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IX

lUSWiUCAL

The l i t e r a t u r e  m. th e  m b  Joe* o f b a c te r i a l  p ro te o ly s is  reveals- t h a t  

t e e  mfedn ro u te s  o f in v e s t ig a t io n  h a w  been pursued %  th e  worker* in

t h in  f ie ld s

(1 ) thm b a c te r ia l  c u l tu re  f i l t r a t e ®  were be»t#d fo r  p ro te o ly t ic  
a c t i v i t y  by t h e i r  a c t io n  ©a p ra te !z te - iiid ire e b  method*

(2 ) 1!he b a c te r ia  were grosrn d i r e c t l y  m  th e  t e s t  p ro te in s  and 
t h e i r  p rc te o ly t io  a c t i v i t y  t e s te d  th o re e r .-d ire c t  method*

th e  p reponderan t amount o f  a v a i la b le  dab* i® concerned w ith  th e  

i n d i r e c t  » th © d  o f  de te rm in ing  th e  a c t i v i t y  o f  f i l t e r a b l e  p ro te a se e , 

w h ile  few in v es tig a to r®  have cmasdned th e  d i r e c t  a f f e c t  o f  l iv in g  

b a c te r ia l  c a l l s  on p ro te in  s u b s t r a te s •

As eng th e  f i r s t  wo rise rs in  th e  f i e l d  were U ruutea and tiaetfadysn 

i lS S t )  who a c te d  th a t  b a c t e r i a l  f i l t r a t e ®  war® e a ta b le  o f l iq u e fy in g  

f i b r i n  and g a la  t in *  Fermi (1SO0) dem onstra ted  eoaoelustvwiy t h a t  an 

a c t iv e  p ro te o ly t ic  enaysaa can id  be o b ta in ed  from a s t e r i l e  c e l l~ f r e s  

f i l t r a t e  o f th e  medium In  which a  b ac te riu m  had grown*

&ednbridge Cl911) re p o r te d  cm th e  d i r e c t  u t i l i s a t i o n  o f  pare  .p ro te ins 

by a e ro b ic  b a c te r ia *  th e  p ro te in s  c o n s is te d  of egg album in, a lk a l i  egg 

albumin o r ho rse  serum In  0*1~0.6 per c e n t © saeentrefciens* which were 

eombinod with * sim ple  in o rg a n ic  s a l t  b§,«®* f o «  o f  th e  b a c te r ia  

te s te d  were E# e o l i  oeeaaunis^ f* parotaua,  Rtsfdtoyoeeetts a u re u s , and

is** U t i l is a t io n  o f the protein  by the organisms was indicated*

i Bacterial aemeaelature in t h i s  id e a ls  is written in the same moaner 
me i n  th e  original re fe re n c s*  Trams p o s i t io n  o f th e  nom enclature in to  
th e  sso&era tcrm tm olcgy i t  ren d e red  to e  u n c e r ta in  to  th e  ebeene© o f  
any u n iv e r s a l ly  accep ted  system  o f  nom enclature in  th e  e a r ly  year® o f  
b a c te r io lo g ic a l  1 ite ra b u re *

In  t h i s  reference and o th e r s  th e  g e n e ric  names o f  mom b a c te r ia  
a re  a b b re v ia te d  and a re  a c t  reco rded  l a  t h e i r  e n t i r e t y  In  any p o r tio n  o f 
th e  re fe re n c e s*



a

by  th e  in e ra a se  of th e  b& eberial p o p u la tio n  as determ ined by  p la t#  

eeunte* ^ « t* o ly M e  activity d a ta  m® o b ta in ed  by p re e lp lb a t lo n  of u»-* 

a l t e r e d  p ro te in  -with ta n n ic  &&id and w eighing, alas? by fc^®Xdmhl 

d e te rm in a tio n *  of so lub le  i»ad p ro te in #  ue observed t h a t  when th e  ia o e u la  

w ars sm all th e re  m s  ioiw  evidemoe ©f b a e te r la l  m l  t ip i ie & t io n .  ^h#n 

th e  ia o e u la  were large .hw®iref* th e  b a c te r ia l  saraher® dim inished* This 

was assunsd by hiis to urn due to  th e  presence of t r a c e  amounts of non-* 

p ro te in  nitarogenow.# m a tte r  In  th e  medium* £rlmeos« c o n c e n tra tio n s  fro® 

u*0-1*0 per cent had l i t t l e  influence oa protein utilisation# m 

concluded that th e  organism s could not a t i l l s *  the native protein as a 

n u t r ie n t  when i t  re p re se n te d  th a  sole nitrogen «eyre©#

1' r̂u îoBd (1914) beeaias in te r e ste d  in an organism ressmhl tag  

rreteua sp» which he Iso la ted  from. aetr&ge sludge# i t  liq u e fie d  g e la t in  

rap id ly  arid m® oapable ©f secre tin g  the ensyme g e la tin d se  groan

in  n u tr ien t g e la t in ,  peptone water or peptone brotfe*

la  191S Sparry and fcetbger ©enduebed a s tudy  on bn® gr©wth of 

b f te te r la  on p u r if ia d  p r o te in s ,  which was so- en largem ent an the  p rev ious 

work by ftalabridge*  fhe |a r iJ f l* d  p ro te in s  «o a s is  te d  o f  egg album in, 

serum album in, and e d e s t in  which war© s t e r i l i s e d  by n i t r a t i o n  through 

a e rk ^ fe id  f i l t e r *  C e n ae n tra tia aa  o f 0#£~Q«8 per s e n t  o f th e  protein®  

wore mixed w ith  & s u i ta b le  s a l t  s o lu t io n  and served  a® th e  medium* 

P ro te o ly t le  a e t i v i t y  was e h ia f ly  measured in  term® ©tf in c re a se  in  th e  

b a e te r ia l  .population* fhe  a f t t iv t ty  was f u r th e r  te s te d  by p r e c ip i ta t in g  

th e  r e s id u a l  p ro te in  and weighing* th i r t e e n  organism s were te s te d  

in c lu d in g  B* a ^ tfe ra e ia , £* ffrodf&iomis* b# p u li  ©rum* and k# p ro to n s 

vul& aris* th ey  concluded th a t  th e  b a c te r ia  were unab le  to  deeesspea©
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pretelae* whether animal or vegetab le  In o r ig in , and th a t p r o te o ly s is  

eoaXd eecur in  the preeonee &i peptone or seme other nitregeraro* m aterial*  

r-iehl (1919) reported on the a c t iv i t y  o f cu ltu re  f i l t r a t e *  of  

JL* pyoayeiaaua* B* .prodiftioeu** and £• sivfatlliis*. 00 ea se in  and gel** tin #

M%mu grows, on media lack ing organic n itrogen , the organism* prmdue*d no 

probeae* in  the ©ul tur© f i l t r a t e s *  iimmr®r§ ahan grown on g e la t in , eaaein , 

and n u tr ien t broth , the cu ltu re  f i l t r a t e *  contained e s i ^ i i  which wsmld 

d ig*at hath g e la t in  and eaeein* The te a t  method c o n sisted  o f  adding 

a i l  quote o f the e*ll"»fr*e f i l t r a t e *  to  the te a t  protein  ansi when su ita b le  

periods had ©lapsed, the resid u a l protein  was p rec ip ita ted  fey aeld  and 

then weighed*

Bovine and C arpen ter (1929) s tu d ie d  th e  a c t i v i t y  o f  ? b a c te r ia l  

a pee le a  when green on a medium c o n s is t in g  o f per s e n t  g e la t in

supplem ented w ith  0*1 per c a n t peptene« P ro te o ly t le  a c t i v i t y  was d e te r*

mined fey form al t i t r a t i o n *  ansi v i s c o s i ty  measurements* Three type® o f  

m otion mmrm id e n t i f i e d !

(X) The g e la t in  was not Xiqsiafied*
(2 )  The g e la t in  we* p a r t i a l l y  liquefied and aeeem psnied by

s l i g h t  in c re a se *  In  th e  ferm oi t i t r a t i o n *
(8 ) The g e la t in  wma com plete ly  l iq u e f ie d  and accompanied 

by narked i.novmmm In th e  form al t i t r a t i o n *

G en era lly  th e  v i s c o s i ty  was found t o  drop feefore th e  fo n eo l t i t r a t i o n

began to  r i s e ,  and the  a b i l i t y  to  l iq u e fy  g e la t in  was n o t  always

a s s o e ia te d  w ith  a b i l i t y  to  decompose Hi# g e la tin *

‘aksaae an# (1928) -wide a  d e ta i l e d  study  on th e  p ro teo*

l y t i e  a c t i v i t y  o f  &* serous ma. B* fluoresoen s when c u ltu re d  ea ossein*

The medium eo a* l* ted  o f a 1*0 per ©ant c a se in  eosfcined w ith  *0  in e rg a a le

* a l t  so lu tio n *  The e ase  in was esapleyed a* th e  so le  sm ro e  o f  n i tro g e n ,

or as the combined nitrogen  and e a r to n  source# Analy t l e a l  data war*

obtained for  t o t a l  n i t ro f^ n  by th e  X Jeldahl method, ammonia n itro g e n  by



«

th e  F e l la  w th o ^ i  and amino n itro g e n  by th e  w  Siyli# beetmie* The 

d a ta  from thm** ta p e r  1 meats shewed t h a t  B# cmbtsus could de~

©o*tnow ea#eln  most r a p id ly  b u t  t h a t  jU f lu  ora seen# was mmblm t o  

deeeiitpose esso in*

In 1&26 Mm.4m.ll and Keith studied  fell# p ro iee ly b ie  se t!o n  o f  

B* pretaus f i l t r a t e s  on & g e la t in  substrate* they compared th i#  n o tiv i*  

t y  w ith th a t o f pepsin and tryp sin  and found th a t the b a c ter ia l enayne 

wits most ae tira#  fu rth er  when the organism was grows in  a medium 

contain ing u t l l t s a b le  rarbehydrate* the ensywe although present in  the  

f i l t r a t e ,  w e  found to  he in ms 1R estive sta te*

M e rrill and Claris {192%} re p o rte d  on th e  f a c to r s  which a f f e e t  

g e la tin e s #  p roduction  by P roton8 aft* when grown under v a rio u s  c o n d itio n s  

o f  incubation*  The in f lu e n c e  o f a c id ity #  a e ra tio n *  th e  praeenoe of 

o a le ltm  end ragaeetum  s a l ts *  and th e  com position o f  th e  medium was 

s tu d ie d  in  d e ta i l*  P ro te o ly s is  was te s te d  by growing. P ro teus sg» cm th e  

■test medium, removing an a l iq u o t  and sdtatlag w ith  g e la t in  f a r  a  g iven 

p e r io d , then  n o tin g  th e  j e l l l a g  tim e o f the  g e la tin *  I t  was observed 

t h a t  & peptone medium a t  pH ?**$ r e s u l te d  in  optim al g e la tin e s #  pfodue** 

t l m  * Tli# p roduction  of g e la tin e s #  m s  feuad to  ia e re a s e  with, is e re a se d  

a e ra tio n *  and a o tiv #  p ro te o ly t ic  n i t r a t e #  could  be o b ta in ed  from 

e y a th r t l s  media i a  th e  preeemee o f calcium  and magnesium s a l ts *  They 

a ls o  no ted  in  many in s ta n c e s  th a t  i w  though a  medium m e  capab le  of 

su p p o rtin g  good growth o f the  organism , y e t  a© g e la tin e s #  a e t iw ity  would 

be detected*

In  1930 fiiXmm  s tu d ied  th e  ln f lu e n e e  o f medium com position  on 

p ro te a se  p ro d u c tio n  by B a s i l ju s  s u b t i l i s  and faeudeawna# a e ru g in o sa .

The a c t i v i t y  o f  th e  o e li- f re ®  f i l t r a t e s  was te s te d  on g e la t in  and ease  in* 

She noted  t h a t  p re te a s#  p ro d u c tio n  by th e se  b a c te r ia  was a  p roses*  o f the
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ssutiaim  e s t iv a t io n  when added to  the  pro te a se  f i l t r a t e *  tftieae ro a u lt*  

were p a r t i a l l y  e'fmtinmd by van HeyningeR (1940) who t h a t  th e

e x t r a c e l lu la r  p ro teo se  o f  Cl* h ia te ly t to u i i  woo a c t iv a te d  by e y e te lae*nwwwmtu ■ iswmn»i»flUM»w»nu~ Mwin .*3fo»anmmrwm  m> mm  ■ w'

i.Mwizm and Shaw (1924) s tu d ie d  th e  p r o te o ly t ic  & o titrl%  o f 4 us** 

id e n t i f i e d  th e rw s p h ilie  organism s* fh® e rg a s is a e  were c u ltu re d  on 

10 par c e n t g e la t in  supplem ented -with 0*1 pa r c e n t peptone* The 

Sooos^kmiition o f th e  g e la t in  medium by th e  th erm o p h ils  woo determ ined 

by forw ol t i t r a t i o n s  and v i s c o s i ty  naasurem eats* Marked p ro te o ly t ic  

a c t i v i t y  woo noted  f o r  a l l  tfcs thermo p h i l i e  organism s*

Chopra (X94§) eaeawlxied th e  in f lu e n c e  o f  carb o h y d ra te  on th e  prodwe* 

tic®  o f  protonoo by a group o f  hh ey n o p h llle  organ.i*iae in c lu d in g  

B* tfeeraaophilus* £* c c rc1 d ic r» o p ^ ltta# and B* th e ra o a o id u ra n s* "'-hen th e se  

organism s wore grown, on a 2 .per c o a t carb o h y d ra te  b ro th  and tho c e l l*  

fro© f i l t r a t e  te s te d  f o r  p r o te o ly t ic  n e t iv i ty  on g e la tin *  a marked do* 

c re a se  i n  p re te n se  a c t i v i t y  woo noted* The ca rb o h y d ra te  b ro th  c u l tu r e  

was then  e e n tr ifb g a te d  and tho b a o to r ia l  ©oil© se pa ra ted  from th e  

f i l t r a t e *  Ho then  to o to d  th o  p ro te o ly t ic  a c t i v i t y  o f th o  whole c u ltu re *  

th#  e e l I s  and th o  c e l l - f r e e  f i l t r a t e *  Marked a c t i v i t y  was found to  r e  old# 

i s  th e  whole c u l tu r e  and in  th o  e e l  l a  b u t n o t in  th e  « e ll* fr® o  f i l t r a t e *

He concluded t h a t  a lP lough  th e  b a o to r la  had e la b o ra te d  p re te a a s  in  th e  

carbohydrate  medium* th© ensywe waa In t im a te ly  combined w ith  th® c e l lo *  

l a r  c o n s t itu e n t*  and was n o t re le a s e d  to  th e  f i l t r a t e  whoa tho  l a t t e r  

was to o te d  f o r  a c t iv i ty *

i s  an o th e r paper Chopra ( I f4 6 a )  ©inspired th e  p ro te o ly t ic  a c t i v i t i e s  

o f f i l t r a t e s  fro m  8# th e rm cp h llu s* i* aeretfaerw o^hiiu»» and 

B* t l aerm oasidareas* The- c u ltu re  f i l t r a t e  and p ro te in  s u b s tr a te  were 

combined and in euba ted  a t  40 € aM  p r o te o ly t ic  a c t i v i t y  was determ ined 

by mean* o f  v lo e e e i ty  n sa su resisn ts  and van Slylm a n a ly se s  f o r  amino
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n itro g en *  ft# found t h a t  tho  yredneed a o ilv e  p ro te o se s

whieh eon Id  b« d e te s te d  In  the  e u ltu re  f i l t r a t e © ,  O p tiaa l a c t i v i t y  was 

no ted  when growth eeeu rred  In  th e  rang© ph ?~8«

The o r ig in  o f proto©*© deriv ed  from  ih e m o p h ils  «se in v e s tig a te d  

by Chopra (li>46b) * H« found th a t  th e  e&syroe was © a d ee e llu la r  in  

# iia ra o t# r  and appeared l i t  tit#  ozXturo f i l t r a t e  » X y  a© a r e s u l t  o f  th e  

a u to ly s ie  o f  th o  © ells#  G alelu*  and aogassluift sa lt©  war© ©beervwt to  

aetiw ftto  tho  p ro teo se  r a t t ie r  th a n  to  s t im u la te  th e  q u a n ti ty  o f  th e  

©noyn* prodtiood by th o  th e ra o p b iis*

A r e c a p i tu la t io n  of .tho l i t e r a t u r e  review ed ia d le a to s  t h a t  th o  

problem  o f b o e te r la l  p ro te o ly s is  hm# boon ©mmiaed In  two genera l way®. 

E ith e r  th e  e n t i r e  e u l ta r o  o r tho  e e l l« f r e o  f i l t r a t e  ho© been oxastiaed 

f o r  p r e te o ly t ie  a c t iv i ty #  Tho fo o t t h a t  bo th  apjpreaehe© itsiv® boos ©no- 

p leyed  by tho  w orkers I n  tho  f i e l d  wake* i t  so aaeh e t d i f f i c u l t  to  

e v a lu a te  th o  r e s u l ts #

A erob ic , anaorofeie* and bhereoph ilt©  b a c te r ia  hove hmmn oacanlnod 

f o r  p ro te o ly ii©  a c t iv i ty #  leortcor© h a re  uood such p ro te in *  a® g e la tin *  

©aaeia* f ib r in *  egg album in, hors© ©smtm* serum album in, e d e s t ln ,  sola*  

and g liad i.il l a  experim ents*  $®a» a n a ly t ic a l  p rocedures which ho*© boon 

employed in c lu d e  th e  K je ldah l d o to rn im tlo n  f o r  t o t a l  n itro g en *  Tan Slyke 

an a ly se s  n i  ferm ol t i t r a t io n ©  f o r  a«&no n i tro g e n , re e ld u a l  p ro te in  and 

a s^on l*  n itro g e n  d e te rm in a tio n s  * and v i s c o s i ty  Measuremcnte •

th e  ev idence f r e #  tho  l i t e r a t u r e  In d ic a te s  t h a t  seme b acter ia  w il l  

degrade n a tiv e  p ro te in s  whoa th e e #  are used  as th o  co le  eeuree of nltr©-» 

gen# Other organism s her© bees re p o r te d  a h ieh  w i l l  n o t degrade a s tir©  

p ro te in s  under th e  sane condition© • th e s e  n e g a tiv e  resu lt©  a ro  now 

s u b je c t  to  re # v a lu a tio n  in  view o f th e  itiwor knowledge o f  th e  v i ta a ln
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requ irem en ts  o f  b a c te r ia *  th e  h y d ro ly tic  pm**r o f am organism  c a r le s  

w ith  th e  p r o te in  te s te d *  An organism  m y  be capab le  o f  degrad ing  on# 

r»**oteim b a t  n o t ano ther*

In g e n e ra l sioeb o f tho organism s in v e s tig a te d  In  th e  literate,**# 

wore ©apabXe o f  prodsueixig p re te n se s  in  sim ple  c u l tu re  media* The ©a- 

$ | n  f e m M o a  was fevered b y  a n e u tra l  o r  s l i g h t ly  a lk a l in e  reaetlim  

o f  th o  medium* U n fe rtu n a te ly  asaoh o f th e  e a r ly  work wo.® done when the  

eoneept o f  pit and i t s  ap p lleab lsm  to  b a c te r io lo g y  had n o t y e t been 

f  © ra ils  te d  f consequently sons of the  ea r ly  r e s u lt s  way be j u s t i f i a b l y  

questioned* frobeae© p rodee tiesi cou ld  e>«ar in  e  s y n th e tic  medium in  

th e  presem©© of ealelum  and magnesium sa lts*  th e se  s a l t s  in  a non- 

s y n th e tic  medium appeared t o  e e t i e e te  preteas©  e e t lv i ty *  The fe r ro u s  

ion  in  eos& lnation  w ith  syste isse  appeared to  s t im u la te  the  p ro te o ly t le  

s e t i v i t y  o f  th o  aneerebi©  b a c te r ia *  th e  p resence  o f  d e x tro se  i n  « nwdium 

hod e i t h e r  l i t t l e  o r an adverse o f f s e t  ©a p ro te o ly t le  ©obi c ity *  In  th e  

ess#  of th e  bherraDphil* o t  le a s t*  i t  was sheen t h a t  th e  p re te n se  of 

carb o h y d ra te  r e s u l te d  in  th e  fo rm ation  o f s u f f i c i e n t  p re te a s e , b a t  th a t  

t h i s  p re te ase  was se eu re  Xw boa ad by c e l lu l a r  m a te r ia l  and s o t  re le a s e d  

to  th e  medium*

in  the  e a r ly  r e s e a rc h e s ,  the  in c re a s e  in  th e  b a c te r ia !  p o p u la tio n  

when groan on a n a tiv e  p r o te in  wms used a s  an index, o f  p ro te in  u t i l i s a 

t i o n ,  w ith  th e  im p lic a tio n  t h a t  p r o te o ly s is  had eeearrsd *  The evidence 

from th e  l i t e r a t u r e  in d ic a te s  t h a t  no s t r i c t  c o r r e la t io n  e x i s t s  between 

b a c te r ia l  m usters and p re h e e ly t le  a c t iv i ty *  in  g e n e ra l th e  d a ta  su g g est 

t h a t  th e  fo rm ation  of p r ©tea as i s  u s u a l ly  accompanied by tit©  dowelopmsat 

of f a i r l y  la rg e  b a c te r i a l  .populations*
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SS1RB1ALS A i \'l ui *£<S

Ctoltttros* Tho o rgan! Sfa m s  & 11 f l a t  sour** byp© of ^© rm ophil 

o r ig in a l ly  i s o la te d  from pea* and o ^ ta iiw d  fp (»  th o  l a t io n a l  Canrior* 

A sseo ia tlo ia , b o a riag  tho  do*ign*.ti©tt h* €* A# 1803+ lb  mas a  grase* 

p o s it iw s , sporogenou* rod growing a t  s^-66  C# %nt not- a t  5? c . fh« 

organism  was an o b lig a te  %h®nmpkril or sbsnothorm ophi 1 { im,mam®kl and 

Sola*©©* IM I)*  I t  «a® onosoa from a  group o f  11 ©feXXgat® bhorm ophlls 

on tho  b a s is  of i t s  a b i l i t y  to  dooomposo p ro ta ia  s u b s tr a te s  a s  d e te r -  

mlned by v is u a l  ©aausimtioxi# Tho p ro t®in  substrs i© *  lae lu d e d  g e la t in ,  

h o lso n 9s a lk a l in e  ©bopped s a s t ,  lim ans m ilk , ©gg mila»i*int i l w ,  and 

feeof blood seruia*

Glassware* lb© g lassw are in o lu d in g  Ron* ©altar© b o t t l e s ,  pi p o t to s ,

4 and 3S ©s ssrowwssp b o t t l e s ,  volume t r i e  flasks*, p o re e ia ln  f i l t e r  

funnel*  Cbola© Mo* 08), s in to ro d  gins® filters (C om ing ■- F) war© all 

en em ies!ly  ©leaned w ith  *3ua reg ia*  Mandlor f i l t e r s  (Mos* 8 , lb )  war© 

washed in  s o ld i f le d  0*1 per s e n t  .potassium  perm anganate s o lu t io n ,  

fo llow ed fey a 0*8 pmr so o t e x a l te  *t©id seX utlen* A ll g lassw are was 

f i n a l ly  r in se d  w ith  d i s t i l l e d  w a te r  and. s t e r i l i s e d  when r e q u ir e d ,  e i t h e r  

in  the i u to e l s w  o r In  the h o t a i r  ©ran in  th e  oustossary amatoer*

InaqbatlsKu A double -walled air ineufeftter ms used for all ©altar© 

work st IS c I 6*1 0* fcstienal sureea of Standards tested thermometers 

were in te r s p e r s e d  w ith  #3.® c u l tu r e  f l a s k s  to  ©hook tho  tem perature*

.^ o p e ra tio n  o f  Inoculum* Tho stock  on 1 t a r o s  and in o e u la  were grownjW>>*i-tfi»Wf»iWW 'lf'JiWli>,»1iiliiMiririlji©*» ■MTOiS'̂ PiwnlWiw*r«iiWî  iiiii>iiftiii»<iii«rr i . ***»

on media o f  th e  fo llo w in g  oom posltioas t ry p b ie a e e , Z*Q p&r m m t j y e a s t  

©setroot, 0*S per s e n t t  A&ei, 0.© par e o n tf  0*1 per ©anti agar*

i*f> ©or sen t*  C ss lto ae  was eee & ssien a lly  substituted for try p tie a s©  and
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in th e  m m  m a m a tretAcma* Culture® were grown em the stock 

medium agar slant®  and t r a n s f e r r e d  d a i ly  Cor 3 day® p r io r  to  p r« p » ra tio «  

o f  th© inoouluia* The growth fro  6*6 s la n ts  w*s h a rv e s te d  mmf suspended

lu  ® t#rU « d i s t i l l e d  water* The b« .o t# ria i © oils wmrm th a a  pool ad and

eetttrifuggated  a t  £500 r  $> m fo r 20 minute®* This waahing proemm was 

r«p«at®d S a d e iltl Of m l tim es and tho  final c e n tr ifu g a te  taken up in  

1 t.wg® ©l o f  a t a r i  1© d i s t i l l e d  w ater* T his suspension  c o n s t i tu te d  th e  

inoculum  waleti was d e liv e re d  in 1 ml amounts into Beux a il ta ro  f la s k s  or

4 oa serew -cap b o t t le #  c o n ta in in g  th e  media*

ftr^par&tion o f  te a t  ^ d i a  C onstituents#

St.ook Casein .S o lu tion * flbam in^frce e a se in  (Control %©*• 3060, 0601) 

■wt® o b ta in ed  .iron 'the a u tr l t io x m l h leehem ieale  C orporation* I t  was pr«s~ 

pared, in  6 and 10 per o ao t e o n e e a tra t ie n e  in  th e  fo l  lowiikft manner* r i f t y  

o r 100 g o f  ©aseim «»• «44®d to  a 2 L hooker ©eabaixitag 1000 id  o f  i0,f» 

Boreas#**1 s pheephabe b u f fe r  p i  7*0 vsee b«j©w)* The a d d it io n  ©f th e  easeim  

wet accom plished in  m s tepw ise  manner to- avo id  © lua^inr o f th e  c a se in  

p a r t i© le a f and in, a d d it io n  an a ir-pow ered  s t i r r e r  a ided  in  th o  s o lu b il  is *  

la g  process*  When th e  p a r t i c l e s  were tho rough ly  "wetted**, -the suspension  

was t r a n s fe r r e d  to  a  2 L t rlenm eyer f la s k  and tho f  leek  wee s to p p e re d »

The so lu tio n  was se a t  g en tly  heated fo r  a short w h ile  in  the Arnold 

s t e r i l i s e r  u n t il  com pletely d isso lved *  Tho eaaoin so lu tio n  was then ad*

,1»s te d  to pSi 7*0 by tho  a d d itio n  o f  40 per cen t tfaOH and f i l t e r e d  th rough  

f i l t e r  paper* One® again th e  easelx i s o lu t io n  was re tu rn e d  to  the  Arnold 

s t e r i l i s e r  to g e th e r  w ith  a com plete ly  assem bled Steadier f i l t r a t io n  

a p p a ra tu s  and both heated  fo r  a  sh ort period o f  tins® u n t i l  hot# th® 

f i l te r  a p p a ra tu s  was th e n  removed, swathed in  tow els to  p rev en t ra p id  lo s s  

o f  h e a t ,  and a tta c h e d  to  th#  vacuum l in e *  The c a s e in  s o lu tio n  was th en  

removed from th e  Arnold and s im ila r ly  swathed t e  p rev en t h e a t le s s*  The
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emoein e o la t io n  m #  then  f i l t e r o d  as rm pid ly  &a poosIble* I t  w t j  fmisd 

from expertefie#  th a t  bwotiaf; p r io r  to  f i l t r a t i o n  $rew*Kt«d 0X0 r la g  o f 

th e  f i l t e r  end en ab led  com plete f i l t r a t i o n  o f th e  eseelti*  Thio m o  ua* 

d eu b ted ly  duo to  th o  r o o t  th o t  th #  v to o o e ity  o f  th o  h o t e e e o la  woe so n - 

slderm hly  low er th en  th o  eel<f eo ee in  oaLution tharohy  p e ra ib iin g  rmpii, 
pooeftf# through 1&® f i l t e r *  S t e r i l i t y  ehecfca nor#  accom plished by 

e u l tn r ia g  1 0  ml eliqp»et* o f  th o  e e e e in  s o lu t io n  in  th logX yeo llebe  Kmditm 

at 03 €*

S a l t  M a tu re*  fhe follefWiag s a l t s  were d isso lv e d  l a  300 ml o f 

i i l t i U a l  water without hoots 26 a^i I I $ £*& 'mg$ HgO#

100 m g »  tefO^yHgd, S 0 0  a g t  % S % * 4 ® % 0 #  3 0 0  m g »  C « S 0 4 * S i 8 0 # a * S  

iaS 04 t 2#s ag* T his s a l t  mixture was f ilte r e d  through eintered g lo ss  

f i l t e r s  <Corning 'i f )  mnd whoa umA in  tho experiments woo dispensed l a  

0.1 al smguate per 100 si. of medium f^ itftrA w  1$49)*

Supplem ents! s o lu t io n s * t?to®k l e k t i o n *  o f dextree** y e e e t e x tro o t*  

smino a e td s ,  v t  tee d  a s ,  pep tides*  esleiuiA  e h lo r ld e , magnesium s u lfa te *  

p u r in e s , and p y rim id ines wore p repared  l a  d i s t i l  l e i  w ater in  eoaoentre** 

t l  one suoh t h a t  whoa 1 ml o f  th #  ebook s o lu t io n  woo added to  100 ml o f  

th e  medium, th® d e s ire d  e o a o e n tro tlo a  o f  th#  suhshemee was ob tained*  

flies® s o lu tio n *  were a i l  s t e r i l i s e d  by f i l t r a t i o n  through o in te re d  g la s s  

f i l t e r s *

B uffer, M a tu re s * Tho m jo r  p o r t io n  o f  th® modis was p repared  u sin g  

Mi# Soroxtoon shoe idiots b u f fe r  system  (C la rk  1920} whieii e o a s is te d  o f  tho

following! Cl) M m/lis solution of priisary potassium phosphate whioh

#©»tai»«d &*Q?8 g o f  MgfC?^ i a  1 L o f  e o la tio n *  (2 ) M K /ld  s o lu t io n  o f 

e*eond*ry oodiurn phosphate whi eh con ta in ed  9*44 g o f  anhydrous Ka^Hr*)^

In 1 'h of ô latioa* For o solution at p£I f*0 # four vpIm®## of Cl) were 

combined with § vcdumsa o f  (I)* In a mNUum whore o eoft* lder*h le  win®#
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aethod o f  th#  F o n ao l. T itra t io n *  th e  form al t i t r a t i o n  i n  i t s  

m odified  f e r n  was employed th roughou t th e  course  o f th #  worfc and p e r-  

formed in  th#  fo llow ing  maimer i (1 ) h Beckman pH m ete r, node! &g 

{ n a tio n a l T eahn leal L a b o ra to r ie s )  w ith  ex tendab le  e le c tro d e #  (espec

i a l l y  fchw sleev e  ty p e  ©alotael e le c t ro d e )  i n  ees& iaa tie ti w ith  a Vfcrltan 

tra n s fo rm e r, model ¥-1 (U n itad  tran s fo rm e r Company) s a t  f o r  110 v o l t s ,  

was used th roughout th s  e o u rss  o f th o  experim en ts, ( t )  A 10 ml b u re t te  

c a l ib r a te d  in  increm ents o f  0#O§ ml was employed bo d e l iv e r  tho  0*03 k 

SaO*i s o lu t io n  whleh was usod in  th e  t i t r a t i o n s *  ( I )  feerok n e u tra l  

form aldehyde, a ssa y in g  a t  36-38 per eanfc* was poured i n t o  a  la rg o  boatesr 

and a d ju s ted to  jsS f * 0  w ith  a lk a l i  by means o f  th e  Beckman pH m a te r, 

u s in g  an e l e e t r t e  s t i r r e r *  t h i s  n e u t r a l ! s a t io n  procedure  when augmented 

by v ig o ro u s  s t i r r i n g  f o r  1 S-20 m inu tes  re s u lte d  la  a v e ry  s ta b le  form alde

hyde whieh m ain tained  i t s  n e u t r a l i t y  fo r  se v e ra l hours# (4 )  f i r e  mi o f  

th e  n e u tra l  form aldehyde was th en  p ip e tte d  in to  a  00 ml b e ak e r, to  w hleh 

was a ls o  added 1# ml o f  d i s t i l l e d  w a te r  aad th e  c o n te n ts  'th o ro u g h ly  

mixed* th e  m ix ture  was th e n  t i t r a t e d  w ith  0 *03  i  %0M to  pH 6*6# t h i s  

p ro ce ss  was re p e a te d  se v e ra l tim e s  and th e  r e s u l t s  were averaged* th e  

mean o b ta in ed  was th e  form aldehyde b lan k  va lue  whleh m s  su b tre e  te d  from 

a l l  subsequent t i t r a t i o n s ,  (®j one ml o f th e  unknown sample was p ip e t te d  

in t o  a SO ml b#afcer to g e th e r  w ith  14 ml o f  d i s t i l l e d  w*rte#r and th o ro ug h 

l y  mixed* th e n  w ith  #1 bher d i lu t e  a e id  or a l k a l i ,  the  m ix ture  was 

a d ju s te d  to  pH 7*0, th e  beg inn ing  p o in t  o f th e  t i t r a t i o n ,  ( 6 ) to  t h i s  

s o lu t io n  a t  p i  7*0* § ml of th® a d ju s te d  form aldehyde was added and 

th o ro u g h ly  mixed u n t i l  'th# pi m eter in d ie a te r  ©an© to  f i n a l  r e s t*  (? )  

th is  m ixture  was t i t r a t e d  w ith  0*0S H to  end p o in t pH §#$ ( ^ e ln ie k

and Oeer 1949}# (ft) th e  form aldehyde b lank  va lue  o f  (4 ) was su b tra c te d  

fro® the t i t r a t i o n  v a lu e  o b ta in ed  l a  (?)♦ th is  gave tfe# ferm ol t i t r a t i o n



I f

o f  I *1 mt tiio  mmm&l* i n  %mmm o f  Hi « f  0*0 S 1 %QEf (9 )  In fc*ri*a o f  

t i t r a b le  aitrogon# 1 ml « l  0*0 S I  %€H 1« e<|ulirAl«mt to  0 * f  «g o f  

aitrogon#
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?ho footoro Influonoing thm protooXytio aetlTifey of tho 

thoroNwhiXlo orpmAoai (?t*€*A* i s o s )  whloh wor# «9Aadis«l An tts# oouroo 

o f  th io  work m y  ho oonTo&iontly dioidod in  tho fo llow in g  « t m r i

1 FhyoiooX Foohoro
JU tonpormtaro o f Iaoobotioa 46 €
§* hoagtii o f  Xtwubohion
c* p i
0# Oaygon Tonalon
B* Typoo o f  in f  for® 
r* Cooooatratieti of Gmmin 
6* iftfforan t Lot® ©f Cos© An

.II ChoiRiooA l o o t  or*
A* Boon! 'Sodium Coaotltuoato  

1* iDoxtroao 
t*  dolt itiagtapo 
5* fliiouiis* H iaola# S io t in  

B, Calolus, and sfegaooiim Salt*
C* Vitamin*
L* Amino t o y s ,  ^n riao*  and P y rlo ld lao *
E* ilp op tid o*
F# ^opton© and Aoiao aeld  ^jcturoo  
L* Conpuriaoa of £oid» Bnayinatie* and LaotoriaA 

I;. Agouti ©a*

III  BidXogiool Footer a
A* Sahara o f  tho O r p M ii
B# D ifferen t type® and Conoontratioa* of laoaola  
Cw Isolation o f  BaotoriaX .Honhora to  l¥ o to o iy t i«  

A otlw ity

7h« data ofetaiaod in  o il  th® oxporlmanta worn I t r i w i  from th® 

foraoX t i t r a t io n  atiioh wo* doooribod An tho aootion  on ^atarlaX* and 

&*thoda» At a l l  timaa tho naanor o f  porfowdag; tho was

rlgtzrma ly  odhorod t o # and a l l  tho rooordod roauXta oro An to r^ s  o f  rai

o f  O.0S W %0M*

?& dotomdao tho gnretooXytlo n a t iv ity  o f  th* thoraophll An a 

portionXor nodlim , two fXook* oont*lalji& th® idontiooX aodlum* oxm o f
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which was Inooulmtod ( th #  e u ltu r# )  mad th#  ©th#r uninoculabod  (th *  

oo& trol} mmm in&stmtwt a t  SB C* At #b*t#«l in te r v a l s  X »1 a liq u o t#  £ro» 

b a th  th#  ou lbur#  as#  t l »  c o n tro l  war® subjsotw d to  the  form al t i t r m t im *  

I f  th#  te m m l  m lu© o f  th#  c o n tro l  war# su b tra c te d  from  th #  forasol ra lu #  

o f th® c u ltu re *  th#  d iffo ro n c #  r#p****&t#6 th #  p ro to o ly b le  m o tl r l ty  o f 

th#  thornsg& ill on til# pmrblOttXmr MM&utt# l l i r th o r  i f  t h i s  d iffo ro n o #  

war# dlrAdad by th#  days o f iaoubm tioa required . to  &©hl»m t h i s  d i f f e r -  

#*#0, ©a® would now h a w  art «nr#rmg# d a i ly  r a t#  o f ©hang# ( m o ti r i ty  u n i t# )  

o f  th #  jsreboo ly tl#  m # tl r l ty  f a r  th# tins# latorw m l in  p t s t l i a .  W ie f t  

a l l  o f th#  d a ta  o f th# p r o te o ly t ic  a o t i r i t y  o f  th# orgmnisst ha# bcca 

r##or<!«4 a#  th o  d if fo ro a e #  b#tw#«a th #  c u l tu r e  and i t #  ooR tro l a t  th#

«#d o f  m t i rw  i f i t i m l  (formol t i t r a t io n  differ#®©#)*

A# T####rmtttr# o f Xaonbotioo 45 C« Yh# o r  goalon  was toawa 

t o  grow a t  bo € mad 0b € b u t n o t mb S t £* i t  was decided  to  boot th#  

ia f lu # a s #  o f mm lotor&SMftimt# tsm£g»«r«hur# «a#h ms €§ C on th# p ro to o ly ti#  

a c t i v i t y  o f th #  bm#t#rlttm« Thi# m s  doa# f o r  two r#m#oa#2 (1 )  Chopr# 

(1946a) mltilough he c u ltu re d  th # ro » p b ili®  organism# l a  b ro tb  mt 80 €* 

no ro rth# !###  t# # t# d  tfe# p ro te o ly t ic  a c t i v i t y  o f  th#  © ell-JV e# f i l t r a t e #  

on p ro te in  s u b s tra te #  a t  40- c w ith  good r e s u l t*  i ($ )  f tu b « r  (1949) 

observed t h a t  mbowe #0 e ensyras# l a  s o lu t io n  were ra p id ly  is m o tim to d , 

w hich d e s t ru c t io n  In c re a sed  w ith  e le v a t io n  o f th#  tew p ern tu re  mad was 

com plete a t  SO C# Presum ably I f  th#  t e s t  ©rgftnisia cou ld  b# c u ltu re d  

a t  4© C9 lo s s  In a c t iv a t io n  o f  th# ensyoss would occu r th an  #t. 6S €*

Two s isd lm r s o ts  o f 0#§ per # # a t vitm«l*fc*free e e c e in  wan# p repared  which 

v a r ie d  a s  to  e tm fttibu tlon*  Both s# t«  war# in o o u la te d  w ith  ft su spension  

o f  th#  organism  containing 330,000 organism® p e r ial o f th© medium* One



m

m% wi itteuhatod at 46- t and the duplicate sat at a§ C* rorrt titrs** 

tieas war# smde a t  interval* and reworded* Ths difforesee in  n a t i v i t y

between the tw© sets was wisually evident* the $& € m t  showed the

typical pattern of bacterial activity la the medium which was ©batmd

throughout the entire enure© o f a l l  the ©*fwrlmeafesv sad fo r  this reason

is deserihed la detail* the light asdmr colored smdium at the ©ad of

fr*3 days showed ths typical ©1 radiuses and * swirl lag* o f hseterial

growth whoa shaker*, as ©©mparsd with th© ©leer ©*&©r controls* After

4**̂ days of iaeufeatien, #1© ©ultu.ro medium turned a ©es$tl«t© milky white

with ev idence  o f sed im enta tion*  %  &»10 days of incubation the m ilky

sdiib© eo lor  o f  the medium was com plete ly  d iss ip a te d  lea v in g  only some

sediment at the bottom of the culture flask, thereafter the sodiiMmt

and the culture fluid turned a dark brown oolor with extended incubation#

It was usually sfter the disappear*!!©* .df the silky white eeler that

proteolytic activity ecu Id he detested by the formal titration*

the 4# C set of cultures shewed non® of this activityi indeed

there was no evidence of gtrewth of the inoculum whereas in the S6- c
set, the count in me culture was mm h igh  as 18#000f(K)0 per -si in ZB

clays, Similarly fo rw sl titrations liidieated no evidence o f prrateolytle

activity in the 4S C set but in the c set# one culture w*s as hij$*

as <5*64 ml i® nm l titration dif  feretiee in ®S days#

B# length of Incubation* the period of incubation of any

®#ri-@s of tost im&im was detemdsed by indications of proteolytic activl**

ty* feaerally when significant fsarmel titration differenees were

obtained the cultures in any given series, the preteelytie

mcasuremsxsts for the series were then terminated* The results were

eealuated within the series with respect to the stimulation ©f proteo*

lytic activity which mny p a r t i c u la r  medium possessed  *
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Cm th e  cobber hand lb  was found th a t  s ig n i f ic a n t  form el t i t r a t i o n  

d i f f e r e n s e s  d i f f e r e n t  experim en tal s e r ie s  o o o u m d  a t  to.® end o f

d i f  f o r e s t  tim e in te rv a ls *  T hi& was due to  e tw f e l  f a c to r s  such as 

d if f# y # n t coadi t i  rn# of a e ra t io n  o f  th e  c u l tu r e s ,  d i f f e r e n t  ©oacofttra-* 

tio r-s  of case in*  d i f f e r e n t  media c o n s t i tu t io n ,  and th#  v a r ia b le  » f v m l  

e a f ta o i t ls s  o f f r e s h  in o eu la  o f th® organism*

Th# o ,f le e t o f a e r a t io n ,  c a se in  c o n cen tra tio n s*  and medium eoastltu** 

t io n  on th#  le n g th  of th e  in c u b a tio n  period  w i l l  bo di@mj.asad below* 

th e  q u e s tio n  o f su rv iv a l c a p a c i t ie s  o f  th® f r e s h ly  in e e u la te d  organism  

p resen ted  a s e r io u s  problem . I t  was consid ered  o f prim s ii^nortane# to  

u se  minimal numbers o f  th® e r^ s td s a  a s  inoculum  to  i n i t i a t e  growth w ith* 

in  a reaso n ab le  p e rio d , sifto# i t  was r e a l i s e d  th a t  th e  a d d it io n  of too  

m assive an inooulum  would p o ss ib ly  r e s u l t  in  the  f o r tu i to u s  in tro d u c tio n  

o f  th e  very  f a c to r s ,  th® in f lu e n c e  o f which i t  was d # a ired  to  study* in  

a d d it io n  th#  a b i l i t y  o f  th e rm o p h ilic  b a c te r ia l  p o p u la tio n s  ( in o e u la )  to  

su rv iv e  fo r  any extended period, a t  a  tem pera tu re  o f  $» c:t w hether 

c u ltu re d  upon fa v o ra b le  or u n fav o rab le  m edia, i s  n o t o f  a v e ry  h igh  

order* Hansen ( I d 33) observed t h a t  th e  death  rat® fo r  a f a c u l ta t iv e  

therm ophil was maximal In  th# SO c range* Indeed two p o p u la tio n  p lo ts  

a t  08 »b c and 5T*f € were shown by him to  have a lre ad y  com pleted th#  

lo g a rith m !#  dea th  phase of th#  growth curve w ith in  8b hours* S im ila r ly  

A lien  (I960 ) noted  a  drop in  m a k e rs  o f  v ia b le  f a c u l ta t iv e  tfoermssftiil* 

from 10^ to  10* per mi in  8*3 hours when m aintained  a t  a& C, thop ra  

(1946a) in  h i s  study  on th e rm o p h ilic  o rg an ise s  s t a te s :

*£oi*th o f th# e e l I s  as determined by fa ilu r e  to  a u l t l -
p ly  s t a r t s  q u ite  e a r ly  a f t e r  in o c u la t io n , i n  f a c t  
s u i t ! p l i c a t i o n  and d ea th  may bo sa l#  to  beg in  a lm ost 
sim altan© o u sly j i t  i s  th e re fo re  In a c c u ra te  to  say th a t  
in  young c u l tu r e s  a u to ly s i*  does n o t tak e  pi a©#***
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I t  1« seen th erefore  th at In any p articu lar  exseriiaeatal s c r ie s  

ecmpriatxi a number o f cu ltu re  f la s k s  sash contain ing a d if fe r e n t  

cu ltu re  medium, th® e f f e c t  on th# survival on the organism w i l l  be 

variab le  d#a«i«iing on the medium make-up and th# innate ** su ic id a l " 

ten dencies of th# organism i t s e l f *  I f  the death rat#  o f the inoculum  

population a f te r  seeding "wri ease*sir® , then other f a s t i s  being eq u al, 

a belated  grewth. response w ith  subsequent b ela ted  p r o te o ly tic  a c t iv i t y  

was to  be expected* Consequently i f  a s u f f ic ie n t  incubation period wars 

permitted in  which the eonplete greerth .pattern were allowed t e  w a  i t s  

f a l l  course, then s u f f ic ie n t  formcl t i t r a t io n  d ifferen ce#  could be 

obtained upon wfiie.li to  form an opin ion regarding. trie e f f ic a c y  e l’ the  

media itmslved*

th u s  i t  was found th roughout th e  co u rse  o f th e  work th a t  two id e n t i 

c a l  experim en ta l s e r i e s  when ru e  a t  d i f f e r e n t  t i mm could n o t be compared 

in  a s t r i c t  manner, sin©# mascisml a c t i v i t i e s  d id  n e t  alw ays occur in  th e  

same degree  a t  th e  same t l m *  wever i f  one medium com position  w©r® 

found to  ex ce l 1 a l l  o th e rs  in  i t s  s e r i f s  a t  a cerfeala a c t i v i t y  le v e l  a t  

a c e r ta in  t o *  th e n  t h i s  same m d iira  s e a p o r t t ie n  would e x e e l1 a l l  th® 

o th e rs  in  a r e p e a t  s e r i e s  a t  a. l a te r  da te , a lthough  th e  a c t iv i ty  and 

t i i®  v a lu e s  m ight v a ry  somewhat from th e  f i r s t  t r i a l *  In a l l  the  fo llo w 

ing  stxpcriasente, in c u b a tio n  p e rio d s  were p e rm itte d  to  co n tin u e  from 1-8 

we^fcs b e fo re  te rm in a tin g  th e  experiiseiibe*

C* p a* The s t a r t i n g  p i o f  th® medium which was to  b® in o e u la -  

ted w ith  th e  te s t organism  e x e r te d  a d e f in i te  in f lu e n c e  on the p reb eo ly b le  

m o t i l i ty  o f th e  therm oph.ili s  organism* Hansen ( I t l S )  noted, t h a t  a p& o f  

4#? had a  d e le te r io u s  e f f e c t  on th e  p o p u la tio n s  o f  a  f a c u l ta t iv e  th e ra e -  

phil which was not evident la a medium maintained a t n e u t r a l i t y  with 

CaCOg* Chopra (i$ 4 8 a) s tu d ie d  th.® in f lu e n c e  o f  pa on th e  p ro te o ly t ic
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a o t iv l t y  ea g o la t ia  o f  ih araop iiill#  f i l t rat#a« m  imtployad

th# ti&Xtm&m a i t fa t#  phoaphat# tmtimt oyatNua w ith an 1h#b bat loci a t  40 r» 

I t  wa« fosmd th a t th# opfcifaal M agt la y  fv#®s 7*5 to  8# 3*

t« di^raaa foj» a eoiMiit i t  my bn notod in #<mtra#t that th# toat 

orgaaiam wmm imoapablo of f:r«wisc a t 40 C sad also unabl# to in i tint#  

prowth Ik a oitrmt# yhoaph&t# buff#r mdlusu I t  vould ®*mm that th# 

olbrat# phomptmtm  buffer my provoat tli# growth of a th#ymphli.l# organ*

4 sib ciioh a® fe#c*A* IiiOS and th#r#by p raw it prohoaa# formation. i t t  

owo# protma# ia  •labombad fey a tfaarmoyhili# orf^wim* iba'protaolyfcl# 

a c tiv ity  tharaof my fe# u»hiiwi#r#A in th# of # itrot# bhoaphat#

feoffor*

It 1# of iab#r#at to aonsldar th# basis $XTfmr®mmm uadarlying th# 

fufHh$mmtaX approaafcaa to #»tir# ftroblam of yrot##lyala namly bho 

direct and ind lrm t mottuNla of am ly»is* Ofevtaualy th# ftoabora thioh 

favor tho propor fwnobiotiiiif?: of a proboaa# ayahom on## I t  fern# fe#*** 

elaborated fey mtk organism and fey th# lndlr##t mfchcd ̂  my aatoally

l»rot# imauibafel# «p imlmieal to th® d###2#|mnt o f ttwr liv in g  orfgaitiam 

t t s # l f  «

Th# isaflaono# of yh on th# protoolytie n ativ ity  was osasstaod* ’th# 

madiw» ©a wriioii th# thorm phili# orgaaiam *aa #ttXt»«Ni f®s aa follow#* 

vitam!n**fr## aaa#in» 0#S g$ aa lt mtatwr#* 0#& a lt  yoaat ontrmot C&if#©)f 

0*01 pi daxtroa#, 0*2 gi thiamin* lO^ugi niacin, t feiotin# 4*0y«g>

#or#n##n phoaphab# buftf#r pit £»*51»»7*3t and Clark*»£-ufea b u f f e r  p i  T*6~8*®S* 

ffe# to ta l ftlai®  « n  100 ml and. th# $$f of th# m d lm  wrnrrn majpaatiwaly mm 

follow** S*i&* 6*0* 6*4# §#§tf: T*0# 7*3* ?*€# 3*$&* &*«$* Th# madia 

war# dlap#n##d ia  100 ml mmmumtrn ia  rufeb#r~thopp*r#d feaujr b ottles laid  

os aad and ineu bated at feh 0* th# reattlta mrm pr»##fttod i a  tafel# i s 

wh#f# I t  i# that ■ optimal paint# oocur 6*4*>S*8 ami ptl T* »̂

?*«*
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In th m m m  o f  p i  cm th#  p ro b e o ly tis  a c t i v i t y  o f  t
o f  thff t e s t  organism

C u ltu re  B esig o a tio n

A x* C P E F 0 H I  

Initial pli £.85 6*0 8*4 6*8$ 7*0 ?*S 7.8 S*3§ 0.85

F e ra e !  T i t r a t io n
Biff#r®»©# a f t e r
8S days inoal>»tl«ai ~*08 *10 *30 .$7  *17 .14  .30  .04  *06

P* ag^gon T ension* This o rg a n is e  e x h ib ite d  a e ro b ic  char«* 

a e t e r i e t i e *  o f grow th, eanaequen tly  I t  was considered  d e s ir a b le  to  

determ ine th a  in f lu e n c e  o f oxygen te n s io n  on p ro tee iy& ie  © e tir i ty *  

'Fttrtshorawr# mn a ttem p t wus i id «  to  e o r r e le te  oseyuen te n s io n  w ith  pto 

should any ouoh r e la t io n s h ip  e x i s t .

The oxygen te n s io n  o f  a siediun w i l l  vary  d i r e c t l y  with, th-© a re a  o f 

i t s  su rfa c e  exposed to  th e  a i r ,  and i a w e c l y  w ith  i t s  depth* Combined 

in to  sue ex p re ss io n f

|s»o m m r tm m  a re a  o f wsdiue
2 depth  o f wm&iMM

Timm wo hawe a s ta p le  expreseiain d e sc r ib in g  th e  oagrgem ta n s ie s  o f  th©

sasdiue os the rati© of the su rfa c e  area of th# suedlun to th e  depth o f  

th# medium. Sine# th# vetoas of th# mediant was 100 ml and was always 

eensta& t in  a l l  th#  e* p eriaw « te , Mi# * ^  s a r ie d  a* a  r e s u l t  e f  th e  s is #  

and shape o f  th e  e y l tu r#  f la s k s  employed*

th e  medium fo r  t h i s  experim ent c o n s is te d  o f  th#  f e l l  ©swings vitamiaf» 

f r e e  e e a e in , 0.1 gj s a l t  isisrter# , 0*6 tali th ia a ix i, lOO^fegi j t ie e ln , 

looytogi b io t in ,  l ^ i g i  b iopar E (Arm our), 0*01 g i Sorensen phesoh&te



2§

b u ffe r*  pH 6*0»6*0| C2arh»i*tb* pH 9*0* The t o t a l  volume was

100 s i*  The ©st&ia, w&® m de  up in  t r l p l i e a t e  amounts a t  sii #* 7# 8# @*

For aaeh p*S# th e  c u l tu re  f la s k s  were* 4 a t  a s r t w b o t t l e ,

1L t> l# ttnoyer f la sk *  ia ^ s ? 4 t  $M os se re m e e p  b o tt le *  ROgoldO* flat#  m 

t o t a l  o f  11 o u l t i r *  f l a s k s ,  a l l  c o n ta in in g  th e  m m  medium b u t v a ry in g  

a s  to  pH and eaygsa te n s io n  com prised the  s e r ie s *  th e  re su lt®  sirs ac ted  

In ta b le  2 stud f ig u re  1*

I t  w i l l  be observed t h a t  a l l  optim a f a l l  i a  th® pe 0*7 r t n p , .

( f ig u re  1} re g a rd le s s  o f  th® BOg value* ROg 74 g e n e ra lly  gave th e  b e st  

n a t iv i ty *  I n te r e s t in g ly  th® r e s u l t s  do show a c lo se  r e la t io n s h ip  

between pil and oxygen te n s io n .  F a r th e r  i t  i s  pose i b i s  to  supply  too  ©ueh 

03cygoa to  th® d e tr im e n t o f th e  p ro te o ly t ic  ac tio n *

On thm b a s is  o f th o se  r e s u l t s  i t  was decided  to  u i t  th#  SFerensea 

phosphate b u f fe r  a t  pH 7 .0  In  f u tu re  work* Th® p o s s ib i l i t y  o f u s in g  th e  

21, f la sk s*  s in e s  th o se  goes th o  b e s t  r e s u l t s  had to  fee d is 

c a rd ed . Th*? reason  f o r  'th is  was th e  la rg e  amount o f in c u b a to r  space whisk 

would h a w  been r e q u ire d . A rubber*stoppered  Hour c u l tu r e  b o t t l e  l a id  

on os# end hawing an ROg v a lu e  o f 42 was s u b s t i tu te d  in s te a d  and employed 

in  a l l  subsequent experim en ts.

E. Types o f B u ffe rs* In  a l l  th e  experim ental* b u f fe r s  were 

Included  fo r  pil s t a b i l i t y  in  the eu lb u ree  ( ta b le  12} and fo r  th e  g re a te r  

ease  o f m an ipu la tion  wfe-ieh th ey  a ffo rd e d  in  tb s  form al t i t r a t i o n s *  

^ ro te o ly t ie  a c t i v i t y  could  be observed  w ith  th e  b u f fe r  la c k in g , Although 

th# Sorensen phosphate b u f fe r  was c o n s ta n t ly  employed in  a l l  th#  e x p e r t-  

jso n ti, i t  m s  considered  o f  w orthw hile  v a lu e  to  a ttem p t th e  us® of o th e r  

b u f f e r s  to  so® i f  p ro te o ly t ic  a c t i v i t y  would be in f lu e n c e d . The C lark - 

Lubs 'buffmr c o n s is t in g  o f b o r ic  so ld  sad sodium hydroxide* end th e  PyideettK* 

hmrd b u f fe r  system  c o n s is t in g  o f phenyl ae®feie* phosphoric* and b©ri® s.elds 

were s u b s t i tu te d  and p ro te o ly t ic  a c t iv i t y  ooul4 be no ted  {ta b le  t i  %%
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t a b le  %

In flu en c e  o f  p i  mt& #xyg#& te n s io n  osi th e  pro teo lyfcie  
a e t l v i t y  # f th e  t e s t  orgesl*®

C u ltu re  Bea i  g n a t io n

A 8 C d i  r o H 1 J I  L

R'V l .T  74 i m 1*7 74 190 1 .7 74 190 1 .7 74 190

ptt 6*1 6 .1  6 .1  7 .2  7 .2  7 .3  8*1 8 .1  8 .1  8 .7  8 .7  8 .8

rortssel f i t *
Biff* after
83 d»y« *21 .77  »** .8 0  .78  .6 0  .24  - .0 6  *14 .02 .3 8  .01
X neubetiea

♦ HOgal.  7 4 4 # *  sorew-c«T> b o t t l  e 

10gS74 8 1 L Krlem seyer fl& ek

H0g*190 s  38 o* serew-e&o b o t t l e
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F* ftlffo ro a t Canoantratlooa o f Caaoliu m f t  o f  th® 

•aporlKgmtal worfc entail® d th e  u*e o f  * per ®#at ea ee la  aimeecihr*'* 

tlon* I t  -waa gen era lly  fating th a t w ith  th l*  « a » i» t r f t l io s , a ig n i f i -  

oant o r o to o ly t le  a a t iw lt ie e  did not develop u n t i l  4-6 weelea had elapaed* 

however, e e r l imr mspmnmw waaka) oould be obtaiaed when istereeaed  

ee& eeotratlens o f  oaaetn war® eap&eyed* A I*S par e a st  e«m®astrati®n 

o f  ea ee ia  wee found to  he very e e t te fe e te r y  e»d was employed in  eub- 

aeigueet esperl»eiita* le e u lta  on varying o&mim eoneeatratien* ar® 

noted i s  ta b le  $*

D if fe re n t  L ots o f  Qeeeitu tihen th® eupply o f on® l o t  o f  

eaaein  cod© 3860 was exhaeeted , an o th e r lo t*  eode 9301 had t® b® used* 

When bo th  eedee war® tee ted  elm tlhaiieeuely f o r  p r o te e ly t ie  a e t lv i t y  

under id e n t ie a l  ocsctitioae*  d i f f e r e n t  fo r  e e l values were ob ta ined  fo r  

si& lla r  ee& eeatratleae* th#  r e s u l t*  o f t h i s  oaporinant a re  to  be found 

in  ta b le  3*
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TABU I

ln flu « n M  o f d i f f e r e n t  lot®  ( S860 siod 9€01) sad  eottM m tratlesui 
o f  e x a c ts  os th© p ro to o ly ti®  a c t i v i t y  o f  th e  to o t  organises

• j ' a w . - * - ■ t-  '"rf'r-r-ir"!"ri,ffr,ffiii -'•fin'- »1- iVWt"iWHHr̂ ni- r  ■'

C u ltu re  D oa ignattoa

h ___C D
. jw-n*uwr.H»

C o a s t! tu o a t» /i0 0  ml o f  medium

vttamia~fr«9«? cats© in
( CcNEMMratratlon oud code a s
i s d ie a to d )

ft.fig
( m m )

S. eg
(9601)

l.O g
(3880)

l.O g  
(9601)

S a l t  M ixture 0*6 ml X X X X

fioxtrooo 0*lg X X X X

VitoadRoi
Thloasin lOQMg
M iaola lOCNtog 
B lo tia X X X X

horm im n  b u ffe r  pB 7*0 X X X X

w id"
*

«
i

f

X X X X

borzo i t i t r a t i o n  d iffe re n t©  
a f t e r  16 days in« tba tl« tn 1 .86 a . 7 6 0.S4 1.06
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H  Chea&eal F a c to rs

A• Basal Stadium CoRStltuoRtj*

1» i n i t i a l l y ,  & Q*S par c e n t eoA een tra tlon

o f  d e x tro se  was in c lu d ed  in  th e  se d ltm  to  se rve  th e  organism  a© a 

room ily  a v a i la b le  eatxree o f  eerboaa* The e e ld t ty  r e s u l t in g  th e re fro m  

m&wmtm&lf a f fe c te d  th e  b u ffe r  eyatem , end a  0*1 p t f  eeast © erteentretion  

©f d e x tro se  m s  s u b s t i tu te d  In stead *  With r e s p e c t  t© p ro te o ly t ic  

a c t i v i t y ,  th e  p resence  o f  d e x tro se  wee found to  be h e lp fu l  ( ta b le  4t 

!>, f ) .

2* s ie lt m arturs* The s a l t  m ix tu re , th e  easspositioa  o f  

which has been d e se rtb e d  in  th e  s e e t l c a ,  M a te ria ls  am! Methods, was 

found to  have so  e f f e c t  on p ro te o ly s is  ( t a b le  4i 1}*

3* Thtaw ln, h la e tn ,  m l  B io tin*  th e  t e s t  o rganists had 

been sheen to  e x h ib i t  good grnwth when c u ltu re d  on c a se in  liydroiy«s.te 

supplemented w ith  th e  v iberitae  th ia m in , a ia e ln ,  and b io t in  ( tle v e rd o n , 

P e le s a r ,  end Poeteoh 194f>) .  These three- v ita ss ln s  were employed th ro u g h - 

o p t th e  course  o f  th e  work. tx a n d n a tlo n  o f  th e  d a te  i a  ta b le  4 in d ic a te s  

t h a t  th la s d n  r e s u l t s  i a  b e t t e r  a e t l t i ^ r  th an  e i t h e r  a l s e i a  ©r b i e t l n  

(if# t # «J), F u r th e r ,  when th e  a c t i v i t y  o f  th o se  v itam in s  a re  ©©tapered 

w ith  th e  c o n tro ls  (&p c) I t  i s  observed t h a t  on ly  th iam in  (H) s i g n i f i 

c a n t ly  a f f e e te  p r o te o ly t ic  e o tlv ih y *  The combined v itam in s  (F ) a re  

more e f f e c t iv e  th an  when used in d iv id u a lly *  fthen th e  com plete b a sa l 

eo»b is» .tloa  o f  c a s e in ,  s a l t s ,  d e x tro s e , and vitamin® a re  oosfeiiMNta 

snxlnasi a e t iv lh y  i s  o b ta in ed  {£)*

P# C elaiw a and Sbisasslftat S a lts*  H&lss# (1951,. 193.2, 1933) 

in d ic a te d  th a t, e a le ln s t and magnesium s a l t s  were o f  m in e  in  th e  produc

t io n  o f  p ro teo ses*  2 t  was endeavored t o  t e s t  th e e e  f in d in g s  by th e  In 

c o rp o ra tio n  o f  CaCJ and % S0^ l a  .«/230 e o n ssn tra h ie n s  in  th e  ease  in.
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mediae* m  s ig n l f io a n t  improvement in  th#  pr®t«®lyti© a c t i v i t y  could 

to# d# too ted  a t  pH 7*0*

Cm Vi tea tn o *  A fte r th #  th r« #  v itam in s th ia m in , n ia a in ,  a&d 

to lo tis  bad been found to  fav o r p ro b e e ly tie  a c t iv i ty *  i t  was eonoidered  

w orthw hile  to  t m k e  f a r th e r  th e  ro l#  ©f th#  e n t i r e  vlten&xi B eoasgklejt 

in  t h i s  r*garO# Tit® r e s u l t s  o f  m®h an tz rre s tig a ti# &  at*® s#«s i s  

t a b le  5* 1% m y  to# ©toserved toy r e f e r r in g  to  th® form®! t i t r a t i o n  d i f f e r 

ence# t h a t  so  eoMhinatloia o f  th© vitamin® showed any s ig n i f ic a n t  j  siprove* 

s e n t  w i t  th© w t i f i t y  o f th#  th re e  b a sa l v itassin#  o f C u ltu re  A* The 

caleiu®  fem thethenate  (C) v a lu e  i s  s l i g h t l y  g re a te r  than, (a )  b u t t h i s  

i s  w ith in  th® experim en ta l e rro r  o f  th e  a n a ly t ic a l  taelsnicfu#* I t  ©an 

to# M tti t h a t  » 1  t i p i #  q u a n t i t ie s  o f th #  v ita s tin  # r#  w ith o u t o f f s e t  (d)* 

D if fe re n t  e©«toi*ietl©ixa o f  th® s e n io rs  o f th e  v itam in  B complex 

in  o th e r  experim ente e l i c i t e d  no tost to r  response# in  a d d it io n  py ridoxal # 

and pyri4oi» iilis#  war® added to  th #  v itam in  group and -th#©# eos&iiied with, 

p u r in e s , pyrim idines*  and 14 a«&n© ©old# to  n© a v a i l  ( t a b le  6* T ). fan  

tim as th® ©ustoisary ejaounte ©f f o l io  acid* pyridoxin® , and B^g war® 

found t© to# in e f f e c tu a l  a s  eoepared w ith  th#  in f lu e n c e  o f  th® thro® 

b a sa l v itam ina  ( ta b le  f* > » C)*

B* A«Jl3S© A cids- ftarines# and Pyrim idine#* F ourteen  amino 

mei&m and 4 p u rin es  and py rim id ines war® grouped to g e th e r  in  th e  combi na

tion®  and c o n c e n tra tio n s  in d ic a te d  in  ta b le  @* I t  was thoog.ht th a t  in  

such m r e l a t i v e l y  com plete medium th#  ©rfanis®  would have ample 

o p p o rtu n ity  to  develop  w ell*  Th# c o n s t i tu t io n  o f  th #  medium m y  to® 

n o ted  in, t a b le  7 a s  w e ll a s  th® re s u l ts *



T A B U : 5

Influence of various members of the vitamin h complex on the 
proteolytic  a c tiv ity  o f the t e s t  organism

Culture Designation
A B C 0 E P 0 li I J X

Constituents/lOO ml of medium
Vitamin-free casein 0*6 g 
Dextrose 0.1 g 
Salt Mixture 0 .6  ml 
Sorensen Buffer ph 7*0 
ROg » 47

X X X X X X X X X X X

Thiamin
Hiaeia
Biotln

XQQAxg
100/ag

4/hg

X
X X X X X X X X X 3x

Kiboflavin icxyug X X 3x X
Ca. Pantothenate lOOyfog X X Sx X
Pyridoxin© lOCybg X X 3x X
In osito l lOCybg X X 3x X
f o l ic  Acid 100/Ug X X 3x X
Vitamin Ê g iq»/>e X X $x X
P.JUB.A. XOO/jg X X 3x X

Pormol t itr a t io n  difference  
after  40 days incubation o.ge 0.16 0.33 0.13 -0 .0 3  0.11 0.14 —0*06 0.03 0.13 0.01

0»08
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TA&iM f

i a f l m m m  o f  v ita m in s , p u r ia s s ,  $yrin&4i»®st  sad (m ine  molds 
ob. tii® p ro to o ljr tio  aotliriiy o f  th #  to o t  ©rpmls®

€oa«tlti*#ttts as Xndioabsd in
l i S k J

m&ml

Vitamin Sapplsasnts

P a l te r s  0#slgm ti® is
k  i  c

jfenifto- Aelds

^ertm l t i t r a t i o n  A iffs rsn o s
o f to r  4© days imosibatleii

IS

«*»04 «*0*0i§ *"0*031

1% i s  ap p aren t t h a t  in  a  0*S par ©out e o n e o n tra tlo n  o f  e s s o in , th e  

aadao t e i d t j  p a rin s*  mad pyrisddlsMrs war# tz& effeetoal • o th e r  e x p srlae s ite  

u s in g  1 , t* S t and $ p e r esmb o f  o s s e in  in. cossblnation w ith  th#  amine 

amid and {fturiao, pyrtm idin#  supplem ents showed p o s s ib le  in d io a t io n s  o f  

inere& sed p ro tse ly b i©  a c t i v i t y  b a t th® r e s u l t s  mmrm to o  v a r ia b le  to  

p s r s d t  the  form lag o f  a  d e f in i t e  opinion.*

ffjP+PbMoo » Slmmsod* «&ii Jrotow (1949) reported. <m». s  

p r e l ln s l e s s  o u ts a t  s t r a in  o f  F* p o l l  e h is h  grow h o t te r  w ith  a  prelim # 

p ep tid e  th an  w ith  prolim e a leao»  I t  m s  though t d o s ira h l#  to  t e a t  tbm 

o f  fo o ts  of AipeptiA*# os th e  o ro te o ly tio  t i t i f l t y  o f ifc# tfc e ra e p h ill#  

organism* th e  medium was preparesI a s  in d ic a te d  i a  ta b le  8 la d  th #  

r e s u l t s  shoo th a t  th#  p e p tid e s  were w ith o u t In fluonoo  and s o tu a l ly  

appeared  t® t o h lh l t  activity*
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• • id *  and Mm d i  pep tid e#  mem  t# # ta d  fo r  t h e ir  in flu en ce  m  th e  probee* 

lyfet# a c t i v i t y  o f  th e  th #w »p to ill©  bacterium* i t  h i  th ough t adwisaM©  

to  eo&plftt* m study o f  the e f f e c t  o f th e  n itro g en  s e r ie s  o f  eompmn&e 

by t e s t in g  th e  in f lu e n c e  o f  p e p te m e  ft# w » ll ft# eegsg&et* m ixture# o f 

■mlxift ftftid#* f'teis h»# b##a de&e ia  th e  « p tr i» ® x it  l i s t e d  and er ta b le  t#  

The e ew eea itien  o f  th #  peptone sum! th e  amine ac id  a lx tu r#  m pplew en te  

a sad ia  th #  m^perimtmb mere a® fo llo w s:

*  w -  >■ .», ^  r  ^  w

(7 )  Prefee### Feptcm#
(B aete) 7^*g

Peptone sad  Aaduo Acid Supplement# Ao© ad o f IM ift
e W M « M W >  mmmmemmrnm* ** ' f<M—  a .iw w<» i«4 ^ W i lWM«u i « «Wt t l*u . ili<ni<Hi i  -«1 »li< -» n « 'ri« q Me n * i  WWWWWI *#wn»iBr I i im n i  W U nW liH Jy ‘

Cl.) Cft#it«o« (S an to ) 7 xig
( I )  f r y p t i w i #  n i g
(3 )  CftftftM&n# Aftid# '

(Bftftta) TN&g
(4 )  ff tr« H » la e  {S te a m s ) *^ug

T his expmrtaMmt a ls o  tested th# in f lu e n c e  o f  v a rio u s  b u f fe r  system s, 

the eem pesitieia o f  which were d esc rib ed  ia  th© sec tio n *  laaberia lg  and 

^ th e d #  under th e  heedlag* B u ffe r M ixtures* C u ltu re  I  we® l& oeulated  

with organism® grew** on try p tio ft# #  yomet e x t r a c t  a g a r s la n t#  where#•  a l l

th e other c u ltu r e s ,  w ith  an inoculum green on os.aitone y e a s t  e x tr a c t  

a g a r slants*

s& o f ie d iaft'SMNfttft

<X) i%fbii»© (Beebe ? /* £
(&) Prot#### ¥*epton©

So* I  C Bate to )
( 3 )  ? ryp tft£ ft ( B ae to )
(4) Fftytoa#
(1 )  T hiotona <B*B#U)
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The tem p o s!tien  of th© modi* and th e  r e s u l t s  obtained are found in 

table 9# Cultures A and B were th® c o n tro ls  arid showed a formal t i tr a 

tion d if fe re n c e  ©f 0*11 ml and 0.01 ml of 0*03 II NaOK re s p e c t iv e ly ,  

v^han c o n tra s te d  w ith  th e se  va lues*  C u ltu re  *1 w ith  0 .18  ml shews t h a t  th e  

peptone ad x tu re  had no imlut with r e s p e e t  to the activity. O ritu r  a 3 

with a v a lu e  o f  0*32 mi in d ic a te s  'that th e  Tiaptosia-aid.no a c id  m ix tu res 

fav o ra b ly  a f f e c te d  th e  p ro te o ly t ic  a c t i v i t y  o f  th e  th e rm o p h ilic  organism* 

Some o b se rv a tio n s  b ea rin g  on th# factors s tu d ie d  l a  t h i s  experim ent haw 

a lre a d y  boon re p o rte d  under s p e c ia l  head ings so th# result® w il l  ha only 

briefly rec&pi bu lated*  C u ltu re  I w ith  a fo r s o i  titra tion  d if fe re n c e  ©f 

0*81 ml dem onstrated  th e  in f lu e n c e  o f  a d i f f e r e n t  inoculum scu ree  when 

compared w ith  c o n tro l C u ltu re s  A and B. C u ltu re  C proved th e  b asa l s a l t  

m ix ture  to  be o f  no v a lu e . C u ltu re  B w ith  th e  d e x tro se  gave a s l i g h t l y  

improved activity* The th re e  b asa l v itam ins*  thiamin, niacin, end 

biotin, demonstrated a c o n s id e ra b ly  in c re a se d  activity in Culture £ w ith  

1*68 ml as compared w ith  C o n tro ls  A and B. C ultu re  F with all th e  b a sa l 

c o n s t i tu e n ts  gave maximal n a t i v i t y j  2*15 ml C u ltu re  C w ith  a d d it io n a l  

amount* o f viteajains proved o f  no v a lu e , fhe ©reason citrate b u f fe r .  

C u ltu re  K* showed no a c t i v i t y  n o r did I t  even .permit growth of the organ

ism , w hereas th e  hrideaeux-^ard b u ffe r*  C u ltu re  JL* showed some activity. 

C u ltu re  M, with, no b u f fe r  © resent showed l i t t l e  o r no evidence of 

a c tiv ity *  In  ta b le s  10* 11* and 12 &r# Included  a l l  the  d a ta  to  aeeena. 

pany t h i s  experim en t. S im ila r  d a ta  fo r  a l l  th e  o th e r  experim ental work 

have likewise been aeeum ulsted bu t have been omitted due to th e  

voluminous n a tu re  of th e  m a te r ia l • Only th e  form al t i t r a t i o n  d i f fe re n c e s  

have been recorded*
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TABLE. 10

Formal t itr o t lo Q  data ©btttioed from th© experiment ea tho  
Inflooaoo o f tho basal constitu en t© , peptone* 

asdno a s id , and bu ffer  mlxtoroo on th© 
p r o te o ly t ic  m o tlr lty  o f  th©

t e s t

Pons©! Titration©
centre& e Culture©

C ultu re
£*©igxi*»

idem

r

0

U

1

Pays of incubation.

0 10 n
m  o f  O.OI> I  MfcOB

1,01

1.02

1.09

90

X *09 
1*12 

I.OS 

1 4 9

1 .0$

i . s t  

l  .26

x.t®

l * t l

1 .19

1.01

0.99

1*04

1..08

1 .00

10 21

A * 1*06 1 *0& 1*57 1 .09 1 .09 1 .48

B 1,11 1.12 1.41 1.08 1.16 1,42

C 1 .0 0 1 .06 1 .42 1 .01 1 .1* 1 .44

I) 1,01 1 .10 1.36 1.02 1 .26 1 .67

T. 1 .02 1.08 1 .24 1 .0 7 I *dft S .IS

2 .02

1 .08

1*12

1 .18

1.18

5.64

1 .4 b

1,46

1.82

i . n
E 0# 84 0,61 0.61 a© ©rld«ae© o f r'rowth

L 0*81 0 .7 3 0 .8 4 0 .8 0  0 .6 7 0 .9 0

M 0 .6 4 0 .24 0 .4 4 0 .6b  0 ,S § 0.62

Culture eQsidltieae or supplement© are thooo described la  
table 9*
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TABUS »

fmrml t i t r a t io n  mXfimrmmm md n a t iv ity  u n it*  data from tta» 
•a$*riiae«tt* o n  t i i o  in flu en es o f  tho  basal s s a s t i tu s n t s  

p*f»tm®9 mmX&o m M #  mid huffo r  mixtures an th #  
p r s t s s ly t l*  s s t ir ib y  o f  th® t s a t  ©rgmafg®

Form©! T i t r a t io n  t lf f s r s & s *  A c t iv i ty  U n its

fm $ p m  © f  I n o t t t e t i o B
Wiwiia«rnW.fd|g»i-»t-. *t—i. '.»̂ Mj»i<iMiWi>lirwin<>>lMi!l ,|<<|iilMiat>MiNwWMWWWll® Wii ii'M.u*" ttM.ll»iim*»l|»Tli ? ' 'MiIjN—SIIMH»̂ ri>iftallii*8>.i««> ■*» WMfiW1-

0 10 I I  10 I I

m o f  0 * o s  sr shkcm

C hlturo
QtSlgnft-
t io n

k CK&$ 0,04 0.11 0*004 0*00®

.*0,01 0 ,04 0.01 0 .00* D.O000

r Q.OB 0 .00  -0 .0 1 0 ,006  -O.iXIO®

r* 0,01 0*1 fi 0**1 0 .01$  0.01

F 0 ,04 0 ,4 1 1 .88 0 .0*7 0* Of

E 0 ,0 0 o .ts 2.18 0 .00* 0,101

0 -0 .0 3 -0.0* o a t -0 ,0 0 9 0*01

E -0*01 0 .0* 0,1® 0*00® o.oos

I -0*01 0 ,0 0 0,®1 0*00 o*m&

J 0,01 0 .1 5 0 .8* 0 .013 o .o ie

I m& o f  
g rov th

«t* s ir ld sss#
grawbh

o f

L -0 ,01 —0 • 0$ 0*1® O.OOi 0*011

0 0 .01 -0*01 o a t -0 .0 0 1 0.00©

*Ctolbttrs c o n d itio n s  o r supplem ents ar© thorn  d s s e r lb s*
in  t s b l s  &«



m e is  i i

pQ d a ta  a t ta in e d  frm i  th*  m&pRrixtmb* os th*  i a f %w$mm 
o f  th #  b a sa l o o n ttitu o a tf t*  pep tone , amino «ub4&# and 

t u f f o r  udartar** on th #  p ro to o ly t lo  a c t i v i t y  
o f  th#  to o t  o rgan i«»

-* ’A*'1«»•

C ontro ls C u ltu re*

*,i4i l in r #

riays- of Xneubebiext

a a
pH.

A 6«8t 6.90 0,7# 6.03

S e*ii 8 .00 0.72 6 .74

c «•« 0.00 6.80 6,73

'i) 6,71 6.70 0.72 6 ,6 0

E 6.71 6 .i# 6 ,80 6 • 01

r 6.72 6.72 «.,7§ 6,70

Cl «*7t 6*72 6.72 8,70

n 0.72 6,80 6.7* 6.79

T S.7I 6,79 6.70 6,73

J 6*74 6,76 8,72 6,78

i£ 6*60 6 .7 8 6.60 6,70

I. 6.72 6 ,8 9 0,76 6.70

M 6.70 6 ,80 8 .0 # 8.70

#O nlter®  e e n d itl t iM  o r 
baftle #*

oy$f>i«a»sit« a re  bhoee d eee rib ed in



o f g»$ m r  f a t  Cteiein* C en eu rren tly  w ith  th«  p ree ioua  experlaw ftt, & 

s t i l ly  was u n d e rtak es  to  compare te e  p ro te o ly t ie  a e t i r i t y  o f th e  ex p eri*

a e a ta l  organism a* p re v io u s ly  detwr&laed* with the enaymatie and a o ld  

d ig s  s t i e s  o f e a se ls*  A s u f f i e l e a t  asiotmt o f th e  s to c k  o& i#in s o lu t io n  

r0K3aiBii3.fi: fro® tea prsnrieue extardâ ttt (table S) was now eapieyed ia 
tho & eid*ensys» ile  d l& estien  experiinent which was designed a# 4# serf bed 
i a  tftb i*  IS* th® f s r e e l  t i t r a t i o n  d a ta  a rc  d e ta i le d  in  ta b ic  14*

fABLR i n

Th® es»p*riss« i o f  te c  a c id  H ydro ly sis  and p a n c re a tic
d ig e s tio n  of & I*© |>er ©oat o sse in  s o lu t io n

D igestion  F la sk  D esignation

A 1 € B B
■.mu*wtMti; »i 11 •***»*iwiir >ni <wwirnw.iw—npm».r» •ii<Mwjiii«ni»î ^^*^iŜ«w»w«waaiwaiWiewlwMiiiiw»<iw»^iar<wi*|i'rii<*i.ifcMWi»*»w*i»ii<w»i'»'Wi' *m»»w»wi><w »<»■»**

•■•cHistitaeoita,/ 100 ad o f  so lo*
r""11'1'~" "1l,r Tl r ~nr iriJ~ ^ '

V itaairi'» free  C assia  2*5 g x  x  m * x
Sorensen Vkosphate Staffer pH 8*4

P ancreatic , S e lu tle a  ~ 10 id  100 «g 200 aâ  @00 isg HCl

c o n tro la  
Yltas&nrfree casein E.S g
gerensea  Fhat* 8nf£* pH 8*4 0 o 0
f e a e r e a t i a  S o lu tio n  -  10 a&

{in & e tiv s te d )
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a n a ly s is  o f  t m  iribmmin*»£rmm c a se in  u i t l  in  th e  tx p e riisv n t in  

fu rn ish e d  by th e  m b r i t tm m l  B iooheadeala C erperah i m  an f o i l  owns

& 2*6# c a se in  s o lu t io n  e o n ta ia s  2*8 g c a se in  / l 0 0  sal*
th e  water o e n te n t will th e re fo re  be 2.8 x 0*0® •  0*2 g H»0* 
th an  2«® ~ 0*2 a  8*3 g p ro te in  l a  100 ml o f %*$% c a se in  i o l» t io a .
i f »  2*$ x 0.16 » 0*343 g nitrogen present i s  ICO *& o f  3*3:1 
e ee e tii s o lu t io n .
thin is  e q u iv a le n t to 0.0034® g nitrogen /mi#

The etom le weight of nitrogen is  14*0 g, and a 0.08 S solution of 
n itro g e n  will c o n ta in  0.7  tag n itro g e n /a d . In th e  form al titra tion  
0 *1© eq u iw alea t o f an amina ©old will bs neutralised by on© e q u iv a le n t 
o f  alkali.

S i mm  0*7 mg n itro g e n  * i  ml o f  O.OS .is liacii th e r e f o r e ,  
theoretical to tal n itro g e n  In  te rn s  o f  &eOH *

Si.9££f£ * 4,03 ml of 0.08 b Ma<M
0,0001

In o th o r words i f  a l l  th o  n itro g e n  co n ta ined  i s  a  2*1* per ©oat 

s o lu t io n  o f c a se in  war© imdo a m  11 a b le  l a  th e  form al t i t r a t i o n * then  

4 .0 3  ml o f 0*O8 I  SaQti would b# re q u ire d  in  th e  t i t r a t i o n .  A c tu a lly  

o f course* th e  t ru e  raXae w i l l  be eaawwiiah lo s s  th a n  t h i s  sin©# scae  of 

th e  n itro g e n  i s  in  a form  in cap ab le  o f being  t i t r a t e d  i s  th e  fen n e l 

t i t r a t i o n .  H e ee rth e le ss  t h i s  walue re p re s e n ts  a s a i i a s  l im i t  th e  u se  

o f whioh en ab les  th e  d e te rs d n a tio n  o f th e  deg ree  o f h y d ro ly s is*

I f  we refer to  th e  form al titra tion  d lff© reu ses  in  tables 14 and 

11 r e s p e c t iv e ly ,  we may l i s t  th e  r e s u l t s  o f  th e  d i f f e r e n t  d igestion®  i s  

te rm s of 0.0S % Macs mm foil awe?

fatal n ltrb iy tn  c o n te n t of a 2* j c a s e in  » o lu t io n ( l  ad.)

f a t a l  n itro g en *  m oistu re  f r e e  b a s is  *  IblM
total Moisture* maxlsMa Z S?

4.93 ml of 0.08 s»0;i

3*90 ml ,s " *
fn n e re a t le  d ig e s t io n  o f  f*lv- ©as©in e o la t io n  (1 ml)
"" “r" 'x;im x # S ,  "*

14~ t i  { m o  V%)
l.v# ml •
1*92 a i  *

of 2 o a se la  so lo  t io n  (1 a tt)
11-E
1 1 -f
11-1

i . a s  ®i WH *
2 . 1 S  i a l  w 81

0.61 ®a " lf 81



tfe ©an now © alo u la te  th e  pereent*£© h y d ro ly s is  from  th e  tb o w  

d a ta  a® fed low s«
2©.©id hydrolys i s  114-9 )  2  3*90 a ?S.O^

W^oretleai ^botST^’SroiMr^ T31

gaaeratttle d ig e stio n  ( 14"*A» p )  2 1 *l>5 «
acl^^l^roly ils 3*90

panereetie digestion (14-B) a l*fg w 49*2
a^id'hydr'oiysls" ' * ~ r ' ’ ~'™"Tr ' I t W

b a c te r i a l  d ig e s tio n  (11-F ) m 1»88 9 48*0%
aeid hydrolysis 3*90

bao tsarla l d ig e s tio n  (11-F) m 2*15 .  ̂ sr î*:.
iT irh 'y S 'rT iy T is   --------- T 3 5  “ "

bacter ial d ig e s t io n  (11-X) m 0*61 « 16#T/^
a c id  h y S ^ ^ l s  "̂'™-' r-'“r“r“r” ¥*"9(5

V xam inetlaa o f th e  above d a ta  r e v e a ls  th a t  th e  method of a c id

h y d ro ly s is  o f th e  ©asola s o lu t io n  was about T9 per ©ant ©f f  e o tlv e  i a
Zren d e rin g  th a  a v a i la b le  n itro g e n  t i t r a b l e  by th e  form al t i t r a t i o n *  The 

panereati©  d ig e s tio n  r e s u l te d  in  an approxim ate 40-60 per ©ant h y d ro ly s is  

wnich compares fav o rab ly  n?ite th e  d a ta  from Hahyun (1946)* In  c o n tr a s t  

i t  any be no ted  t h a t  th e  b a c te r ia l  d ig e s tio n  ranged from  app rox issa te ly  

16-bb per e a n t and tlioroby a c tu a l ly  a^aeaaading th e  h y d ro ly s is  induced by 

th e  ©omoaroial ensyise* These h y d ro ly s is  v a lu e s  r e p re s e n t  a  lw # p  range 

th an  i s  probably  © a m la te n t w ith  th e  a c tu a l  ©onditioBS. This i s  so 

because th e  so ld  h y d ro ly s is  ©enverbed r e l a t i v e ly  a l l  th e  n itro g e n  p re s e n t

%■fills low ree ev e ry  o f  th e  n itro g e n  m s  undeab ted ly  due to  th e  fo o t  
t h a t  th e  c a se in  was f i l t e r e d  th rough  th e  ‘handler f i l t e r  f o r  purposes of 
s t e r i l i s a t i o n *  sd lerok je ldah l d e te rm in a tio n s  o f  eueh f i l t r a t e s  showed 
a 15-30 per ©eat r e t e a t l v i t y  o f n itro g e n  by te e  f i l t e r  depending, upon 
th e  ©ofieanferatien of th© © asola f i l t e r e d *



47

in th e  c a s e in  s o lu t io n  into t i t r a b l e  n itro g en *  On th e  other hand, 

th e  ensysnatic and b a c te r i a l  4 i l l a t i o n s  undoubted ly  converted  ®mm 

f r a c t io n  o f  th e  c a s e in  n itro g e n  in to  a for® -which s t i l l  was n o t w holly  

titrable os for example i out o f 2 nitrogen atoms in tryp tophane*  or 

t  ou t of 3 n itro g e n  * to»s in h i  s t i l l  in s  ( Z eln ick  and user (1949)* i s n p *  

tholes© this tre a tm e n t o f  th s  data afford© some mean* of a tn ro a in a t li id  

the p ercen tage  ©** hydrolysis accom plished by th e  bacterium *

fhe Im p lic a tio n s  of the b a e t s r i a l  digestion Talmas may be f u r th e r  

examined. For ©sample, C u ltu re  11«*F shows a s a s s ln  hydrolysis equal 

to  approximately fib per cent. This do©® not imply that 4b m r  o©nt of 

the original p ro te in  reo a in ed  eheisLeally i n t a c t  «hcn su b je c ted  to th e  

action of th e  pro teas© system  o f  th e  test organism, The »5 per c o a t 

h y d ro ly s is  f ig u re  in d ic a te s  on ly  th a t  BB o u t  o f  100 p e rc e n t a v a i la b le  

n itro g e n  in th e  2, § par c e n t c a se in  s o lu t io n  was rendered chemically 

s u s c e p tib le  to  th e  form ol titration* .A p ro p e rty  which t h i s  nitrogen 

f r a c t io n  did not possess p r io r  to the bacterial action, by virtu© o f i t s  

being bound up in it® original complex protein form* F u r th e r  i t  i s  

in te r e s t in g  to  observe that a lthough  only £6 per c e n t o f th e  total 

protein n itro g e n  in C ultu re  1X-F had been reduced to such simple su b s tan ces  

a s  amino acid® which were capab le  o f be ing  t i t r a t e d  in  th e  formo! t i t r a 

t io n ,  y e t  f u l l y  100 per cent of th e  original c a se in  sms near converted  

In to  sim pler n itro g e n o u s  substances*  t h i s  was r e a d i ly  sheen by th e  

heavy p r e c ip i t a te  caused  by th e  a d d it io n  o f a c id  to  th e  c o n tro l  and the  

la c k  o f  any p r e c ip i t a te  in  th e  c u l tu re  when su b je c ted  to  th e  same 

trea tm en t*  i'lresumably a l l  th e  p ro te in  in th e  c u l tu r e  had been degraded 

by 'b a c te r ia l  a c t io n  to  th e  degree t h a t  i t  was no lo n g er p re e i  p i ta b le  

by acid*
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n o t ve ry  s a t is f a c to ry *  i t  wm# co nsidered  d ea l r&bie to  c o r r e la te  v ia b le  

and t o t a l  acu n ts  w ith  p r o te o ly t ic  l e t M t y  and th e re b y  gain  a  1001*0 

©cmplete p ic tu re  o f th e  proeese* In so fa r  a»  t o t a l  coun ts ware concerned* 

th e se  w ars found to  be q u ite  d i f f i c u l t  o f a©©exspl i eformnt  a t  tin* ft due 

to  tfco p ro d u c tio n  o f  "g h o st” f o r m  o f th o  organism  which re fu sed  to  tales 

th e  s t a in  (Gsugihran 194?)* Consequently v ia b le  coun ts wcr# found upon 

occasio n  to  exceed t o t a l  counts* fM # was undoubtedly  duo to  tho  ra p id  

a n te ! y s is  o f  th o  organism  w ith  subsequen t p ro d u ctio n  o f  tho  so "ghost*  

f o r m  which. war# naianed In  tho  ss ie reseep le  counts*

Tho in n a te  s e n s i t i v i t y  o f tho  organism  to  an a l t e r e d  environm ent 

rendered  th o  accom plishm ent o f ae © urate v ia b le  coun ts d i f f i c u l t *

Id e n t ic a l  in e e u la  wore in tro d u c ed  In to  a  a o rlo a  o f d i f f e r e n t  media* and 

.immediately t h e r e a f t e r  a l iq u o ts  w®r® withdrawn and p la te d  « l .  'in v ariab 

ly  th e  v ia b le  eod» ts were n o t alw ays id e n t ic a l  fo r  a l l  c u ltu re  finales*
A $Sftt t im e t th o  v a r ia t io n  would range from  10 to  IO p er m l. A lso in  

p la t in g  o u t d i lu t io n s  from a s in g le  ©ultasre f l a s k  i t  was d i f f i c u l t  to  

s a t i s f a c to r y  coun ts re p re se n tin g  th#  m u ltip le  d ilu t io n s *  Indeed in  

mrm  in s ta n c e s  i t  was d i f f i c u l t  to  g e t s a t i s f a c to r y  d u p lic a te  p la te s*

This type  o f  s e n s i t i v i t y  o r I r r e g u la r i t y  i s  d isc u sse d  in  th e  paper by 

taxieen (19$$)*

In  view o f th e s e  d is c o rd a n t r e s u l t s  i t  i s  b e s t  to  dw ell In  

g e n e r a l i t i e s  w ith  re s p e o t to  th e  v ia b le  co u n ts  o b ta in ed  in  t h i s  problem* 

The inoou in  wtiieh were in tro d u c ed  in to  th e  c u l tu r e  f la s k s  u s u a l ly  f e l l
ja

below 10 per m l, s in c e  i t  was considered  o f  advantage to  employ minimal 

amount« of -the organ ism t rk*st s u f f i c i e n t  to  i n i t i a t e  growth in  th e

c u ltu re *  There were la m ste ra b le  in s ta n c e s  o f b a e te r la l  mil t l  pi t e a t  ion
7in  'the m edia, maximal v ia b le  co u n ts  never being h ig h e r th a n  d*0 a  10



m

per ®1* There was mo s t r i c t  c o r r e la t io n  between om ntm  and p ro te o ly t ie  

n a tiv i ty *  For exn»p lev ft c e r ta in  b & cie ria l ©cmnt would be re s p o n s ib le  

f o r  a h igh  p r o te o ly t ic  a o t i v i t y ,  whieh could n o t be approached fey an

o th e r  fe e e te r ia l eoun t t h a t  w** 2 to  3 tlssea h ig h e r  than  th e  f l r e t *  i t  

may fee sa id  however th a t  ^eod p ro te o ly t ic  a c t i v i t y  was g e n e ra lly  

aeeettpaxiied by h igh  fea e te ria l eeuftte* f u r th e r ,  a c t i v i t y  wee u s u a l ly  

preceded by th e  ie v e lo p e e n t o f  th e  b a c te r ia l  population*



?

m r n m r  m m

The p h y s ic a l „ chem ical* and b io lo g ic a l  f a c to r s  istiioh in f lu e n c e  

th e  p r o te o ly t ic  a c t i v i t y  o f an o b lig a te*  th e rm o p h ilic  bacterium  

1 SOS) on a c a se in  jMMSiua have been s tu d ie d » The t e a t  organic©  was 

found to  fee in ca p ab le  o f  growing a t  a  tem pera tu re  o f 4B 0 i n  a  c a se in  

aediuau On th o  e th e r  hand i t  .grow w ell l i t  a  s im ila r  median a t  s§ c 

ami eahlbltedL p ro te o ly t ic  a c t i v i t y  which wa* detcrm iaed  fey tho  f o r  mol 

t i t r a t i o n *  The p erio d  o f  in c u b a tio n  was v a r ia b le  and found to  be 

depewAenb upon th o  oxygen te n s io n  o f  th e  medium* th e  e o n a a n tra tlo a  o f  

th o  c a s e in  employed, tho  c o n s t i tu t io n  of th e  medium, and th o  eendi t l o a  

o f tho  inoculum* optim al p ro te o ly t ic  a c t i v i t y  « «  found to  occur a t  

pH §*4^»'d*8 and

Tho oxygen te n s io n  o f  th e  sodium was found to  h are  a marked

in f lu e n c e  oa th e  p ro te o ly t ic  a c t i v i t y  of th o  organism* A form s!*

d e s c r ib in g  th o  oxygen te n s io n  o f th o  medium was d e riv e d  in  which tho

oxygon te n s io n  was d e fin e d  a s  v a ry in g  d i r e c t l y  w ith  th e  su rfa c e

a re a  o f  th o  medium and in v e rs e ly  a s  th e  depth  o f tho  ©odium* in  h ^

equal t o  74 w&e found to  supply  «un optim al © ondition o f oxygen te n s io n ,

h u t an  KO equal t o  47 was used i n  th e  ©cures o f th o  work duo to  th o  
g

l im i ta t io n *  o f in c u b a to r  space* Tho oxygon te n s io n  era* a ls o  found to  

v a ry  c r i t i c a l l y  w ith  tho  # i  o f th o  medium*

F fo to o ly a i*  occu rred  in  th e  $®tmnwm phosphate b u f fe r  a t  fell 7*0*

Till® b u f fe r  system  was employed th roughou t th e  co u rse  o f th o  experim ents* 

fhm VX*tb»luh9 feuffar system  a t  p8 9*0 and th e  b u f fe r
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