ly  capped in  an amber 

b o t t l e  fo r  s ev e ra l  months without any apparent d e p re c ia t io n .  This 

amount in  the p ropor t ions  'named it, s u f f i c i e n t  to  produce £500 cc.  of 

double s t r e n g th  amino ac id  basa l  medium. The basa l  medium i s  prepared 

cis fo llows;

Amino acid mi> tvrre 7.410 gms.

Glucose 3 0.000 gms»

Bod i urn n.cet■3 te 10.003 gms.

B«lt  S o l . A* 5.000 cc.

S a l t  So l. P-:k - 5.000 cc.

Water to 1.000 cc.

pH ad jus ted  to  6.8

*The inorgan ic  s a l t  so lu t ions  ore the same as previous ly  
r e p o r t e d .

To complete the medium the vitamin c o n s t i t u e n t s  were .added in  the  

fo l iow iry  amounts per 103 c c . ;

Stock Solu t ion  gamma per 100 c c .

R ibof lav in  (130 ganma/cc. in  3.2N a c e t i c  acid) 0 .2  cc .  or 20 gamma

Cn. panto thenate  ( " in  wafer ) 3.1 cc .  or 10 "

- i c o t i r i c  acid  ( " ,f ” ) 0.1 c c - or  10 "

Thiamine HC1 ( " " " ) 0.1  cc.  or  10 "

Pyr idoxine ( " " ) 0.}. cc .  or 10 "

B io t in  (0.2 gamma/cc. Tl " •) 0.2 cc.  or 0.04 "

The b a sa l  medium gave e x c e l l e n t  r e s u l t s  on acid production with 

L. a.rabinosus bu t  not with h .  case i .  Using t h i s  medium and omit t ing
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one of  the  v itamin c o n s t i t u e n t s  in  t u r n ,  i t  was found t h a t  in  using 

L. a r a t i n o s u s  a s  the  t e s t  organism no growth occurs on the  omission 

of n i c o t i n i c  ac id  o r  b i o t i n .  Some growth was noted on the  omission 

of calcium p a n to th e n a te .  I t  fchov s c l e a r l y  t h a t  L. a r a t i n o s u s  does 

not r e o u i r e  r i b o f l a v i n , pyr idox ine  and th iamine .  This medium mas 

used mith good r e s u l t s  fo r  the  assay of  n i c o t i n i c  a c id  and b i o t i n .

The f a i l u r e  to  e s t a b l i s h  growtn vat-h L. c ase i  c l e a r l y  shows t h a t  

some c o n s t i t u e n t  o r  c o n s t i t u e n t s  f o r  growth, i s  l a c k in g .  For the  

purpose o f  i n v e s t i g a t i o n  v a r io u s  subs tances  were used in  con junct ion  

with th e  b a sa l  medium.. Nucleic acid  was auued to  the  medium with the  

thought  i n  mind t h a t  i t  might supply the  r e q u i r e d  f a c t o r  as a carbo­

hydra te  o r  s. lack ing  pur ine  o r  pyr imidine base.  l e a s t  supplements
3 3

”-ere added to  th e  medium as  rt’epsu'ed by s t ro n g ,  Feeny and Zar l  . In  

the  a d d i t i o n  o f  the Strong and C a r p e n t e r ' s  y e a s t  supplement ( e q u iv a l ­

e n t  t o  20 mgs. o f  whole eu to ly red  y e a s t  per  10 c c . )  the  above medium

  ~  -

This  w i l l  give p r a c t i c a l l y  a s y n th e t i c  neaium o f  known chemical

composit ion f o r  m ic ro b io lo g ica l  a s s a y .  The replacement of  the  y e a s t  

supplement by f a c t o r  of ■mown composi t ion would g ive  an e n t i r e l y  

s y n th e t i c  medium of  chemically  de f ined  composi t ion.
O t

S n e l l  and Peterson*"1" found t h a t  t . c a s e i  r e q u i r e d  two s ep a ra te

f a c t o r s  fo r  growth ob ta ined  from, y e a s t  e x t r a c t  by abso rp t io n  on N o n t  

A. They termed these  f a c t o r s  the  " f i l t r a t e ” end " e lu a te "  f r a c t i o n s ,  

Landy and Dicker. r e p o r t  b i o t i n  as a growth f a c t o r  e s s e n t i a l
31

f o r  L. c a s e i .  They employed the b a s a l  medium of  S n e l l  and Pe te rson

modif ied by the  replacement cf the  t fo r i t  e l u a t e  f r a c t i o n  with f o l i c
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a.cid in  e x ces s .  They found t h a t  b i o t i n  would rep lace  the  f i l t r a t e

f r a c t i o n  and produce e q u iv a l en t  growth. They a l so  found t h a t  the
34

amount of  b i o t i n  used by S n e l l  and P e te r s o n  was i n s u f f i c i e n t  to
36

support  maximum growth. M i tc h e l l ,  S n e l l  and Viillinms a l s o  r e p o r t  

f o l i c  a c id  as a f a c t o r  s t im u la t in g  growth f o r  L. c s s e i . These f in d in g s  

sugges ted  the use of f o l i c  ac id  ?nd b i o t i n  in  p lace  of  the  y e a s t  

e x t r a c t  a s  a growth f a c t o r  f o r  L. ense i .  The formula o f  the  complete 

medium i s  g iven  in  Table IV. Best  r e s u l t s  are  obta ined with t h i s  

medium when f r e s h l y  p r e p a r e d . Heating on p. steam ba th  f o r  a sh o r t  

pe r iod  a id s  in the  s o lu t io n  o f  the  amino a c i d s .  This should be done 

be fo re  the  a d d i t i o n  o f  the  v i tam in s ,  A s l i g h t  sed im enta t ion  and 

t u r b i d i t y  may remain which c m  e a s i l y  be removed by f i l t r a t i o n .  The 

amount of g lucose  and sodium, a c e t a t e  {,%%) i s  double t h a t  used in  the  

S n e l l  and Strong medium. These -'mounts g ive  bettei* r e s u l t s .  A ll  

v i tam in  s o l u t i o n s  should be f r e s h l y  p repared .  (U .S .P .Reference)

were used, in

«nd amino ac id s  were ob ta ined  from Merck and C o m p a n y ,  F o l i c  a c id  was 

k in d ly  supp l ied  by R. J .  Wil l iams, Department o f  Chemistry,  U n iv e r s i ty  

of Texas.

The a ssay  procedures  a re  p r a c t i c a l l y  the  same as in  o th e r  micro­

b i o l o g i c a l  a s s a y s .  For any one e s s e n t i a l  vi tamin  a Quantitative response  

to  growth and acid p roduc t ion  was found to  be c o n s i s t e n t l y  p ro p o r t i o n a l  

to  th e  amount o f  v i tamin  supp l ied .  I n  making the  assay f o r  any one v i t ­

amin, the  v i tamin  under t e s t  is: omitted from the  b a sa l  medium. The 

b a sa l  medium p rev io u s ly  mentioned i s  of  double s t r e n g th  and only 5 cc .  

ip  r e q u i r e d  f o r  e rch  c u l t u r e  tube ,  .Assay? '••re c a r r i e d  out it! 5/8 x 6
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TABLE IV 

Complete ?£edium 

Amino a c i d  m ix tu re  (T ab le  I I I )

Olucose  

Sodium >

S a l t  S o ln .  A 

S a l t  S o ln .  B

R i b o f l a v i n  (100 gamma/cc. i n  0.2N a c e t i c  ac id )  

B i o t i n  (F ree  a c id )  0 .5  ge- ima/cc. i n  7’h t e r  

S a l .  P a n t o t n e n a t e  (100 gamma/cc.)

N i c o t i n i c  a c i d  (100 gai&ma/cc.)

(100 gamma/cc.)

(100 gam na/ce . )

(10  gjimma./cc.)

t o

S o ln .  P y r id o x in e  

S o ln .  Thiamine 

S o ln .  F o l i c  a c id  

D i s t i l l e d  wa t e r

7 ,480 gms.

10.000 gms.

10.000 gms.

5 .0  c c .

5 .0  c c .

£ .0  cc .

10.0  cc .

2 .0  cc.

2 .0  cc .

4 .0  cc .

1 . 0  cc .

1 .0  cc .  

500 c c .

pH a d j u s t e d  to  6.8
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in c h  c u l t u r e  tu b e s .  D u p l i c a t e  tu b e s  a r e  s e t  up i n  th e  range o f  concen­

t r e  t i o n  r e q u i r e d  a s  s t a n d a r d .  C o n ce n t ra t io n s  of th e  v i tam in  i n  q u e s t i o n  

in  amounts to  meet the  r e q u i r e d  range ? r e  added to  the  c u l t u r e  tubes  and 

brough t  to  a volume of  5 c c .  w i th  d i s t i l l e d  w a te r .  (The s o l u t i o n  must be 

o f  such a c o n c e n t r a t i o n  t r o t  t h e  h i g h e s t  r e q u i r e d  amount w i l l  be con ta in ed  

i n  no more t a a n  5 c c . )  F ive  c c .  of b a s a l  medium i s  th e n  added to  each 

tube  to  b r in g  the  t o t a l  volume to  10 c c .  In  l i k e  manner s o l u t i o n s  o f  the  

ssmole under t e s t  a r e  o re  oa red .  The tubes  a r e  plugged with c o t t o n  and 

s t e r i l i z e d  a t  f i f t e e n  pounds o r e s s u r e  f o r  15 minu tes .  A f te r  coo l ing  tney 

a r e  p lan ted  with  a su sp en s io n  o f  L. c a s e i  and incuba ted  a t  57°C. f o r  7Sc 

h o u rs .  A f t e r  i n c u b a t io n  the  s c i d  p ro d u c t io n  i s  de te rmined by t i t r a t i o n  

with 0 .1  N. W&OH. Values o b ta in e d  with the  s tandard  s o l u t i o n s  a r e  s e t  

up i n  a s tan d a rd  curve from which th e  v i ta m in  co n ten t  of  any d i l u t i o n  o f  

sample may be c a l c u l a t e d .

The s tock  c u l t u r e  i s  c a r r i e d  i n  y e a s t  d ex t ro se  agar s t a b s .  The

o r i g i n a l  c u l t u r e s  ware o b ta in e d  from th e  ^merican  Type C u l tu re  C o l l e c t i o n

o f  t h e  iTeorgetown t i n ' § c h o o T , v ffasffihg'E'oh^: tH’*" 'Tlie'"’c u l t u r e

used were L. a ra b in o su s  3014 and L. c a s e i  7469. The y e a s t  a g a r  s t a b s  a re
9

orepored k e n t  ac cording t o  the method of S n e l l  h S trong . I n  p l a c e  

of  o l a n t in g  i n t o  y e a s t  dex t ro se  b r o th  or  the  b a s a l  medium of  ^ n e l l  &

S t ro n g ,  p l a n t i n g s  a re  made i n  the  b a s a l  s y n t h e t i c  medium (Table  IV).  In  

t h i s  way t h e r e  can be no c a r r y  over  of any t r a c e s  of v i tamin  c o n te n t  from 

y e a s t  nr  c a s e i n  h y d ro ly sa te  to  i n t e r f e r e  w i th  t h e  a s s a y .  A f t e r  74 hour 

i n c u b a t io n  t h i s  c u l t u r e  i s  c e n t r i f u g e d ,  the  s u p e r n a t a n t  l i q u i d  i s  decanted  

and th e n  resuspended in  10 c c .  o f  0 .85  per  c e n t  sodium c h lo r id e  s o l u t i o n .  

One t e n t h  cc .  o f  t h i s  suspens ion  i s  used f o r  seeding  of  the  a ssay  tubes  

and c u l t u r e  tubes  under t e s t .  The b a s a l  medium used f o r  seeding  should



be f r e s h l y  p re p a red  i n  o rd e r  t o  o b ta in  4»ximu.n r e s u l t s . In  o r d e r  to  

i n s u r e  t h e  po tency  and to  p r e v e n t  s p o i l a g e  th e  b i o t i n  and the  f o l i c  a c id  

s r e  d i s s o l v e d  i n  s t e r i l e  d i s t i l l e d  w a ter  i n  th e  c o n c e n t r a t i o n s  named, 

rod a s e p t i c n l l y  t r a n s f e r e d  to  10 c c .  smoules.  These amoules n r e  th e n  

s e a le d  and used a s  occas ion  a r i s e s .  Care should  be e x e r c i s e d  i n  the  

s to r a g e  and t r .  a t .aent o f  t h e  v i t a m in  s o l u t i o n s ,  e s p e c i a l l y  r i b o f l a v i n .  

There should  be no undue exposure  t o  l i v h t  f o r  any l e n g t h  o f  t im e .  A l l  

t h e  v i t a m in  t e s t  s o l u t i o n s  should  be f r e e u e n t l y  r e o l a c e d  in  o rd e r  t o  

m a in ta in  t h e i r  potency and to  p re v e n t  d eco m o o s i t io n .

S tandard  cu rves  f u r  n i c o t i n i c  a c i d ,  b i o t i n  and ca lc ium p a n to th e n a t e  

r e s u l t  u s ing  L. n rnb inosus  acco rd in g  t o  t h e  fo l lo w in g  g ra p h s .

The fo l lo v d n g  s t a n d a r d  g rap h s  r e s u l t e d  f o r  r i b o f l a v i n ,  Calcium 

p a n t o t h e n a t e ,  b i o t i n ,  n i c o t i n i c  a c i d ,  py r id o x in e  and f o l i c  a c i d ,  when

1 . ca s e i  was used  a s  th e  t e s t  organism.

The v i t a m in  c o n te n t  of s e v e r a l  p ro d u c ts  o f  the  ! rhenta.uin D iv i s io n ,  

De P ree  Company, Hol land ,  liic l iguu vu-, dett-rmined by t h e  sugges ted  assay  

p ro c e d u re .  Be s u i t ?  were w e l l  i n  agreement with o t h e r  e s t a b l i s h e d  micro­

b i o l o g i c a l  and spec t r o  oho t o m e t r i  c a s s a y  methods.  A more l i n e a r  curve 

aooenred to  r e s u l t  from t i e  use  of  t h i s  method. In  soue cases  p e r f e c t  

b lanks  were n o t  o b t a i n e d ; however,  b lanks  e q u i v a l e n t  t o  on ly  1 .0  c c .  o f

0 .1  K a c i d  w i l l  n o t  g r e a t l y  i n t e r f e r e  w i th  a c c u r a t e  a ssay  d e t e r m in a t io n s  

The p roduc ts  t e s t e d  were a l l  w a ter  s o lu b l e  and in  f r e e  form. P ro d u c ts  

in  Which the  v i t a m in s  a r e  in  combined form would r e q u i r e  s p e c i a l  hydro­

l y s i s  p re v io u s  to  m i c r o b i o l o g i c a l  a s s a y .

The fo l low ing  g r a p h s ,  i n d i c a t e  t h a t  the  procedure  i s  a d a p ta b le  

and n m c t i c n l  f o r  a ssay  p ro d u c ts  o f  t h i s  n a t u r e .
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DISCUSSION

The amino a c id s  e s s e n t i a l  f o r  grovrth find ac id  production  of  the  

l a c t i c  acid  b a c t e r i a  have been demonstrated through c a r e f u l  s t u d / .  I t  

has  been shorn t h a t  the  amino a c i d s ,  in  the  combination and q u a n t i t i e s  

shown, are  more e f f i c i e n t  than the r e g u l a r  h y d ro ly sa te s  o f  c a se in  in  

m ic ro b io lo g ica l  a s s a y s .  Determinat ions  were .made by a d e t a i l e d  orocess  

o f  a d d i t io n  and e l im in a t io n .  More than f ive  hundred combinations of the 

amino ac ids  have been i n v e s t i g a t e d .  The s im ples t  combination t h a t  w i l l  

oroduce ° good growth c o n s i s t s  of  the  followings 9 amino ac id s ;  

t ryp tophane ,  c y s t i n e ,  g luUmie  a c id ,  v a l i n e ,  t y r o s i n e ,  t h e o n in e , leuc ine ,  

i s o l e u c i n e  and a r g i n i n e .  l r e « t e r  a c id  -nroduction and h igher  growth 

l e v e l s  a re  a t t a i n e d  by the  use of a l l  the  smino ac ids  shown in Table I I I .

No r e s u l t a n t  growth occurs  on the  omission of any one o f  the 

fo llowing amino a c id s ;  t ryp tophane ,  c y s t i n e ,  g lu tamic  acid  o r  v a l i n e , and 

s u ' ,re s t s  the  p o s s i b i l i t y  of m ic ro b io lo g ica l  d e t e c t  ion and de te rm ina t ion  

o f  these  a c id s .

^nd f o l i c  a c id  had very  l i t t l e  e f f e c t  upon tn e  growth and ac id  production  

o f  L. a rah inogus , while the  omission of  n i c o t i n i c  a c id ,  pan to then ic  ac id  

and b i o t i n  r e s u l t e d  i n  no growth. The omission of  any one o f  these  s i x  

f a c t o r s  above r e s u l t e d  in  no growth response f o r  L. e a s e l . This would 

In d i c a t e  t h a t  L. s .rabinosns does not r e q u i r e  r i b o f l a v i n ,  pyridoxine or 

f o l i c  ac id  bu t  t h e t  L. ea se l  does r e q u i r e  a l l  s ix  of the vitamin  f a c t o r s  

as  r i b o f l a v i n ,  o&ntothenic a c id ,  b i o t i n ,  n i c o t i n i c  a c id ,  pyridoxine and 

f o l i c  a c id .



No r e s u l t s  were obta . inab le  i n  th e  case  of  th ia m in e .  A m ic r o b io lo g i c a l  

a s say  01 t h i s  f a c t o r  i s  d i f f i c u l t  due to  the  f a c t  t h a t  i t  i s  e a s i l y  d e s t royed  

and w i l l  n o t  s tand  a u to c l a v in g  a t  IB pounds p re s su re  f o r  15 minutes.. . Assay 

of  t h i s  f a c t o r  may De r e a d i l y  accomplished by spec t ro p h o to m et r ic  measure­

ments us ing  t h e  t.hiochrome method v.l th t h e  a d a p t a t i o n  o f  th e  Hennessey and 

Cerecedo oroce■ i u re .

•‘• reced ing  g r - p h s  s h o w  t h a t  growth and ac id  p ro d u c t io n  a re  p r o p o r t i o n a l  

to  the  c o n c e n t r a t i o n  o f  the v i ta m in  under t e s t .  The amount o f  v i tam in  

necessa ry  f o r  grcv.th v a r i e s  with each v i t a m in .  Only very minute amounts 

a re  r e q u i r e d  i n  each case  and the  t e s t s  a re  ve ry  s e n s i t i v e .  P a r a l l e l  ' 

eo mo nr  Ison vh.tn r e s u l t s  o f  o t h e r  methods o f  th e  v i ta m in  a s sa y s  f o r  the  

v a r io u s  f a c t o r s  now in use a r e  i n  c lo s e  ag reement . A s l i g h t  v a r i a t i o n  i n  

th e  extreme uooer and l o n e r  c a r t s  o f  the  curve  may occur ;  however,  t h a t  

o o r t i o n  o f  th e  curve  which i s  l i n e a r  i s  r e l i a b l e  and only .can be used f o r  

the  c a l c u l a t i o n  o f  assay v«1uhs. In  the  ex o e r im en ta t io n  throughout t h i s  

o°r»er a l l  t e s t s  were run in  t r i o l i c a t e  in  o rd e r  to  o b t a in  r e l i a b l e  checks.

" The use of  Leuconos toc  m esen tec l o i a e ' b as  fa i 'h-bvorganism: was ' a i s e ' ...

t r i e d .  I n  some in s t a n c e s  i t  -mve promise t h a t  i t  could be used bu t  r e s u l t s  

were n o t  e n t i r e l y  s a t i s f a c t o r y  when used in  combinat ion w i th  the  orooosed 

medium. L. e a s e l  gave by f a r  the  most s a t i s f a c t o r y  r e s u l t s .  L. a ra b in o su s  

can only  be used f o r  t h r e e  of t h e s e  f a c t o r s .

The procedure  ’"as been g r e a t l y  s i m p l i f i e d  by the  use  of th e  amino 

ac id  com bina t ion .  The t ime and e f f o r t  r e q u i r e d  f o r  t h e  hyd ro ly u a t io n  of  

c a s e in  has been removed cud th e  r e s u l t s  a r e  more c o n s i s t e n t .  The use of  

th e  y e o s t  nunolfiTient a l s o  h s ” been done away wi th ,  ’f h i l e  x-:e nave no 

f i g u r e s  on the  c o s t  d i f f e r e n t i a l ,  the  expense in c u r r e d  should no t  g r e a t l y
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exceed the  c o s t  of R medium using hydrolyzed c s s e ln  end y e n s t  e x t r a c t .  

The sore o f  p re o n ro t io n  would f o r  o f f s e t  «ny s l i g h t  in c re a se  i n  c o s t .
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COHCLUSION

A medium hn ■ been produced c o n s i s t i n g  of e n t i r e l y  known chemical 

o o o o o s i t i o n . The orocedure  hos been g r e a t l y  s i m p l i f i e d  by th e  use  o f  

the o rem ix lu re  o f  ,-amino ac'ido -aid o t h e r  r e q u i r e d  compounds. h .  c a s e i  

may be used  f o r  t h e  s i x  v i t a m in  a s s a y s .  R e s u l t s  a re  .uore a c c u r a t e

and r e l i a b l e  ' s. t i e  i n t e r f e r e n c e s  n a t u r a l l y  o r e s e n t  i n  h y d r o ly s a t e s  

■v‘ c a s e i n  r o * s t ,  end oentone are  n o t  o r e s e n t .  The medium p r e s e n t s  a 

Gimole procedure us ing noun chemica l  co.-apounas and a s i n g l e  t e s t  

organism f o r  t h e  a s s a y  o f  t h e  s ix  most im p o r tan t  v i t a m in s  of  t h e  B 

c o m l e x .
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