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Am «mate an th a  agm tliaata o f baa ta r& a l anaymaa la  

fkoad a t tte  crataat by Mm tru th  aatw diad In  Mm apimsiam 

o f Hauvlea BSaalla In  b la  taaah ing  a t Mm Baabaue fo a tltM b a i 

"mm baa tcrS a l aa H  la  a  laaaala o f cn tlgaoa  aad anaymaa. "

Tha g a tta m  la  ao In trla a lm  aaao w ltM n  a a la g la  opaoSaa 

M m t any ana In va a tig a b o r aan bmp# to  ttsrcm  o n ly  a l i t t l a  

ISgbb on a m inuta eoaner a f tb ta  noaala . In  Mm aevit tb a t 

focoB Mm a db jaa t aa ttw p o f MtSa Mmala Sat aaaa t la  aonaaom 

b ra ted  an a  a ln g la  anayma, aoagulaaa# o f a  o in g la  bnaberSal 

apaaSaa, gtnabgloeoaeua an im a l»

mrnrna ava many aaaaooa fo r  atm aaios bo SrOvaaMLgaba 

M ila  pavblaalm a anayoa* Moab b a a b w la l aoaymaa am# aomaan 

bo a la rg a  om bw  o f apaeSaa -  aoagalaoa la  un lqpa. I t  la  

pcwMaod o n ly  by abaafet. map&m» Hoot baab a n » ! anayaaa 

aab aa maaXl lin b a  In  long  ebalna o f aatobol l c ra aablona •  

eoagulaaa apyaera to  baaa o n ly  ona fo tm blcn» Mm c lo ttin g  o f 

^ 'plaanm . Moat b a o b o rla l aamfOKm mam Olaborabad in  an 

aabiao fa rm  by Mm ampnlam  -  aaatgnlaaa la  praOnead in  an 

Inaablaa ataba and ra q u lra a  fo r  aabiaablon Mm bntaraanblon 

o f a faabo r pmaaa n t in  Mm plaaaa o f a n ia n la * f in a lly ,  an 

a d d lb lo n a l In b a ro a t abtaeim a to  th ia  anayaa ftw a  Mm In -  

araaa lng ompbaaia nom be ing plaaciü on tb a  lô la  la  aababl l abm 

la g  abaybylaaoocal iitfa e b lo a a .



8.

Par thaea r aaaooa I t  ana daa&dad to  laaw ibSgkto aam- 

d ltla n a  govam log to e  fo n e tla a  and mato aobloo o f 

aoagudaaa, Vbm lOtoMKHSlabbSEtg anayna a f Stataw amaia»»

% a lavaabigablona f a l l  In to  thaaa m ain d iv la io a a i 

(1 ) fa a to ra  a ffa a b l« g  aaagalaaa yvadiN blon la  la to n tto cg r 

m adia, (8 ) fa a to ra  a ffa a b ia g  aoaguSaaa gr edaati on in  M w ot* 

a a lly  d a fla a d  m adia, and (8 ) to a  natova o f toa M aablon by 

mtateh aea#i1aaa la  aonvtoted to  Ito  aab&aa foam.

Tba moate on aoagalaaa paodmatoeo in  ohaw la a lly  da flnad  

madia and la  laba ra toay madia ana dona p a rtly  la  eeHtoeea-» 

tla o  a lto  a to a r naafcara  a f tto  W ya rtoao t a f B aa tw la loey#  

Staa aoafc cm to a  wmvmmSaa o f eeagtilaaa to  a e tia a  eoe®claaa 

aaa dona a n tlv a ly  la  aiÆ W aoaatlon. Xtaaogboat tom taab 

tlh llc w N ^ M a  refK taaaaa la d lo a to  afcmt aaa jo in t aeok.
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fm  d j t o o w y  « f

Mm a a rlS m t —n ttc n  la  Mm lltm m tc r#  o f Mm a b llife y  

o f Stanh» mvamm bo ooooo b lood  bo o lo b  om  la  garb oa 

oeroaooom fla d ia g . mwa loO b (1908) gW bllohad Mm roou lba  

^  o aadm r o f o ig o rl—n t»  in  M ilo lt ho twobod Mm geow  «T 

booMi oo lbw oo o f d lffoTC ob oogaalonB bo o lo b  goeoo nAamm 

(agoabaaoooaly o  o w y  a lo o -c lo b b la g  g la — ) Im rtoo rbad  

bimb rn o jU lm  taM m aim . .d lgW m N oo.

C» a a ro a la . abragboooeol and bubaaola baoU U  oara «IM m ut 

a ffa o b , bbmb dmssamm.. .m M M im m

and Baabariaa o o li had aoaa a lob tong  goam r, and bhab

auratm  had oaay aaximd a lo b b ta s poaap» m  ho llaood  bhab 

Mm dtffoaaeaaa habaaan abaeh, mmam. mod m o b , m oaranamm. 

m ob, jw o d ls lo a o n  and m o b . eoU  oaro d iffm raoaaa o f dagreo 

and d id  nob « o a lla o  bhab Mm aMUMT Of SMtfdw a ttto o f bo 

oauao aaagiilabtnn o f b lood  «no o f a  galbe d lo b la e b iva  aa tnra* 

lo e b 'a  aorenaouo r aoo lta aoo non oaorMmd bo Mm faab 

bhab be aoobmd olM a goooa glaoaa eeeba ln lns ao anbl-b&obbing 

agaob* Oooae and oMkmp fo a l gb taraa a re  baean bo ra a a tn  

f lu id  fa r  a  aooaideoahla b ine  i f  hmgb in  alaan vaaae le  fboa 

fMem oxbWMmoaa g a rb la lo e  to io h  acA aa fo o l fo r  o lo b  fo rn a - 

b lo n . Mm haoberSal a a lla  sa y . In  aoam aomoa, haoa aabad 

aa fo a l In  Loto%  ojQMHrtaoaba. , Xb la  a la o  paaalh la  Mmb



6.

Mm pem dwte o f a e W b o lim  (Ittw md d w la g  8* te a m * gpooth 

o f th #  oogM ilas) cou ld  Imvo coaood o  ohongo In  gS l ood ing  

to  eoogalotton» Aa taotaaoo o f aOEHOpeoiflo « lo ttin g  o f 

b lood  lo  M m t duo to  w tlU o o tlo n  o f Mm o n ti< m le ttla g  ogont 

by b o o to rlo . Ram Mm u t lliM t lo n  o f e lta o to  by b o o to rto  

pveoont la  o lM o to d  b lood o ltlm a to ly  looda to  « lo t fam aatloo 

(LeoSm atl, Caooay, aarpa# *  R aonla, 1 M 7 | aorpor & Gomay, 

1046).

C lo ttin g  o f WLood b y atapb» aanwwm Is  g u lta  d ia  tln a t • 

iam tb a  aanayla oantlonad oboaa. X t la  a  im lgoa preptap^ 

o f y |*ff*tT  and I ts  d laoow oy abm ild  poopMPly bo

a ttrlto u to d  to  Mmb (1908)* la a  «mat M m aou^ aad aatonalaa 

in va a tlg a k lo a  o f Mm « lo ttin g  o f b lood by Staob* amwm ba 

dlaeovafod a  aaxioa o f fa o ta  about Mm nature m£ Mm p rat  aaa 

to ic b  a re  a a b o ta n tla lly  aooaptad to *6ay alMam gb aoam a f Maw 

bare baaa aballangad by d lffo x o a t aorteara d tria g  Mm paat 

f0 9 rty *fo a r jrauuna. Qcm fa a la . Indeed, tb a t a  g re a t d e a l 

maae a re d lt is  due to  Mmb aa Mm d laeoao re r o f eaagnlsao 

Mmn to  Loab*

a io  attaoM U » aaa d lre o ta d  to  tb a  pbaoomaoao by aa 

OboareaMUm M a t Mmm staab* mmouo aaa added to  boaaa b lood 

I t  aauaad I t  to  a lo t, abareaa a tro p to o o to l, pmaw moaae l,

and B* o o li d id  n o t. 60 aarkad a lth  a lta a ta d

b lood  and aboaed M m t alM m niÿ» tb a  apaad o f a lo ttla g  aaa 

M la ta d  to  Mm amonnt o f BtaMw aaraaa addad. Mm a la t aaa



0#

n e t du» to  th e  aapply a f aa la lm a by toa w@ m l«aa o r to  tba  

reaevB l o f e ttra to . w ith  d lf fo r m t a too ioa  o f Stobh- mmom 

tb a  o lo ttin g  pow r  aoa timmd to  v a ry , b o t o itb  S ta to . albua 

aad o& tb o to a r b o e to trta l apaoioe no MLat fonaad* tbah 

raaognlamd tb a t tb a  aaabanlam o f a la to ia g  by B ta a î  anrowe 

d id  n o t im o lv a  throabtne Ha aboaad tb a t fito in a g a a , 

obSeb ooo ld  ba e la tto d  ^  tb ra n t» ia , aaa n o t a lo tta d  by Staoh# 

anraua. Tba iB pU eatiem a o f tb ia  fin d in g  «ara o a t to p ro a l* 

a tad  u n to l 1914 toen  to ito  % # 1 #  (1944) aboamd tb a t a ao* 

fO a to r aaa ra g u ira d . Ha a la o  found tb a t tba  procbm t a f 

atanb# mvamm oaaaing a la t aaa o o ltb w  p ra tb ro n b la  n o r 

tlaraobolcinaaa a ln a o , f ir a t ly ,  a& toato <Ud n e t iageda to o  

n a tio n  o f and , a o to o d ly , p u v tfia d  fib rin o g a n

* tbrcwboM naae ♦ atojBh# anraua d id  n e t g iro  a o lo t*  

y& aaU y, be netod tb a  praaanee o f a  fS b rin e ly tiB  gra*hm t o f 

auBPoaa and o f o lo t W dW Ltora in  p la n a * @W fin d 

ing» o ra  aum aariaod ba loa*

1* R w  b lo o d -a la ttin g  pr ope rty  o f ataedw auraua la  umlipm 

and ia  aaaoaiated a lth  tb a  pMflaogaaSe (aaam a) a tra ia a  and 

mat a lth  tb a  nea-patbagnoda (a lb a a ) a tra m .

8* S tm in a  d if fe r  In  ragupd to  tb ia  p ro p e rty*

8 . The b lo o d ^ o ld tttn g  naabaniam o f s ta to #  auraua ia  d lfm *  

a n t f m  to o  n a ra a l o la ttln g  maobnniam a f b laad .

4 * % a « lo ttin g  agnat Sm n o t p ra tb ro a b in , tbrombobioaao o r 

t & m b i n *



9* Rm « ItttS a g  « a n t «AU  n o t « lo t pmpAMod fitn o o g m *

9 . A flb rlx M A y tle  « a to t la  aoaattmaa ««aoolatad a lth  is tm  
•la ttia g  mgmt.
7 . C lo t la h ib lto ra  mtjf ba praaaat In  p la n a *

Buab d id  n o t, and o b v ie a a iy  oou ld  n o t, fu lly  lo ta rp ra t 

tb a  raaulta o f b la  anrk, b u t from  th e  pMpapoativa o f pcaaW k 

booolodaa S t la  elaar tb a t ha e s tm ia h a d  moat a f tb a  w U a n t 

ahavaetava th e  b la a d -a la ttln g  paogwr ty  o f S tash. a a m a « 

Haagr o f th e  im m a tlg a tla n a  o f to la  a u h ja a t d u rla a  to o  paat 

fo r ty  yaara homo oeua la tad o f a vwrAf l amt t an and aapaaalon 

o f mueh'a fln d la g o . Tba gr eato o f a w  hnealodga a f 

ooagulaaa a inoa thaaa f i r s t  axporlaanto  a f tooh fcHma tha  

a to ja a t n a tte r o f th e  fb llo a in g  pagm *

m tra- or aataa-aaUuXar mtoea...«f. . r r  m m
K le lneehB id t (1909) attam ptad to  mapaaata #  e loM dng 

agent from  c u ltu re s  a taphyloaaae i by Bartoef e id  fU to a *  

tlo Q  #md «naaaluûad th a t th e  t o i l i t y  te  cA ot paaawa wm 

M aoo ia tad  a&to liv in g  aaU a aitm e he fbuod no a a tiv ity  im  

th e  fU tra ta . O aatla <1981) fam w  a o t ir ity  in  too fS ltr to a  

from  a  o u ltw a  o f S taeh. m ra ua . bW  ainoa to e  a a lla  had 

been lyaad  by baeterSeibega tb a  guaa tio m o f ahatbar aoagoil- 

aaa «ma a a xfiim d  to  tb a  c e lls  d w io g  U fa  o r lib w a ta d  in to  

th e  m éditai rem ained tm raaolaad. O ra tia  d id  n o t apaaixy 

th e  type  a f f i l t e r  tmad m m x, aa « i l l  ba aaaa la tw p , tb ia



poSat Sa « r MMw SapevtoQoe - Qram  (1937) fomad eoagilM M  

•o tlv & ty  la  « u ltw M  «sloh  imd b##a pa#m#d to rooab S o it#  

f i l t w *  and «cctflnm d tb ia  a o a u lt fo u r yaara la tw  (d ra m , 

1931). Keskaa (1900), baaavar # aaa u n to la  to  d a te e t any 

a e tia ltg r ia  th a  liq u id  paaaiag th rough omttWimaA f  ilta r a  

and aonolatoâ frw a  th is , and fr tw  tb a  n n u lts  o f aaqpnrtwanfa 

uaing b a a t*k illa d  a ta sd y lao o a e i, M a t tb a  eoaga la tlag  p ro * 

p a rly  aaa «aao c la to d  a ith  lia #  a ta p ty lo o o e e i «m ly. Oangea 

(1 (0 3 ) aaa a b le  to  dam onatreta a lig h t a e tiv ity  ia  f iltr a ta a  

o f tw o tb  a u ltw a a  a ith  S a its  o r CbaaOerland f ilt e r s ,  b u t 

fcMod tb a t moot o f the  aee#aaaa ia  the  a r ig in s l aULtorea 

bad baaa lo o t In  f iltc a t io o . 90 n o tla a d , boeeaer, tb a t 

i f  d e f ib rin a te d  pXaaaa aaa adoad to  toe  a u lta ra  a e d ita i nea t 

o f tb a  eaogulaaa aoa ld  ba f ilto m d  a itb o o t loaa*

to re  d e fin ite  aridanea to o t ooagulaae aaa filto ra td lo , 

a t le a s t th rw g h  S e ztn fe ld  f ilt e r a ,  aaa praaSdad by 

tatdmeueegbea (1934a) to o  foomd th a t aoagnlaae aould pam 

th ro to k  a Beabafeld to t  n e t a  ctauitarlB Q d f i l t a r ,  end by
■'Î

to la  to o  (M 33) aha found to o t i t  aoo ld  pae» torough a  Baaka- 

fo ld  to t  n o t tb rougk #  S a lts  f i l t a r .  A p o M ib la  aaplenaticm  

o f too in a b ility  o f some e a r lie r  aorkexa to  d e tto t aaagulaaa 

in  B exkefe ld f ilt r a te a  ia  p rovided  by r ia h w  (1936a) aha 

found tb a t the  a a to o t o f eoagulaee p—a l n g  th r e u g d *  a f i l t a r  

d iffe re d  fre n  s tra in  to  e tre in  and aaa a p p a re n tly  n e t re la te d  

to  to e  a e tia ity  o f th e  aho la o u lto ra .



A t th l#  p e rio d  the meet tost cou ld  be esM fe e  tbe  

xeeulte o f f lltx e t lo a  expertaente nas tb a t th e y bad abam  

th a t i t  aaa poaa ib le  te  f l l t w  eaagulaae tbpcmgh iW m tefaM  

f llt w a .  A c le a r aneeer to  th e  praMam a f to e tb e r e e a g tl* 

eae eaa an te tre .a e llu le r  o r e x tra -a a U u la r produat (HT 

a tapbyloeeaci bad n o t been p rovided  Moat o f tbe  a tp a ri- 

aeata bad been eauaer ued e ith  M e q u a lita tiv e  deoana tre tiM i 

o f the preaanee o f eoagulaaa in  f ilt r a te a  and In  tbaaa 

aaaaa vhere a c tiv ity  eea found in  M e f ilt r a te a  i t  m igbt 

have been due to  aoagUleme lib e ra te d  ly  a e ll a u tc ly a ia *

P la a lly  Sm ito A iW a  (1044) proved a a n e lu a iva iy  th a t 

aoe ffjleaa  eea aa a a d sra -e e llid a r p ro d vttt o f a ta p ty lo e a o c i* 

th in g  a Oradeeol aambrane o f e p e o lfic  pore a iae  (o*78yu) 
they eere ab le  to  O btain  a a tw ila  f ilt r a t e  aa e a tiv e  aa 

tb e  a r ig ia a l a u ltu re  (eea p. 19) .  The d iaaovw y re p o rte d  

in  tb ia  OMM» paper tb a t aoagulaoe ia  prodaaed by etapbylO " 

eoaei in  an in a c tiv e  fo rm  vbtoh d iffw e  im  pr o p e rtlea fMaa 

th e  aoMlve a m te ria l farm ed in  th e  i« e a«pee o f plaasa aap la ine 

vby Ommgeu (1959) and la b o r boado to i (1044) foomd tba 

f  U te ra b ility  o f oaagulaae g re a tly  Inereaoed by th e  a d \H tic o  

o f plaoom*

F u rth e r eoate am the  R L ltra tio a  o f eaagulaae by 

Im tb a tie t & iBUtoe (1947) aboecd M a t tba  amoont paaaing the  

f i l t a r  eaa g re a tly  o f f  acted by the  pd o f th e  liq u id , and 

H ia le  (1949) famnd n e t o n ly  tb a t th e  pB a ffe a te d  tb a  y ie ld
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b o t a lM  th a t th e  (grp# o f f  i l t w  la rg o ly  do tm d n od  otoetoo» 

ooogilooo m* fllte x m b lo  o r n o t. Rmkpo om  no loo# on 

f ilte r in g  th rough  BnrtBOfoKl (V ) oaadloo and o ltg h t Sow o lth  

o in tM o d  g lM o , to t  S e its , CboobeAond and H m dler f ilte r a  

e a a p lo te ly  re ta in e d  eeagulaee.

To ana w , oaagulaee is  aa e a tm -e e lln la r jaedoot «t 

staphyloeeaoi, ta t i t *  R L lt ta a t ili^  largely dto#ad* ea the  

eonditioM under ebioh filM atlao  ia  e a rrlo d  out.

Boat a te tilita r  e f eoagalaee

The f i r s t  e xp e ria m te  on tb a  a ffO a t e f boat aa 

eeagtilaeo oere aade Igr Oooseabeeh ft toeura ( i t l f i ) .  They 

found th a t tb a  eeagu la ting  a o tie c i a f e ta p ty lo e e e c i o m  n e t 

depM daot on th e  preeenM  e f liv in g  a e lla  siaae e«jdtorM  

k ille d  by h a s tin g  ow e  e tU l oapahle o f e la ttin g  püaene; 

prolonged h e a tin g  (1# hsora a t 90^C «}, hoeover, deetroyod 

eeagulaea M t iv ity .  ta e e vo r, fe a r years la te r  O ra tia  

(U tto )  found th a t sueponsians e f ergeaiewe fro n  s o lid  s o l*  

to re s  iM t th e ir  peoer o f e la ttin g  p laM a  a fte r  he ing  k ille d  

by b e a t. XKdma (19#8> a la o  faood t% ^  k illia g  by h e a ting  

dM troyed  ooagalase and, m  a to tio a a d  e a r lie r  (see p *8 ) 

used th is  re s u lt to g e th e r o lth  th e  a o a u lts  o f h ia  f ilt r a t ie n  

M p M in m ts  as a b M ia  fo r  a a e a rtia g  tb a t th e  poser to  e le t 

p lM o a  is  associa ted  o n ly  o ith  liv in g  stapbyloeoee i. T h is 

M s e rtie n  o m  d isp roved  by QroM {1951} toon  ha denenat ra ts d
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tim t eeegttloee oou ld  e u rv lv * b ea ting  A w  1 how  a t #0% ., *  

teapera tw e  tn M m p stlh le  w ith  th e  a u rrlv a l o f eaU a* FurthMP 

p ro o f c f M o reX a tlT O ly high tiH w aostaM lity o f orud# oeagol* 

aa# aaa provided by the experlam nta o f (hmgou (2999) Is  «b lah 

ooagiiilaee su rv ive d  h e a tin g  fo r  80 nienitee a t 10080. The 

d isagraoneat a h to t tb a  h e a t-s ts h ility  o f ooagulase vaa 

beh ly due to  the  fe e t tb a t la  soma o f th e  tM te  euepm sion# 

o f orgpuslnai from  s o lid  o u ltu ra i o iiia h  oeata lnad l i t t l e  o r 

no eeagulaso «are used* Suajpm aim a o f crganlaoe from  

s o lid  eadia e ou ta ln  so l i t t le  eoaguloso tb a t e le t gK issaU y 

fO rse o n ly  a fte r  grooM  has takae plaee and hea ting  o f th e  

suBpenaisoa oould pravoot th is  g rae th *

lunareuB «KHrteeie s inae  deogoa have o o o fira a d  h is  fin d 

in g  M a t oeagelmeo ia  ve ry h e a t-s ta b le . S sla tan  (1999} 

found no le a * o f a o tiv ity  a fte r  h e a tin g  b ro th  o u ltu re o  A w  

19 adnotes a t 1 0 0 ^ . aad ve ry l i t t l e  loaa a fte r  90 m inutas 

a t 100% . PiahNP (1986a ) found th a t M o ro a is tm ia o  of 

eoagulaae in  b ro th  o u ltu re a  to  heat depended oa th e  s tx a ia , 

a o tiv ity  be ing o a q ^ te ly  lo s t a fte r  9 ednutea a t 66% , in  

mem and re ta in e d  a fte r  90 n in a tee  a t 100% . in  o M e rs .

S tra in  (tiffe re n e a »  in  M a ra o s ta b ility  have n o t, so fa r , boon 

ooB fin«ed. Sm ith & Hale (1944} found tb a t ooe® ilR *o a e t iv i^  

la rg e ly  su rv ive d  b o a tin g  fo r  90 ednutea a t 1 0 0 % .f th e re  vas 

eeae lo s s , hesevw , a fte r  90 a iim te a  a t 80% . and ra p id  in -  

a e tiv a tim  o f eeegixlaae f ilt r a te s  a t 296% . is lle e r.
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aamttma & Juarnni (1M 7) w r#  a ls o  laasbla to  soow o a a m ^ t#  

X naetlvatim s oven a fte r  90 sdoutaa a t 100% . R ua M a 

re la tiv e ly  tta rs a s ta b le  na tu re  o f eeagalaae appear# to  bar# 

teen ee U  e a ta b lla to d  by a m nber o f aerW p#.

The problem  o f tbe haet a tie b tlH y  o f o e g ilrta e  aasuaad 

a nee aa'pW t .# tb  tta  w tk  o f ta g e r (IM B b ). m fbiaeS tb a t 

s ta b ility  depend# to  a  la rg e  e x te n t en tba gee te to iee  a a tlo n  

e f a a te rla la  present In  e u ltu re  m edia, m aking  a ttb  a 

p u rifie d  p re p a ra tio n  o f eoaguXaso d loae ieed  in  d is tille d  

e a te r ba found M a t 79$ e f tb a  a c tiv ity  eea lo s t a fte r  SO 

a t 88% . and over #0)K a fte r  m) a lm te e  a t 9 < % .| 

eve r o f tb e  eoagalsee eaa ia a e tlv a te d  by bea ting  te r  IS  

a lnM es a t 100% . Even a t tb e  re la tiv e ly  la s  tem perature 

e f 97% . a so lm tle o  o f p u rifie d  ooagulase in  s a lin e  o r d is 

t ille d  e a te r ra p id ly  lo s t a c tiv ity  aXMoogb taxe same 

eeagtlaae d laeo lved la  peptone abeaed no deereaae ia

From Tagsr*# ré s u lta  i t  eemld asms tb a t th e  eoneepktcn 

o f oeegulase a# ro a a rksb ly  s ta b le  a t tom pere turw  o f 100% . 

o r sere  re q u ire s  to  be re v is e d ; ooagulase, lik e  tbe m a |e rlty  

o f emsymea, is  in a c tiv a te d  by he a tin g  to  100% *. bob hoM  

in a e tlv n tic a  can be prevented ty  one o r more e e n s tltu e n ta  

o f eeonmn e u ltu re  media sneb aa peptoos e s te r.
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off P3 m s ta b lM tr  of  eeam la##

Tbe f i r s t  obssr*a tl4R i oa tb s  s ffM t o f « t e ssg b i- 

ms# sms sad# by Vaotaaussgwa (1934o). as ob ts insd  tb s  

s u rp ris in g  re s u lt M a t tb a re  «as a  d e fin ite  le e e rio g  a f 

a a tiv ity  In  a eoagulaae p re p sra tie n  kep t a t pS 7 .5  fe r  43 

taeure as eoaqaved w ith  a o o n tro l m ein tsined a t 7 .6  a t 

th e  same ta s p e ra tw e . A pa rt troa th is  is o la te d  o b se n a tie n  

and the re p o rt by L s in e k l & B lla e  (1947) tbe  cm ly e th e r 

se rk on the  e ffe e t e f pH on toe  s ta b ility  o f ooagulase appeara 

to  be th a t e f Ta@or (194£k) «b leb  he a e rrie d  o u t on a p w i-  

fis d  prepavaticm . Sm feond tb a t eeegolase «as meet s ta b le  

beteeen pa 4 .5  and 7 .0 , and tb a t th e re  «as ra th e r ^p e ste r 

le s s  beteeen pH 8 .6  and 4 .0 * On tbe  a lk a lin e  s id e  th e re  

«as «Bated d e te rio ra tio n  e ith  M tg ^ te  le e s  e f a o tiv ity  a t 

pa 11*6 a fte r  82 hours a t 37% , A lthough l i t t le  « a rk has 

bean dm * on th e  s ta b ility  e f eoagalsse a t d iffe re n t le va w  

e f pa seme «eefinsaM on fo r  T a g e r's  fin d in g  is  provided by 

th e  fe e t tb a t eoagalese aan be t a r if  la d  mod om aeentrated by 

a  proeess in v o lv in g  a e ld  p re o ip ita tio n  a t pB 4 .0  and th is  

t r eataeat  does n o t seem to  esuse g re a t lo ss  o f a o tiv ity  

(K e le to o , 1M 5; Tager, 1 9 4 # ; ta lk e r , la ro s  & S to a ffe r, 

1948) t lo n in s k l 4  M ilne (1947) ebta ined re s u lts  vh ie h  a re  

in  apparent e o a tra d ie tio n  to  thooe o f Tagw * RMy fhuod 

th a t erode eoagulaae su rv ive d  h a s tin g  fe r  46 a in n te s  a t 66% . 

mxah b e tte r a t a s U g a tly  a lko U n e  then a  s lig h tly  a e id  pB.
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Iw ekrtovn, (H w ro a , so Meio a O R aquw r, 1095).

M a lo tlU a  eyeeere to  In te x fe r»  «Ath the  a c tio n  a f 

— ( t oaon,  IM S ; Agoaa, to p l an & S p ink, 1M 7 | 

ü ia la , 1M 9) a ltb a n g * to lto o r, la ro #  & SehaffO r (1948) d id  

n e t fin d  th is  ta  be s o . ig xe a  fonad th a t s tre y te -

aye in  eaa In b lM ta ry  and th is  aaa coo fivasd  hgr W Uest ££ jgL* 

M e feond W * t n u ls h a to ia a e ls , m xlphadiaaine vxiâ a sm disv 

o f fu n g a l a n tih ia tis a  do n e t in te rfe re  e ith  tbe  a o tie n  e f 

eaagoXaae, b u t th a t geopfJmm g ly e e l and aodiua asi ds a re  

in h lh ito ry .

Caagilaee ia  n e t in h ib ite d  by h irw lin , e itra ta  and 

aedltaa flo a rid o  (m e h , UMB) eam late (Oonasnbaoh ft m anra* 

1916) eehaa venaa, e b lo ra a e l fa s t p ink» hgrdxoquinone end
'Î

le a  axqrasn te n s io n  (a a ls to o , 1995) d ila ta  p ta n e l, petMM&aa 

penam gaoate and tx y p a fla v in s  a e ln tio n s  (Osngen, 1 9 K ) and 

heparin  (R ig d to , 1949). Faxkaa (1947) found im dU b ition  h r 

hm w ine and io d in e  a t eem esntratiaaa o f 0.9% and 0.5% 

re s p s o tiv a iy .

I t  aan too# be seen th a t m *h  ia fscm a tloa  as has been 

aaqtsbped fre m  tba ose of o a id to ia g  and redosing  agen ts, 

a g tib ie tlo s  and so fo r th  e o n s is ts  o f a am ber o f dstaehsd 

ebssrvstictas e h ish  add l i t t l e  to  caw koosledge o f esagpdsse. 

B ss to t in  th e  espe riaeo ts o f T sgsr (1943b) and la lk s r  «|̂  a l*  

(1948) th e  soartc sea e a rrio d  oM  e ith  eoagiftose eon ta in tx^; 

o U lto re  s a te r ta li e ith  sash e M s ria l esger ia std»  o f t)A a



k in d  eoQld o n ly  b# «xpeoted to  y ie ld  to fo ra o fc lM  oa in te r -  

fereneo o r aoa-iB terfw raaee o lth  th e  c lo ttin g  proeeac*

The f i r s t  o ttœ q t to  om aseatrstc oomgulsoe m e asds 

ty  m is tm  (1938)* u s i%  c o ll- fre e  f ilt r a te s  o f e te p ty lo - 

eeeeel e a ltu re s  he found th a t «oagulscM» oou ld  be w e e lp l- 

tftte d  by e th y l d e e h e l, smsmium eulphete sod se e tlo  m eld.

The p re e ip itm te  d id  n o t rep resen t # much p u re r a s te rlm l them 

th e  o r ig ia s l e u lW re , end to  M s a ss t oencentreted preperm - 

tie n a  th a t he oeuid nuke th e re  m e l i t t l e  o r no enhenmnsmt 

o f e e tlv ity  : p reenm bly eoegalmse bad been lo s t c r  m sdered 

in s e lu b ls  by the  tre e tm m t. F ish e r (193dm) e o n fim sd  th e  

fin d in g  M a t eoeiptlaee p re e lp itm te d  tto  en a c id  pH. d a ith  

ft m is  (1944) coneentrated th e  oradeeol aeaatiean» f ilt r a te #  

from  stapbyloeoeoal e a lM re e  by evapora ting  sens o f the  

w tm r under redmoed preseure a t do -  7 8 % ., and eb ta ined  m 

te a -fo ld  toeroM G  in  a c tiv ity *  to  none o f M sec espm rim ent# 

«as th e re  much p isriU tica ttoa  o f the  p ro d u ct.

The re s u lts  e f tbe f is e t a ttem pts to  aoh iem  a  h i# ü y  

eeocentrsted and p u rifie d  ooagttoac m rs  pub lished a lm est 

o lB B iltaasoasiy by m d W r, Teroe & s c h a fto r (1948) and Tagar 

(1948b)* m ik s r ^  g i*  to o k as th e ir  s ta rtin g  m atexdal 

d ig m t b ro th  e u ltn rm  o f Stooh* aureus frcm  M ic h  o m g s lM ls  

p ro te in s  had been rsoevod by hssEbtng. Coagnlase m s
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«ad p u rifie d  by #  tm o-stoge W W  g w a lp ito tlw  

and fre s a # -d rie d  be g ive  *  peeder vAM  e ve ry  M gb a e ttv lty . 

T h is peeder M oved e  eosgmleme e o ttv itg r p e r eg. e f otfeMOKk 

ebeet looo  tim es gre a ter  than M a t e f tb e  e r& g la a l m m terAal. 

Tbe o n ly  e r its r ie o  e f p w l^  vh te h  tb n ^  aeed eaa enbsnoe.

■eat o f a e tiv tlg r pe r a g . o f m ltr% s n ; 'th is  ess ao eceeSdsr- 

a b le , heeev e r,  tb a t aepM m tleo o f ooagalase Sfoa extraasaes 

s n ts r la l e a s t have (Hdoso p laee .

T a g sr's  aatbsd a f p vrtfyS n g  eoagalase Ifa g a r. IS iflb ) 

vas ears eoeplex M ao tb a t o f Msakar X t eaa baaed ea

a eeeparlacm  e f M s a ffe a ttve n e a s a f e M y l a lo a b o l, ae ld  red  

aemeoles .sulphate as p e e e lp lta o ts , and In sa lv ed s a id  aad 

aXsohel pM S S p tta tlan  o f eoagoXaaa e ith  aenoniqa so lpba te  

p re e ip ltM iQ ti o f le p u s ltle a . M o a t b s lf tb e  ensgxlsse a a tl*  

v lty  e f th e  b ro th  aulW Pe ess lo s t d a rin g  M s aevea stagse 

a f th e  « q e re tie e , b u t e loae ea st o f tb ia  a o ^ d  be aam antad 

fo r  In  the  va rio u s  AeaW oos ddsearded, aad eae aob dee to  

d e s tru s tlo o  o f eaagitlA se, Tbgar saggssted th a t h l# s r  jSmluBm 

eoa ld  be eb ta ined  by tageoeseset a f d e ta ils . #  a ls o  

p a in te d  o a t M e d a s lrs h lU ty  a f s g p ly ln g  M s nsthsds o f Baba 

a t 2^ . (1948) fo r  frs e ttG a a tlo n  o f p lsm #  aad M lls m s r'a  

(1946) asM sd fa r  p w d fla a itk n  a f b a to e M sl ta a ln s .

Tbgw *a (1948b) p o rlM a d  p rto s ra tls a  eas a  fbeesa* 

d rie d  poadsr g iv in g  e a tw  a lo a r to  a il# t ly  apnlsseent 

a e le tlo a s . T h is  poadsr bad a  vsvy h i# i a s tiv ltig r mad eea*
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m n itra te d  « s la fc lM * eouM  eXefe ptoaae a t a  d lla tlo o  a f ana 

p a rt in  sarw eal ■ illia n .  Xt aaaa# raaaonabla ta  aaqeat 

th a t a la h a ra tla a e  and Sageeaaawite o f T agar'a  (1 9 4 # ) 

astoad may y la ld  aaagidaaa a f aonpsambla p u rity  ta  tha 

w fy a ta lltn a  aiiiymsa* aiM angh fa g w  (1948b) d id  o a t 

a la im  ta  ham# la a la ta d  a para oaaigalaaa M a a n y  p a tan t 

pvoduBt ia  p rasm nh ly t ta  pwraat  n a tw d a l so fa r  aads* I t  

is  from  M s p ra p a ra tio o  th a t m ast o f tta  aatotinqg and ad * 

m itta d ly  inadaqm ta  ia fa rm a tio D  on t ta  a a tu ra  a f asagalasa 

has baaa d a riva d .

g ta  aattas. a f caa»tlaaa

T ta  f ir t a  to a ie a tio m  th a t ooagolata am  a avfemtaaaa

dt# ÎSM8B etiSSulS** AtrflO AM #%# tlCWSUMI OM SSIIB* AM

o a t d ia ly a M la  (o ro ta , U0@ )# oam latad r ta h it  plaamr, sas* 

poadsd in  a a a llto h a n a  bag in  a tw a th  a u ltim a  o f d tanh. 

aoraaa d id  n o t o lo t*  A s is d la r rao tO t «ms SM alnad by 

totasauaagtam  (1959) aha ftaaaS th ta  a taa  o m la ta d  plarmm 

ia o ra la ta d  «# th  stsp h * a w to a  and oomtMnad in  a  aoU adton 

bag aaa imaara ad in  s tm M lo  om alatad plramm tta  Inoocdatad 

p lasaa a loM od b a t t ta  « tw ila  pAaoma d id  n o t. Oungaa 

(1985) a o n ftn n d  tW a p o in t and fboad in  a d d itio n  th a t 

aaag d a oo acntld ba ampoaad to  d ia ly o is  fta * savavaA aaohs in  

a  e u rra n t a f physio l sgis a l s a lin s  m fk tao t la s s  o f a o tiv ity *
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Ooly «M  {tUs% oa« 1999) firand  # b l#

to  PHM to m a #  m dbO yslns ■eetamne* to  ftm nd tta ft parlO y 

p w lfto d  torn (palm me pammd tomvu#& t to  mmtomm*, to *  tto *  

t to  eeeigaasse Sa tto  %mww4fSimd «tiltaP Q  flltm to e  # 8  n o t* 

la vl#m  o r to 0HP*m fin d in g  t to t  «  mmih pmmv «to ÇBl mto  wm 

t o t  dlm Sgtobl# to la tc n **  ito la tm d  m to lt mm#t t o  a S trtto tto  

to  aoto M d d a n t at « s g to ito n t MOb am *  fa d ty  mmmtomn*#

to & tb  & m l#  (1944}» bnrSas fo to ft t t o t  towSm to tg d -  

# to  eould jjamm tto m g ^  0 .70 a* i—ta tn  imt» to t  t to t  3#m  mod 

l# m  @»t th rough  am tto  peam alma to w m e e d , ra o g M tto  t to t  

# to # a # to  to #  "#m #tlm a# to " Sa t to t  f t  «mamd t#  to  ew ee t»  

•t# A  m ltb  p M P t i t l M  o f fm lm ly u a ifto m  # iw . tb t t  to y  t o # »  

to # a  to  la  t t o ir  Seyore yr»p»m tioa»  b #  tty to S ttn to  mmtoStd 

o u t to  poGPifStd « o a ^u lt*»  ty  to g # * (Ito O b ) d id  n o t too fS n# 

tb lm  # S t*. togsp  fO tod t to t  d tto -to # t* if# @ # tlto  # t 

99»000 *.p#a# fo r  9  taoto# dS4 n o t g&r# t to  eedS toatetS to 

to  to  #tom #t»a i f  eoe#d##e « to#  o f f d r ly  Itrg m  g to tS o l#  

• Ito *  D w ttoednetleB o f to tS r lty  # t «oH o to  I t to l»  Sa tto  

o m trifo g »  to to  S#d hSa to  oopo la d» t to t  la  tto  vO to#* 

« to trifo g »  " t to  b to trS o o r o f oto^pfl##» I#  to r  n r»  o a tp tm d #  

to  t t o t  o f m am lltr np lo eal» »  »# o f tto  o rto r o f y ro to S a t." 

(p .4 9 9 ).

BoSdotoo fO r to »  p po to la  o tm tu r»  o f »»##il»»# So 

p o rtly  to m d  on tto  o fto o t o f d S g to tlr#  o a ty a n  npoa it»  

«b lob  to#  toon  ia m o tl^ to d  on tm o n o l ooomoSooo. f t o t ,



«0.

« o lo tK t (U B 9) fO m d th o t tryymSa In a o tiv o to d  oo ig it l#—  w d  

« •Ife to»  aaSmtCar à Vmrm (14M7) to m d  t to t  both  lo q rp ita  «Bd 

p»smUx e o a p lA to ly  dm bm god It#  « o tlv ity »  %### dutbo## 

p o in te d  « u t tb # t m ltbewgb to d r  m u lt#  SndÊ##t#d tb t t  

(OoagalauM e#«to in#d p o p tld#  llito g w i â t#  to o t « ttb â U ty  ##d# 

I t  ( lif n o d t  t#  t3#U#9» to a t «# t#a#«e « o ttir ily  d tpm d td  en 

«n la tM t p re to in  « tru o tim *  3b# dSaoom y « f 3«g#r (!# & # ) 

to t t  to o t « ta b tU ty  «a# # p ro p o rty  o f om d# b u t o o t o f p o p i* 

ft# d  ooogd### roBOvod th lm  d S ffS o o lty .

A pom tblo oooroo e f «onmar ta  tto  totorpOetotton o f 
ttooo «xpoptonoto llo o  in  too to o t too t tto  popotn and 

trypoSa oood otro m tottoO ly oroto proporottoo# toSob» I t  I# 
boom, my oontola o tto r oooyoo# #oeh #o llpoooo and aoflooao 
(Suaoor & 3oa»va« 1 9 4 7 ) *  to  oadar to  o llM aa to  too ohanao 
tto t too doatruattoa o f ooogutoa# a&gbt bo do# to  eataeaaeaa 
mapmm tagvr llM Sbi oo#d oayattalltno taypala and otyoo* 

toypoto to  add ition  to  o m o to r o f otbm  p ro teo lytl»  naymao. 
Both tsypoto and otyaotrypaln oaoaod a rap id  and ataoat om» 
p la t#  loaa m  roa#,ito'ao a s ttv ilv *  to# fto o tto n  o f yUaam 
ooatatnteg tb# preowaor o f a flb rto -d t# # tto g  amym to - 
gotbto V ito  it#  aotiaatop, atroptoktoa##, «anaod only 

a liflto ly  loo# rapid mm oompitoto ito trua tdon . A oortoq# 
fin d in g  to teb  togor ( 1 9 4 #  )  did not dlaenoa vaa t o t o  tba 
pl#a— fbaotoon to  abaono# o f it#  a a tim to r vaa maady aa 
o ffa a tlt# . A poaalb3a oaplanation la  tb a t to# partfSad



m .

«cogtdMM eootkSaxt otaÿbyloooooal f  tb rto o ly e in  vA tob im 

im a n  to  to  «n «nagra# ootS ootor «C Ito e t ic o l potototSoo to  

etrepttobtooeo. t to  ppoonoo o f W o  mottomtop la  to # p *o  

ppopMHitlo a  la  o o ffio lo o t q w a tity  to  oouoo m&mmt o<M%aoto 

d o o tru o tlm  o f ooogolooo o ith la  too  o tan too  too# not» to o * 

o tto , #00# vooy lito S y *  to o  o tto p  otoym to mod» mmoB» 

pnpola and o a lf tXgmm p o p tlto o o , cotood no do#.tp ijo tlo a  o f  

ooagnlaaee R eeedtly Loadntoeâ» to A tb  *  M tovlsoa (K K 3) 

foaoO th a t ooagu&too pvodooed tgr 000 v a ria n t o f a  otoaJa i#  

fo p ld ly  in a o tlto ta d  tqr «#* oofa a  ptodoood tgr a n o tte r v a ria n t 

o f t t o  aaoa a to o la ,

3 a##r (1 9 4 # )  la toattgatod  a m o to r o f othto  

otoraetara o f eeagulaoo and bla finding# or# aoamr la od to -  

lo o . tovifSod ooagolaao aaa paoolpittoad foa:dsttoititoly  

a t p a  5 « 0  -  4 * 0 .  foato  fo r  oaatotgdrato# okm  ̂ nogattto or- 

doto tfuU y pco itito» to# p o rlflo d  a a to ria l ootoadaad tto  

amino aoid ty ro a lm * too n ltrogan oaatont o f 3 4  •* 1 4 # aaa 

ooapatiblo a itb  a  protoin eoapoa&tioR. Btoatooptoraaia 

vomalod tto  praaoneo o f too noblla oooponaato indioatSng 

t to t  atoolute p a rity  tod not tooo acdtiorad.

fa  aaa up» tto  laadaqpiato data o atliaad  atoao, and ' 

tto  ro ao lta  o f to a t n o ta b ility  oaporSamita a tth  p o rlflad  

ooegnloae» point to  it#  protato notora. A tto taW ra  

daaoriptloa o f ooagalaae om ld to  aa fO U aaat

Coagdlaaa la  a protaln  a&tb m a la o -a la o trio  potot
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o f  O B p a o a rliw ta ly  p ü  4 * 0 t i t  io  d ig m o to d  b y  m m o to r  

o f  p r o t e o ly t ie  e n a y m e  « i t b  lo t a  o f  a o t iv i t y t  i t  

la  r a p id ly  in a o t iv a ta d  l a  a a ta r y  a o lu tia o a  a t  ta rn - 

j ea a ta r aa a b o v * 88% .  a n d  i a  im a ta b lo  l a  d iio fe a  

a o lu tlo o a  n a la a a  p r e to a ta d  t y  p tp to n a t i t  i s  l a -  

b l^ lt e d  o r  d a a tro y a d  b y  o a id la ln g  a g a n ta  a a d  a  n u o b o r  

o f  o t b w  a u b e ta o o m  o f  o o r a la ta d  a t r u a tu r a *  X t Sa 

a la o  â a a tro y a â  t y  a a  aogym a p ro d n a a d  b y  s ta p b y lo -  

o a a e i th e a a a lra a »  

f b la  a a a  8 TB l i a t  o f  y r e y a r t lm i a n s to a lo a a  t b a t  tb a  

a n a  d ia tX a a t iv a  c b a ra o ta r  o f  o c o g o la a o  a a  f a r  fX n d y  a s ta b -  

U a b a d  la  i t #  a b i l i t y  to  e lo t  b lo o d  p la n a *

Ç m m ü m m  a a  a a  l a - r i t r a  o r i t a r io a  a f  j a ^ a a a a ü t t i  

7 bo f i r s t  a a oota it  o f  tb a  o la t tL n g  o f  p la a n a  b y
'

i t a a b .  u a e a m  (L o a b , 1 9 0 9 )  # v a  n o  in a io a M n  t b a t  tb a  

c lo t t in g  a a o b a n ia m  o f  t b ia  ^ p e o io o  la  a p e o lf la  a n d  d ia t la e t -  

i v a .  gaota ( 1 9 0 9 )  fo u a d , h o a o v a r*  tb a t  n o t o n ly  a a a  t b Ia  

.p r o p e r ty  o f  o lo t t ia s  p la a n a  p a o o lto r  to  a ta p b y le o o o o i*  b o *  

t t o t  i t  a o o n d  to  b a  lla d t o d  t o  t t o  p a tb o @ e a ia  a a ro n »  g ro u p *  

to n y  y o a ra  a a ra  to  o l^ p s a  b a fo ro  n y  a tta a g ^  a a a  n ad a  to  a a a  

e o a g a a a o  p ro d u a tio a  a a  a  a r i t n i o a  o f  p a # o @ e a ie ity  o r  t o  

S n a M tig a to  t t o  p a r t  to S o b  I t  p la y e d  in  a e ta b lla M n s  

a ta p b y lo a o o e a l in f a o t lo a e . T b a s  ta e a ty  y a a rs  la t a r  t t o  

a a t t o r i t a t ia a  te s tb to k  o f  f o p l^ r  &  * # n a  ( 1 9 8 9 ). d id  o o t



C3«

aanUan e#m#d##a p red iM tlan  a# a  a ta m o ta rla t& o  p roperty  o f 

S taab. aareaa* X at tb a  a b ilit y  to  predaae eoaga)aa* is  turn 
regarded aa alm oat ayaooyaaaa # itb  patboga&Saitr* % ia  

aaoTQana* o f aaaguleaa aa tba aoot reUabLa aiag&a e b n a o ta r 

ter d ia tln g a ie h to g  bataaen pa#a@ aaio and n o o '^ tb e g sn ia  

a tapbyleeoeci is  la rg a ly  daa to  tb a  ib ilu r»  o f q tb w  

a r ite c ia  to  g lra  a e le a r d ta tS ua ttoo  batoeeo tb a  too grm%o* 

Tba e a A ia a t a t t anQt a a t e la a a ifS a a tlo n  o f M » 

atapbyloaoooi aera baaed m ain ly tba  o a lo u r o f # a  id g m t 

pratoBed. 3baa tb a  a ta p ty lo o o a c i asra d ia ld a d  in to  tb s  

galdaa aad a b ito  a e rie tia a  by Roseubaob (1834} and «1 add i

t io n a l y e llo a  v a rie ty  aaa Sm laded e b e rtly  a f tera a rda.

Tbs f i r s t  o f  tbeea v o r is tia a , 8ta # *  aoraoa. InolvVW  tba- 

patbaganla o rgm iaee oaaaing aaM w rativa  le s io n s  ia  aao and 

an im a ls; tb a  aecsond» S tato» lao luded th e  aaakly

patbaaanie orgenlama ÉomA ia  tb a  akin» b a ir , a te .#  tba 

th ird *  Staphb» o itra im . eoaolatad o f ncn-patbagoolo aapra- 

pbyteo. m bile i t  ia  tru e  tb a t tba  m a^M d^ o f patbeganlo 

atapbyloaeeel are o f tb a  Stoob* aaeous epaoiaa» tb sre  ia  a  

ooaaidarable rwaga o f pigpecd ^rodaa tion  amia% a tra in a  

Is o la te d  from  le a le n a . ' The d lf f io a lty  ia  e la o a ifr in g  

bopderltna  a taab ie  a ith  pa le  o r ereeey p igeant bas ra a q lte a  

in  a daeraase in  the  empbaaia plaeed on pigment in  id e n ti

fy in g  gatboganlo a tapbyloooeo i. I t  baa bom abom ,' a lso * 

tb a t anrama etamSxm can g iva  r is e  to  aSbus va ria n ta



(MggMP* Bolead & O 'toarm , UKRP) and th a t tSam too typo# a ra  

la to ro o tn ra rtlb la  (O alaaa, 19XA; M noar a  V o ld rto h ,

Tba dafeeto o f  tba  a la a a ifia a tlo a  a f  a toebyl^aoae i 

lay tb a  a a la u r a f tb a  eelany le d  to  a ttea ip ta  to  davlaa a  

ayatom baaed en tba  ppesaaae o r  abaanee a f to o  poopM tlea -  

baaaolyeln prodaotloa and a g g lto in a b U ity  by an lim aa#

OMPun (Balaaer & aaebeberg, WOl# Kutaobap & %enaW&, 1 9 0 t| 

V a le l, IS O *}, o tto  (1905) a w  (aaamyi (1986) fenad M * t 

beeaolyaln j aoduattum oaa aoof toad to  a tva lea  from  pa tba - 

la c io a l aoaraea» b o t Jm S aae lla  (1888) be lieved  tb a t a l l  

a tx a lo i o f a ta p iy lo o o a o i eera aaga b le o f pvoduoing haamo • 

ly a lo . TM a obavapvattoa baa n e t boon a n te to n tia te d  by 

avbaeqtoat «oiVnwé* a ith  ra # rd  to  o i^ u tim b il i t y , O tto  

(U 09 )»  Kutaeber ù Xeorieb (1004), V e le l (1004) and KkgataW c 

a  Baekenbaimar (1004) a l l  fouad evSdaaaa to  e igpoa t tba  be

l ie f  th a t atapbyloaoaei m l^  bo d iv id a d  A d r ly  a im ip ly  

in to  petbeganle and oan-fatbagaala type# on tto  baala  o f 

t t o i r  a g g lu tIn a b ility  by an an ti-ee rm a paepered aga ioa t a  

a tM in  o f bnom  patbcdogiaa l o r ig in *  Tba oaa o f b o th  tbaaa 

p ro p e rtia a  aa a eaaoa o f e la o a ify in g  atapbyloooaoi oaa p ro * 

peead (Kutaober 4 S enriob* 1004)# a tm in a  prodealag baama 

ly a in  and a g g lo tin a b le  by an aoti-OM Rto prepared aga iaa t a  

patbaQBoie atraSn warm to  ba regarded aa patbeeenia, obtooa# 

a taa ina  negative  In  bo th  raapaote eopo to  ba regarded aa 

aon*patbegeoio.
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A a o tto r a ttem pt a t o la u lT ia a tia n  vaa aada k r  oovdan 

(1909/4) baaed ea tb a  a o tlo n  a f atapbyleeeaoi ea a  «Ida 

xaage o f aqg&aa and to b a r ovaaola a iA e tra ta a * be fbvW  t t o t  

o f tba 41 a tre la a  «aasdnad tb a ra  vara 85 d if fa r m t pa ttem a 

o f re a u lta . liavavaî*» tto  a ta  aaraua a tm in a  taa taa  gave 

a la a a t Idaot le a l m a o lta  end a l l  fa ia m ta d  a a n n tto l sad 

lig u m fla d  @ ala tia , vb a reaa fa #  alboa a taa lae  abaaad tbaaa 

p ro pe rtie a * But an axtenstao o f tb ls  vack by Dwdgaeo (1908) 

aboved t t o t  i f  a a v ff io le n tly  la rg e  m o to r a f augara vaa 

ta a ted  i t  vaa >aaeuial to  f in d  to o  a tra to a  o f a ta p iy le a o a e i 

g iv in g  Id a v tle a l a va itlta * Tbaa no abarp «U vlaloa in  b io - 

obantim l a e tlv it ia a  oorreapm dtog to  a tfta xp  aaparattnai in to  

patboganie and nen-patbagaoie a to ^to la e a a e i aaorgad from  tW a  

voartc* & e x ta a a ito  o f  tto a  typ e  o f im v o tig a tio n

by y in a lo v * Batbborg & faroeoa (1809) and ivdg»oa & Siapaon 

(1988) lad  tto n  to  aoneluda t to t  S ta irirrlaeooo i eenaiatad o f 

one la rg e  group o f organimna aboving a «M a r m #  o f WLoebaad- 

o a l a e t lv it ia a . A t eue wad tb a rv  aaa tb a  daapiy p ig a m te d , 

bBcmolytSe* m a im ito l-fe ra e n tia g , g a la tln -liy u W y ia g *  p ro - 

e ip itin -p ro c tu e io g , patbogm ia Stepb* aw eua. and a t the o tb a * 

and tb a  v b lte , non-baaao lytie  » m im ito l-n a g a tiv e , g e la tin - 

« m -lifo a fy in g *  fM to ly  o r neo-patbogenla Staoh» a lbva v A tto v t 

p re c ip itin  fo rm a tio n  in  tb a  avb jao ta  fr« a t Vbieb i t  tod  been 

is o la tW »  Zn paaaias to m  tba patbogenio to  th e  non- 

patbagania tba ra  vaa n e t a  e le s r a v t aapara tlon  o f e to ra tto ra i



I t  «ea o a t a aaâ# et b laak er WWtta bo* et m ix  abadea o f gray* 

Oaa d lf f ia u lty  a f baaing any d a a a ifia a tla n  an 

patJaa@mleltar ia  tto  g re a t vari a b il i t y  e t tJiSa p ra p n ty »  and 

t to  d iffe M n t aaoaaa ia  W a h  tb a  ta cn  ia  tiM d* V ith  t to  

e te j*F la c o e e i a d d itio n a l ewafuaioo la  itocodtjaad ty  tb a  oaa 

o f t to  aotvoa o f a ta a in  aa a  aaaawa o f p a ttio g a a la ity ; ia  

east o f «to eexif wetek a  a ta a ln  aaa ragaadad aa pattogania 

o r a o a -p a # o # n ie  aaaaading to  a to tbaa  i t  to d  toaa ia a la to d  

from  a «on#taati«e la a io n  o r  to o lt ty  t i aaoea* I t  ia  kuoan* 

toawvar* t t o t  pntiBe@anie a ta pty loaooe i a re  found on «ariaoa 

tiaaoaa waaooaponiad ty  Im lo n a  (Ketoo»» 10B8) .  Z t ia  

a la o  to o n g #  t to *  a tm in a  m y  a x ia t in  an a a iro la n t a tto a  

on tlaauaa and o n ly  ao^a ire  v iru ln a o a  mtder a o ita b la  nan- 

d it lm a . ibdaad P lnaar & % oldriab (ismi a to ta  tb a t tony 

suaoaadad in  oanm vting  an avim a lan t StaW» albae to  a  

T im ln B t S taoto  ftupato by gemdag i t  fo r  a  long  t im  in  

dtapb* a lb to  a n ti-a a ru n .

t to  o la im  by t to  a a r lim  «aatowa t t o t  agglnfctnattan 

tam ta ooald be m ad to  d ia tin g o ia b  batm an patbogaoa and 

aaprog&ytaa to #  n o t bean to m e  a n t by la t a r a o rk . J o lia n o lla  

(1838), us ing  a g g lu tln ln -a b a o rp tia n  n e tto d o , found no 

otoraapondana* batm an aaroSUsyStoel gvougdag and po thagakto ity  

wad 3Èae (1938) found o n ly  a  ra u #  eaemmpaeâmme ba tm an  

aw pologtoal g roup iog , p tgm ntat io a  and m n n ito l fa w am ta tian »



Vf,

Jo lîaoeU »  M rrS sd  « a t Smrn v lra le n e e  te s ta  and Bina name a t 

a l l  80 t to t  t to  gtollCSeetâûee eada in  t to  pravloaa para

graph mpsüy to  th&a «esk- Ttoa# aaeaa» boaem r,  ta  ta  

aeaa o a rra la tia a  betas «n p a tto g a a ie lty  and tba  a b ilit y  to  

a tia n la ta  p s e c lp itia  fa ra to io o  and aeva ra l to rtWara bmva 

f w a v i  tb ia  ewraapondenaa (x a d g a m  & 5iapaao» 188a #  B u riq r»  

1953# Coaw», 1* 8 ) .

O f tto  d iffa m â t m tb a to  fa r  d istiagacua ilag  bata ean 

patbogaola and non-paW gnriia  ata#Ayloeoa«i o u tlin e d  abarn # 

baeaW yaia pradnat i on bas beat a tood tto  to a t o f tdaa* % a 

fa ilu re  o f e a r lie r  « o rto rs  to  oaae tto  epeoiaa o f «ad 

oo rp too le  « g fils a t a  imomSgmSM a # a d  and tbair^. uneaem -

nses o f t to  amimtaaoo o f  d iffé re n t toeaulyaSae s a tin g  d lf fw r -  

a n tly  on t to  m d s e lls  a f d iffa rw a t apsoiss may tanre pre

vented tto  rs o o g iitio n  o f t to  elose rs ls tiw a b ip  ta  te a m  

<X -taaoaeiysin mâ pa th o g ea ia ü y. L a te ly , to n e m r, tto ra  toa  

boea a tMmdeney te  re a to re  o(*toeeao2ysS ii to  a to y  poa ittloa  

(Sbestoi, U»se}« ZWk, s to ta v e r t to  vosaon, o o a g ila m  p ro - 

d n e tio a  bas tanded asm  and aura ta  bo aacsy tsd aa t to  m o t 

eonatant m d e a s ily  dem ostasb l»  s to e e o te r o f pattogania  

a tapbylooooo i. Aa «ooouat ia  g lvsa  ia  ùm H O lloa irg  pagaa 

o f t to  easrgm so o f t to  ooagulaaa to a t aa tba cbSaf waaa 

o f ro o og n is ia s  patto@ ma*

Por a e vsre l year# a fte r  Ito b  (IS O d), a toc en ro a g ila ee  

m e eonesmod m in ly  a itb  t to  na*ure o f ooagTlnas and
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otK idâtione gom m iag  i t s  p reduetioo  m th s r tta a  t to  M o o o i- 

a tio a  to tvesa aesg tlsss and p a tto e e n ie lty . oonasntaaaTi 6  

UMura (1914), tuamomr, eoofSmoâ Huob*a f ito in g  th a t 

e m la ta rt plaaaa tvm  mm and anim ala auWaKüag Amm a ta p ty la - 

ooaeal io fa o tio a a  taoâad to  e la t « ItM n  a  fow  to u rs  o f a it to  

draaa l#  tto y  alao fo u n i t t o t  f ie s  a taa ina  a f S taoto aemaup 

a f d iffa m â t o r ig in  aara a b le  to  e la t p laaoa.

T to f i r s t  se a l a tta m t ta  G oscalata aoagulasa pas* 

d to tio B  a itb  to thagattia i t y  «as aaâe ty  Eassnyi (18B6). as 

ta U a a to d  a  a u s to r a f  a tm la s  o f s ta p ty lo c o e a i (110) ,  in e lu d - 

la g  s ts a io s  fsom  pus, fro n  t to  to a lth y  tocin and fx a a  tto  

a a v ire u to n t and tam ted tto n  fe r  t t o ir  A b ility  to  to a m lyss  

ra b b it red  s a ils , to  s la t s A lk  and to  o la t plasma. A ltb s u #  

a l l  b is  a tra ia a  o f p a tto la sS e a l o r ig in  produoad to a n o ly s in , 

a f a ir ly  b lg b  p ro p o rtio n  a f a tto r  s to a in s  d id  aa to o  (80 to  

7a pe r o a a t, depandtmg on t to  so u ro a )i a  s iw tls r  re s u lt 

«as ob ta ined e itb  a ilk  c lo tt in g . Out W tb  coeguiase p ro - 

dm ctloa to  fto n d  aonplate ocwtopoadanoe to toaca  p a tto # K % ia i^  

aa toasured fay t to  aeuree o f tiie  s tra in  and t to  r e m it  a f t to  

te a t, tone a f tto  80 s trs lE w  fro a  t to  a n riro a to a t o r to a lt ty  

s k in  c lo tte d  o itc e te d  m b a it b lo o d , efaesaaa i t  m s d a tts A  fay 

a l l  t to  50 a trs in s  from  pus, « b e tto r aweua o r 

to ra a y i tto n  coapSred t to  p a tb e g e n la iiy  o f t to  ib H a e in g  

th ree  groups i -  (1 ) Ceegulaee eve, toem olyein *« e , m ilk  c lo t 

4T3j ( i )  ceagiilsse -« e , to o a o ly s in  e«a, m ilk  c lo t *m$



(5 ) e e e y ila m  -v » , im m o ly ia  -v s , s U k  c lo t -vs* On sub- 

eutsassias X a jss tle a  in to  m to it# , group (1) gavs #  m pM  

and assers In f  s a tin a , group (a ) a s lo a s r and la m  aeswm 

In fe o tle a  and group (S) no In fsat& on* as aanalndsd Amaa 

h is  ra a u lts  th a t eaagulaas pvoduattao m a tba to a ra a tm  ta  

a h la k  most Im portaosa m o u ld  be g lsea  In  deald li%  s A s tta r a  

a tx e la  aaa oastesdly pm begsolo e r n o t* m a asperlsaB ta a re  

o f In te rs a t n o t o n ly  teeauae ieum oyi eaa the  f i r s t  ta  a w y  

the  aaso e la tlo n  bstsasn ooagilaee and pathagaola&to an a 

fa ir ly  la rg e  se a la , b u t a lao  beaauae he o a rrla d  e a t a n ta a l 

v itu lw aas te s ta  on k in  a tra la s  Intoaad e f re ly in g  an tb s lr  

o r ig in  la  c la a a ify in g  them.

Tba iaportenae a f eaaguleaa see eon flreed  « ttk la  a  

a b o rt tia e  fay te s  e o rkw a . Oroea {10871, la  an lia ra a tlg a - 

tio n  in  W o k  g e la tin  liq u s fa e tio n , eeagulaae praâuatioa and 

faaoaolysia p ro d to tio o  «are ooaem sd, oaas to  the aonalualon 

t t o t  tbaaa th ree  p ro p e rtle e  «ere maat o la a e ly  aaaoe la tad 

s lt k  ergealame from  p a tb a ln g je a l aourees and la  d a n k tfu l 

eases a llioeed a  dao ia lon  aheut pafakO floaisikf to  be aade sttfak- 

in  a a to r t tia a *  Keateea ( la w )  found th a t the eoa^ilaae  

veae tiim  eaa g iven o n ly  ty  pathognüa atepÈyloeoooi aad n o t 

by Qoa-pathogeae o r o th e r b a a te ria l apeeloo and th a t tba  re -  

s u lts  sen par a lle l  e lth  beeaiolyala and «»*«—•» v iru la u e e  

te a ts * Althad#% a  nusber o f a tea lna  la o la to d  Ikom the 

and h e a lth y  maoue m rheanea aero aoagulnao poe iti«e i> an laa l
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to M n d a tto i p rem fl t t o t  tto y  m s# m noM tlA tto #  #W # i# to f l 

on## m»m tfto g a r # f o lw toW ytog mtamim m t to  to ### <C.

tiM iiw #t#Atoâ«#. WÊÊÊÊÊm êêêêbêêù̂wêêêê MbÉfc flEilar ### tlü

tn a jiilM it te s t a v a lid  m ans o f «agaiudlag o o o -p a tto *# # , - 

to t  th a t i t  aaoMad a  daf in i t a dao ja tan am p a tto g a n to ity  t#  

to  amda* toaaa (iWki a— nrtnad 860 s tra io #  is o la te d  Ito n  

to fe e to d  sod to A itto  tlse e e e  ia  aespeet o f ooayOase ###- 

d to tio a , toemely e in  ptodeetiam  and t t o  A b d lity  te  paatoaa 

neegeeia toaa  ia je a to d  jto w a ntoaaw a ily  la to  e a to ita * 0# 

fto a d  a U ta rl aeerosia a d tk  stoaSa# to v ia g  h l^  toa—lap ite  

aad WAfi.iaaae praduatiom , reddaaim# and a to llln g  W to m *

wmSÊkÉNâ IMWESMSS im StyHltoS IJMB JâMOKÏImim #mâ

P to h to tlm , aad mo pa tW ogX aa i etoia#*# « ito  a toa ia#  to ie h

#0#ipA |*li|faW8tt tUBbâ âÉlMftâElJÜyiMMi JSUst

gmtotA#.. JjàâijMdMMÉ #1##* MgliiÉimniilÉm ktoëtoatotoaa
âtiûÉtiehjdÜMMfc «tototo#toto&#ma% ###A aitoWk&tokmatoa-

Am Am- MMilmmÉm ^t#  tmiI  mfi t nwiMliit n mdP
mtto# ÈÊÊÊ̂ÊlùlknÎM #&# !?1P%httiP*̂ ^mt̂  #g# tiSM lsd

am A aaqr to r #  aaa ia  bgr toaeama, toWRta* to tw *  & cuso ie  

{ itS i} *  «to toed 8000 stoains ftoe i a aeaiaty o f ##»#«#♦
#to# to# Bghawtto- SOÔCI ##Mtto #«&# ‘Éâtotof md̂ÈtotoÊto## am&âim#A toÉptoPtoto#

ip ild m  g i# # m t (atoO to ty# e ) to d  aese e ito e a  toeaaH ytls die % 

aaaguiaaa g to itiv e  a *  tto b . B lg to y -a M to  to *  aamt a### 

aoap r taae y e e itlto  and 81 g o * aaa* toeamlyeiM p M it ita *  •

ÜÏ/ %  vV . 
\  t,' ': ■

-J'vi
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aw rlng f t r s t  mmnmhmM t to  SOto mtamSm, G topwn a t to *  

(1834) to lto to d  on* enrap « # # *  atotom# «ara ooag il i —  p a a l- 

t iv a  and to a m ly a to  eagatSva aad acMfetor sw op la  « took t to  

a tm in a  am # to a a a lya la  p o a itiv a  and aaapilaaa n ^ a tia *  aad 

a a vrla d  o a t an la to  « ia u lm a a  ta a ta  «&th a to u t 7 jî a f t to  

a tm in a»  % a m a o lta  to â ia a ta d  t t o t  a it to r  aoagtoaaa o r 

toaaadyaân pm daetleo  lagdtad p a tto Q a to e ity  in  #p#m# e tm in a , 

t o t  to th  a taa iaa  eaaptalaaa paodaatiflo  aaa aora a la to h y

m ia ta d  ta  p a tto g a n in ity  tto n  haeatoyein pradaaticai ( iV ld  

aaagilaaa am  toa a to ya io  *«a a tm in a  k illa d  a  m b b it « iW »

10 dmya, W t «toy V i7  eeagalae© -m  haaatoyaim am  a tm ito  

d id  s a )* d iaoa o to y  a  a a a ll p ropaatloo  (a to to  7 ^ ) a f tto  
a toa ina  to th  tto  atoaetad p v to to tia a  «em  tm tad . ia  a n ta a la , 

to o  mmk a a i# t  a to to d  aot bo g im o  ta  t to  m a u lta , to t  

tto y  inci i aa to  t t o t  ooaguiaao p m to s tio n  aay to  a  t to tm  

guida te  p a tto g m ie lty  tbaa to a a to ya ia  pcodootloo»

A n o tto r ooapatoaaa a f a m a to r ot d iffO m n t obam otm s 

o f a ttW y la a o to i tn tond lng  am galaaa aaa and# ty  OmlhatotdE 

(1937). la  a d d itio n  te  to a fim d n g  pemriUm oto esm tio a a  

t t o t  oeaanüaee and to a n o lya in  pradsaatioa «em  n e t neeeaaarily 

aaaee la te d  etom etM ro o f a  e tm in , to  atoaad t t o t  eeegîlitae 

and to a n o lya in  ecmld to  d ia tin g o ia to d  ty  t t o i r  d iffa m â t 

to a t m eia tanae and t to  p m fa a e n tiA l abaea# i(m  o f to n a d y a ia  

ty  m d A it re d  « « lia .

O m ikatonk d iv id e d  a a to to r a f a taa ina  a f patoeiogSaal

" i
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m a # .

M É aao-psgw lag taA l «HgSa la te  «tes» #m «per#

(1) psttogmie m w m  atmla», (#J tÊSSÊL vrntU rm  9Ê

BflÉtMMBiA ### fS I IISBHMIÉlHMMaltt

###&%#* A ltto u #  #  l it # a r  pm puattan a f  atm &a# « f

pnWialofflt—1 tton mt mmMtottolagitol erlgto It—wif d 

monltol «ad Inetom, « la k to d  adllt, md H gm M ed #l#*la*:. /4

# mCAddm* nmdmr «C #m#N#y$i« atmda# jpoMmsod thwa ^
####0*WW# #» # d #  # a d r  vm fa r  iS filw a a d d is tle o  a n re lM A **

4û/40 ## a f m##ÊtoaA,dto##aM&%. dM#.m#am a#adaaaA aa&au&to

##* aad to a a a ly s ia i a l l  « f t t o  80 « to e a p ty# #  d to a lto

«am  a a g W m  In  to th  m a p a to * i W fliapwi t a ity  ' t aa ta  an 

la to tto  ###* VI/M pmrnbim m a o lta  f to  t t o  to m ta #  o f 

p d to la a l aa l cm lgto and « /18  to r  t to  aasm pibytto a tm toa#

a# aâoalaâad üt^a a#a#aiaaa gaaAad^aa aaa #ka- a#a& nurtiujtrMifiii 

aaagaaia aaaaaftated a#%#& m# titip  naiiifii Ttiif aaÉ laaasaaa a f ÉÉa 

aam itatoy and aaa# a f dwaonatoatioa maaiatondail I ta  a## to r  

d if to w o tla tta g  patoagaaâa to a #  aan-yatoaganla a ta p ty la a a a a l.

to  aa ato m a im  to a a a ti# t la #  a f SIS a tm to a  Gtogaan, 

SarwM i, B tlm n  #  (tom to  (1888) m aoto d  t t o  aama «eoatoa to a  

aa to w to to a * . # a y  aia#am d t t o i r  a tm to a  to r  aeagaOato 

tra d a ^W m , toaaa@ya*a p railto tla a  aa m tto t  tto o d  a p r ,  '' :' 

SâgaaatofcSeo, aouvto a f  atoWLoa, g m a to  aa a a y to n i r to la t  

agar (Oapana & Bam aa, 1958), g toatto aa to # a "tb # a # l U na  

agar aad gtooal  rad  a a a n lta l agar (C to p a a , Zdto a  to a a ia ,

,  to d  m tto t  prttogBBleS l® '* f to d r  «eaalnatona a n # '

ii

,’■̂1 I

P m
' #

.3'>; ' r ' f ®
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# E
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t t o t  I t  «M  p o M lh lo , provided e e s te in  d e ta il#  # f tee to ig u e  

eere etoerved# to  eeanrelate ia H r itre  te s te , Idas esdpee e f toe 

c tm ito  end t t o ir  p U to g e o le lty  ts m rd e rm to ite , aad t t o t  

t to  eeegmleee te a t see tto  meet re lle b lo  s in g le  w ita td o n .

Aa e to er ee tlu o e b lo k  tto y  made p rs tid e o  a poaaib ia 

e% )lanatioa a f dleerepaneiea W to  attow  stotowa tod tm x a t 

beteeao in - v it r o  te e te  aad a a io a l p a tto g a o io ity * : Ctopaan 

a t a l.  (1098) dieaesared t t o t  a  aaribar a t t t o ir  e toek 

e tm in a  a f uadototad pa tto leg& ea l e r ig la  to d  d ia a e o ia ted 

in to  m ria o te  o f e id a ly  d if fe r in g  patoegenleitar end t t o t  a  

deereaee in  p a to ^ a m ie ity  eaa aaaee ia ted U th  t to  laaa o f 

aseh eham etem  aa haem dyain p ra da e tio a , p ig a e n ta tie a , 

e ta . s it k  ooegnleaa p redaet i ea aa aoe o f toe la s t to  d ia -  

appear. T toy amptoaieed toa  mead fo r  a a la o tia g  to e a o lye ia - 

p o s itiv e  a o lo o ia a , a inoa tkSa sea one a f t to  f im t  a to m e to ra  

to  to  la s t ,  to fe re  a p p ly in g  p a tto g m ie ity  ta a ta * to  

a d d itia a  to  aooaptiag aeagdlaae prsdoa tioB  aa t to  sea t re 

lia b le  d iffe re o tia tin g  te a t, toay acnelsded t t o t  t to  eato n t 

o f toeao lye ia  on r a to it  b&aad agar «ton te to n  in  e to ja a e tim  

s ith  eeagulaae p re d ta itio a  amd p tg a o n te tlo o  o f a a tm ia , o r 

v a ria n ta  a f a a tra to , provided an to U a a tia n  a f tto  dagto# 

o f p e thageoia it y .

To y io te  o n ly  a  fa s  a f a very la rg e  ouator o f  ~ 'iiH iera , 

aatlqr (1839), Firnm (1998), moaa, s^Eolma 9  f i t t  (19&1), 

P a irb re tto r (IM o ) and M enât (1949) predneed a d d itia m l
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•vldanee o f tb#  el### •m e c is tle n  o f coagul### peedoeMoo 

and p a tb e g a o iB i^  in  ataphĝ kxeoaGl. I t  tthaa aould aaaa 

to  htoa toaa  aauodly a a ta b lia to d  fay a .,aareua aoakera t t o t  

noairtilwita paodaotloa is  t to  ac» t eonstant aad ra lia U *  

a in g l#  o r ita r io n  t t o t  aaa to  uaad In  d ia tln g u ia b in g  to taaan 

pa ttogan ia  and nan-pattogaoio  a ta p to itto o e i*

Tfawpo aspaaia to,fa» a a n y  elaaa aaaorla toea to ta aan 

eoagulAoa and o< - to aaolya#» p ra d a a tito  and in  a paeant 

papar MMto (19QB) anggaata t t o t  ^ -to a a o ly s la  pmednatinn 

ia  an avan to t te r  In d la a tio n  a f p a tto g a n ie ity  then oaagalaae* 

aa a la o  aqggasta t t o t  tto  c to in a  a f a tto r  eostova t t o t  tto y  

faad ib u to  oaagidaaa-peALttae, haaaA tira ia-tiaaativa a tra ia a  

ab lah  ew e p a tto g m ia  eera o fte n  to a  to  t to  aeuree a f t to  

a tv a ia  faeing uaad aa a  a r it to io n  o f p a tto g e n ie ity  and t t o t  

suab a txa ina  a i# fa  e e ll to  a d v e n titio u a ly  gtowamt in  lea iaoa* 

n a fa rtto a te iy  t to  e a p a rito a ta l arldm toe t t ia b  to  WSâ  f t o -  

nard to  support b ia  t o l la f  in  t to  s n p e rle rity  o f ^  -to a a n - 

ly a in  to  eaagulaaa p redua tien  as a  e s tta ric n i o f p a tto g a a iU ty  

ia  open to  e a a a tly  t to  aaaa o r it io is a *

«W  sm # o f to a m ilaae.

A lt to u ^  anab aoak to a  toon daeot to  to  t to  a tW y o f 

eeegtilaae produatton fay pa ttogaa le  o ta p ty lo o o a e i a  gpoa* 

d a a l lo M  a tte o tio a  toa  teen  g iven  to  t to  p e rt # is h  i t  

p laye  in  ataphylaoooeal in fo o tto n a - t t o  f i r s t  seggastions



38.

« n e  baaed oa I t#  S n -v itro  btom Ktour, and Omm (1903),

OMtgBQ (1983) and aratlw bank (1907) «boogto Wmt I t  n W *  

ba raapeneib la  fo r  tb a  fb rn a tlo o  o f tb ro A b l. arc# » (K M ) 

found th a t tb a  tn jo o tlo n  #  o a llfm #  f& ltm ta  o f o to p a y lo - 

eooool o U tn ro o  In to  #  t lo d -o ff  nognnot o f tbo  J n g d a r vo tn  

o f s to b ito  oausod W w m m aoulor o lo ttln g  and too  fb rm tlo n  

o f W e to i.  moUanay, Bom ot & « lU la a a  (1980) and 

riabw p (1908a), booooar ,  oonlA n o t O btain Sntoaooooiftar 

o lo ttln g  and fIto a sr d id  n o t fto d  any a lg n lfla to k  amount o f 

tbvoObosla to  97 antosw loo o f oaooa o f staptgrtoeoooal 

eeptSwomSn.

A s tr itc ln g  fo a tn ro  o f a ta#ylom oooa l to fo to la n o  as 

eppomeà to  stsoptooooool to fa s tlo o s  Is  to a to  taodsnor to  

SOOduBO lo o a lls s d  la s lo n s  o o n s ls tto g  o f tb o  to a d ltto a a l 

"good aad Isndab ls paa". An a ttra m is o  dodtaatton to  to  

dsona fn m  t to  to - v itr o  o lo ttln g  o f {dam n la  to a t too poo- 

dne tlon  o f ooagvdaso toads to  t to  «oetos jv o  o f toa to fo a tln g  

oogantoaa to  a f lto to  o to t to lo h  poovoa ts ayotod tbmaogb o  

oasou la r systm a Fodloolag t to  ssok o f to n k in  (1953# to0A) 

toEdcto A to to too (190 t/38 ) toOk %sp th is  ocmoaption and a ftw p  

aaqgorlsootol la ra s tlg a tS o n  oo joo tod  I t .  to n k in  bad tooan 

tb a t a tanb . aiaraua pototoaod «  p o o o o fo lly  to jup toos oooatlom  

to  tis o n s s  am tod t t o  a lto  o f in o o n la tto n . to fo r ls s  to  too  

o a p illa r io »  lo s r aasmd to o lr  peanaatollltsr and a llo n sd



M*

fSbrlaagea to  poos tbw agh in to  tb *  Infloiawd opoo sod o ito la  

ooo boor o f lo je o tla n  tb o  A m to ln g  ly a v ta tlo s  m o ld  be 

ooelW oA by tb o  fonaotlcm  o f fIb rla o a o  tbpoob l* BoHmtoM 

f ilt r a te s  o f atsob» oaroas o u ltu ro s  produood tbo soso rs o tiit*  

Xt was found tb a t too» tb s  dys, tty p s a  b ia s , ose In je o tsd  

la to  ouBb aa  sjces i t  fa ile d  to  d lffo o e  la to  tb s  ly a p b a tls  

oossols In  aastcad o o o tm st to  tb s  pooo lta  o t^a laad obsa 

stm ptooQ Sol ooro tbo  organisas wasd. X t «as oonslodsd 

tb a t tb s  s ta ^ aylsoosous «as g p fla a rlly  a  nea-lavadlag 

o rgan ise  owing to  I t s  In ts o m  lo o a l o ffs e ts  «b l ob oausod I t  

to  be e lreunsertbsd  ga lU cly by tb s  a s to sa lo a l b a s rls r o f «  

tSbriaem aasb and bgr tbs tbsoSbosls o f tb a  lyagdetlA S * 

to  s rd a r to  detscadas to o th o r mesgttlssm ployed o  

s lg o lf le a a t p a rt in  tb ts  lo o s lis la g  press#» to n k in  &

W alston eads a p re p a ra tio n  by s o ld  p v e e lp lta tlim  o f fU tw a td  

b ro tb  o a ltn rs s  o f d taob . aursus.  Ttaay found tb a t tb is  a o ld - 

p re o lp lts ts d  oosgqlsoo re ta ia n d  I t s  o lo tt ln g  poser b u t d id  

n o t f i x  tsypmm M as In  tis su e s* Tbay a ls o  found tb a t 

iM M atb-oultwa fU tP to o a  «b lob  Ohosed. no oo a g id s tln g  poswo 

sere s t i l l  sM s to  f i x  toypan b lu e  mad tb a t f i l tra te s  «d tb  

asutoad ooagu ls tlng  posers sera m e b ls  to  f i x  tba dye#

P rom t b is  tbay oooaladod tb a t ooagulam  ployed no r f t ls  In  

Indaalag prmapt anebanloal d b s tru s tle n  to  lya yb  flo w  and 

tb a t to ls  s b s tru s tlw  see due to  toe p o w e rfu lly  n o o ro tls in g  

s o tlo a  « r o tb a r p ro to a ts  o f B tonb. aurous*
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Crulkotonk (1937} put fcrswNl « fagrpettotiMl auaten»
In  #% pl#x*tlea  « f t to  sourm  fod leaeâ by s ta tfy lo e to cfc l 

In fe c t lo o # . T to  mmepmam o f «vanto pne tu la tcd  m # ##

fo llo w s  I -  (1 ) X w p lna ta tlm  o f m tapbyloonwol; (8 ) In flw a a t- 

to ry  ro a e tlo o  «1th  o tagnatloB  AT b lood flo w ; (3 ) ooooon- 

tro tlo n  o f eoognlM o b u ilt  up w ith  sooidLtoot tbroW bm lo la  

t to  oaoU  blood voooolm# (4 ) gradual m o lu tloa  o f too 

th roA bto  by flb r la o ly a ln  prodnood by t to  a tapbyloooaoi} and 

(3 ) d laaoa inatlca i o f a a a ll in fe e tlv o  o A b o ll loa d in g  to  t to  

fb m a tlo n  o f pyaoimlo abaooaaoo ia  tto  lu a g o , kldooya, o to .

T h is aetoao a tto o p to d  to  aeaotot fo r  t to  fo o t tb a t 

a lthough  stapbfloeoB oa l ia f  o o tlo to  toad to  bo lo o a llto d  61a* 

poro loa  tto ou ^a m * to a  to o t nay enaao la  to o  stop» o f 

pyaoalo otooooaos o f d iffo ro n t argana* T to  aa tooytloa  to a t 

f  S b rln o lys ia  played a  p a rt in  etapbyl oeoeoal  la fa e tlo a  wae 

no d o to t prcRsptod by the  froyam oy a lto  W o k  i t  la  fanwA 

a long w ith  ooagolaae. In f t o t ,  ao <tiUwo Is  t to  aaaoe la tlaa  

t t o t  Ooogon (1933) regardad the  fo a a a tio n  o f a eXot and ito  

aubeoyuant ly s ia  aa d lffa rm a t atagae o f t to  a # #  p ro to to ,

to e  im dtowtandlng o f t to  p a rt played by ooagnlaao In  

atopbyloooeeal In fo o tlo n c  was g ye a tly  omlargad ty  t to  we*k 

o f aalo & Sm ith (IM S ) to o  toewad to a t ooa#la#e In h ib ite d  

t to  p togooytoa ls o f a tapbylooeoei In  v it r o  Mtaon a  a ito n ra  

m a ta ^ y lo e o c e l and oollfom ua Is  ooyoead to  p to g a cytw  in  

ooagulabla sOMmm m ly  o o lifo m a  a re  ptogoeytoaad# «too
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aoa-coogu%abl# i»  u#ed phagoeytosi* o f etophyloeoeol

tm toa ÿlaeo imleom eosgulae» ao tlvo tw p  (##o »<A6) Sm «ddod* 

Tbagr m u g ^ to d  th a t t to  fo ra a tio a  o f a  f Ih r ia  otnriAopo 

ren ia i t to  erganSaoB m y p re m a t opeon lso tlon  o r  n u U lfÿ  

t to  ehenges to  tto  e o ü  aurfeoe aoecwpeaaylag opem iaatSoo, 

c o d i t t o t  a g g lu tis a tlo a  o f a tapkylgeooci foU ooad by tto  

fo n m tio a  e f eoapaet aemos euheddod la  a f ib r in  m a trix  

m ight fe ra  a aee ton lea l « to ta o la  to  sdaagooytoaSa*

Za more genera l terme S a ith  & aala la te rp re ta A  

t t o i r  re o u lta  Sa tto  fo lle e la g  m y t tto F  eoBSidared t t o t  

eoagtilaae eonfaee on atapbyloeoeei a rea la taaoe aga lae t t to  

to a t*a  f im t  U ne o f dafmaoe, t to  #m gm ytoa , and mmblaa 

t to  In fo a tlQ g  orgaaSsms te  e labo ra te  t t o i r  to x ia  jre d o a ta . 

Timy a la o  drew tto  oem elm ion t t o t  a o a o a p tiM litf o f a  

apeaiaa te  In fe e tio a  by a taphyloeooel la  re la te d  to  t to  

e o a g a la b illty  a f t to  plamaa*

An ia -w iv o  a ttem pt te  dwaematrate t to  r a l id t ^  et t to  

atome hypettoeoa oaa e a rrla d  on t ty  dad tb , to la  & to t tk  

(1947) • T toy fem iâ t t o t  t to  la la lw ia  la t to l dote la  terme 

o f t to  nwntor a f to o e l laocm lated in tra o a rd la lly  la to  

guinea p ige oaa fo u r te  e lg to  tla a e  @peatar rd th  a tra in a  

wbicb d id  n e t e la t ga inaa -p ig  plaaaa tto a  « itb  a tra lo a  to la b  

d id . T to  d le tr ito k ic m  o f t to  lea looe  la  t to  In te rn a i 

togm a e f t to  two aota  o f e a la a ls  lod len tod  t t o t  itnm siwe» 

ame «oa a lao  deyeodma t en eoaguSaae preduotiom .
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Id  # (Mttaad aat o f exsmrlmal» to la  & W ith  a tW y to d  

ta  dcM naatiata In  v iv a  the  f  Snâtng tb a t tb a  p ta g s^o eS a  a f 

•tajptayloeaaoi in  a mmmtrwm e o n ta io ia g  in w a g u ia b l#  p la raa  

la  ia b lb ita d  by vaodaring i t  eoagnlabia. Tba animal# m ad 

In  tb ts  aratlaa o f aaparlooB ts vara m iea, tbaaa plaama is  

n o t O la ttad  by eaagulaaa. 9na a a t o f anlwBla aaa laseu la tod  

itom apm M tanaaliy od tb  a soagaXaaa-poattlva a toa in  o f gtaah» 

pumaua la  a ooagulabla mooatrumm and aaotbor s a t v ltb  tb s  

aaaa a tm ia  suapandad la  aa Ineoagulnbla amnatrwm. I t  aaa 

found t to t  t to  ooeei la ja e to d  ia  tto  ooagulabla aanotPuua 

#M#ad aa in i t ia l  doereaae In  m m tor fa llo a o d  ty  a ra p id  in -  

«raaao ao t t o t  by t to  and o f M  boars t to  pa rito tosm  don- 

ta in e d  a va ry  la rg o  m rndw o f w g a o la to  boMi A aa and in tra -  

o a llu la r . T to  ooeei in ja o ta d  ia  an io to a gu la b la  meoatmum 

pnotpFoaa lv a ly  daoraaaad in  a ia rito r ao t t o t  by t to  and o f 94 

bours tbay vara v ir tu a lly  absent from  tto  periteaaum *

a s im ila r  m t o f expmrlsaamba mas o a rria d  o » t s itb  a  

v ie *  to  fin d in g  o u t s to tto r  tto ra  aaa any difreranBO  in  

v iru lo n e e  totmean S taoto aureus gw e-truatod m ltk  buoaa o r 

r a to lt  plamaa sod tom aaaa s tra in  toon p ra -tm a to d  w ith  

flb rln o g a o -fre e  serum* T to  rm u lta , tooug^ n o t a la a r-o u t, 

In d la a te d  t t o t  a ooaguXablo moaatruun entoneed t to  v ira le n o a  

o f t to  organ la m *

to  t to  same study S m ith, to la  & W L tb  io% #& ptoa#  t to  

re la tiv e  Sayortsnea coagula«e and <X -toemoj



40.

•te p b jrito o e e a l îatemttocm- T toy ooapared tto  to faa tie B a  

praduead In  ga lnaa-p lga fay a tm  toa abtah «are able to  e la t 

gu toaa-p lg  j^wuaa (g ,p . eaagulaaa ave) w ith  a tm in a  db iek 

ew ad n o t (g .p . eaagutoaa - re ) . I t  «aa fm aai t t o t  a tra ia a  

pram otog ® -bae«a lya ia  eb iah «are g .p . coagolaaa -va 

pradueed laaa m rkad p a tto la g ia a l ebangaa a t tto  a lte  o f 

in o e u lA tlo a , t to  ta s te s , tto n  a tm in a  vd iiak «am g*^* 

eaagutoae *va and pradoaed na (X-tom eo3yaln. la tm darm a l 

In o e u la tlo a  o f guinea pig# produced aoaa a u rp rla ln g  ra a u lts *  

0«p* ooagalaaa era a tm  toa vd th  l i t t l e  o r no o C -to s lg to lc ity  

gave laatona eoapeWbla to  tboao obta ined «1th  h ig h ly  X -  

toK lgaato a tm  toa tbSeh «am  g *p . ooagulaaa -v e . oaa «oulA 

eacpaot t t o t  a re la t iv e ly  la rg e  lo o e u la tlo n  e f a toa igen to  

e rip u ia a  in to  a dooso tiaaoO  Ilk a  th e  A la  A o u l: protoee 

n e e rea ls , b u t n o t t t o t  t to  g,p, ooagulase *m  a tm la a  p ro * 

dee la g  l i t t l e  (X -to x in  A tooM  do so* In  th is  oanaw tlea  

t to  ftn d la e a  o f Ctopaaa, Bwrena, B lle a n  & Cum lo (108#), 
vdjtoh «am daaaribod la  an e a r lie r  s a o tlm , may to  re o to to re d * 

Vtmy atoead t t o t  v a ria n t#  o f a tapbyleoueci a ris e  la  la b o m tw y  

e u lta rs a  «b& A  la A  cm o r aare o f t to  o to m a ta m  o f t to  

pa ren t pa ttogaa le  s tra in  end t t o t  X -toem o lys ln  p ro d to tlo a  

la  #are e a s ily  lo e t tto n  eoagalsaa ppodoatlsn. W s  m ise s  

t to  p a o a lb illty  t t o t  t to  a tm in a  used fay S d tb , to la  &

Sb I A  «am  X  W e a ^ iy a la  -ve  v a n a o ts , and t t o t  a n lm l 

In e o u le tio n  re s to re d  < X ""*to lgan la lty# u o fo rtq n s te ly  no
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«wsfeioi» Sa aaaa o f ta a ta  oa «rgaalaaa raaaaarad fk o n  tb a  

laa leaa  praânaad la  A a  axpwAm antal a a la a la .

9 ta  aaa% et â a d A , Sala & SadA bas taan daaaelhaâ 

a t aoaw la n g A  sSqm i t  la  tba  aaSn acattriln ife toa to  tba  

m deaetam iiag o f tba  p a rt pXsyad by aaagulaaa la  s ta p ty la *  

aoaeal in fo a tla n a . Tbaaa «uAava d id  n o t d a ta  t iie t  

aaogalaa# aaa A a  o n ly  e r aaaa tb a  aaat iaem rtao t fta a to r 

A  A a  lo fa a A a a  praoaaa, b a t A a y  aoAm Dtadly âaaewotcatad 

lA  iHpavtaaaa. AHaaâng fa r  tba  w lt la l# »  tb a t A ay aaad 

aoyavlaan ta l antwala a o t n w ra a lly  auaaaptlb la  A  loTM tSoa 

a lA  S tapb. mseem» tb a ra  aaans A  ba a  gaW  d a a l a f A ld « m a  

A r  tb a  v ia a  pu t fo ra a rd  A  A la  aaé a pradoua papar (fib la  

4  S a lA , 1943} tb a t t A  a A  p31o o f a a a #ü a A  A  A fA A m  

A  A a  paavia lo a  et a  pga taetA a  ba rrS a r a g a A s t pbaga* 

o y tM A  by v lr ta a  o f lA  aolkUm a  flb rln o g a a * A  A  ü A e  

yoaa lbA  t t o t  A a  aaeovranaa et la a A a a  A  a tb a r p a rA  o f 

A a  body, tbanaugb t A  tra n a p A t et A fa a tla a  «abcdi» A  

éa tem A ad  ty  aoegalM a.

T A  o o ly  aabaeqvato* «oxk « A A  tA o m  on A a

rS A  « f oaagdaaa A  ia fa e tA a  A  tb a t a f la m A a k l ( IM * ) .  

le a d n tie l 4  A A r A  (1943) A d  s A a  t A t  beam pi A  aaa aon- 

ta la a d  a e tb a te a A  a b lA  S ab ib itad  A a  d a A A g  M tA a  et 

eoegulaw  and A a t A A  A A td tc a y  aA aA naa mm graaa n t A  

gyaa ta r aanont A  A a  b laad a f b e a ltty  .A d tvA o a A  tbaa A  

A tla a A  # 1 A  A ja r  atapbylaaoaaal la fa o tlA a *  Tawlnalrti
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temd tb d  ra b b it#  «b lab  bad baaa giaaa a  a ln g A  In tra -  

p a rlto n a a l A ja a tlo n  a f an la b lb itc w y  hm aa mnaa aura ived 

latravaoaaa in a e u la tlo n  a t A  a v & rd a o t atmia o f S tasb» 

aareuB. abaroaa ra tb lA  a&tbawt tba  p ro ta e tla a  daaa o f buaaa 

aaraa dlad« Tbo p a o tea tleo  dapamdad on tb a  aoagtil aaa» 

A b lb ito v y  aad a o t tba  .am *l- oc-baaaolyato t i t r a  a f tba tern 

aara ta a ta d * Lewteabl paim ta o u t Ib a t a lA o a g b  a a ria tlM a  

tn tba aaoim t a f a a tim ta r  ia tb a  blood o f d tffa ra n t agaeim 

«tgfat A oooB t fa r  « a rA tio n  A  apaoAa a o a o a p tA ility  to 

atapbyloeaaoal S itfa a tia n , i t  oaanot aammit fa r  dSffacaneaa 

A  a u a a e i^ A illtg r « IA A  a aA g^a apaaiaa eniah am oaa « ta ra  

tb a  A v a l o f a a tA a ta r A  uaifoamdy b igb*

fW a  o f..a a tA a  .o f g r-n"1lBtlff
T bA  A p a a t « f  tba a«#»ja# « i l l  ba tre a te d  A  # aa ta r 

d to a il A  a  A ta r  aeation» ba t ao o a tlA a  o f tba davMapBeat 

o f oa r knoËAdga o f tb a  o lo ttA g  jvoaaaa A  gA ao A A a .

A  « i l l  ba r eae lla d  tb a t tba o A a a A a l aapw iaaB A  a f 

■aab (1908) abeaad tb a t tb a  o A ttA g  o f M ood far

aaraua d iffa ra d  fro o i tb a  normal c A tt ln g  praaaaa* C oagtil- 

aaa «aa naW m r p ra tb ro o k A , tbrombokAama o a r A ro d b A ;

A  aatad A  tba abaanaa o f fame « A im a  A na  #md d id  n o t 

« lo t p u r ifA d  flb rA o e o o * A  add i t ion* aaaa A a to r  «hA h  

«aa lo o t A  tba  p w ifA a tlo n  o f fA rA agw a t aaamad A  A  

naaaaaa ry  fo r  aA piayloooew tl o A ttA g .
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loD b** exparloanA  mm mmàm Sa t to  —nsa %mt IA *  

«twpbyîeeeedl warn "umA and aaaa o f bSa nagatA a ra a u lta  

n ig to  to  a ttrib u fca b A  te  la a k  a f ow atbs uaaa ttto A a a  M a 

finding» maala a to a ta d b ia lly  tna».
TbMW aaa a  lapa* e f aoaa yeava to fto a  tta la  preMam 

agato a ttm e to d  a tte n tlx » , b to  fto m  19X9 A  1891 o a a tla  

ÿ d tlta to d  a  aWLaa a f papers an tto  aoM oo o f a ta p iy lo o e a e l 

an pXeaoa. In  h la  f i r s t  papw  Q re tla  (ism a) Ito n d  t to  

to te v lo u r a f atepbylaeeael a n a lo#aa  ta  a tb a r to e ta r la l 

apaolaa A  ra n d to in g  oatolated ra b M t pSaaaa oave a a a ilj 

a la tta b A  aa r e aaA tfy ta g »  la  M a o n t  paper* boaaaer 

(a ta b A * 11093), to  a lte re d  M a v A a a i to  d la ttn g a A to d  

to toeaa  tto o a b A  and neagilnee ty  a toa ing  A a t a ta p ty A *  

aaacl aeuld e la t pA saa A  t to  paaeonee o f  M ra d A  «blab 

A to rfa re d  a itb  t to  a o tte a  o f tto e e fcA .

T to  aana*ptl«m  t t o t  e ta p iy lo e a a e l a lto te d  M ead tgr 
a  aeetonA a Adapeadeat a f ttro a b A  a f aM ab t to  axpanaMs 

«are aoeb aad O re tA  aaa ebelA nged ty  9 M f (1819a, 19193) 

a to  aaggeated t t e t  t t o  a o tlm  a f s ta p tyA e a o c i aaa a a re ly  

t to  k A d  a f tb re rtb W a e tA  a a tA ity  atoea ty  o tto r  ta e ta rA l 

apee lea aad reqaA ed t to  agm cy a f tto o o b A . S e lf aea p re * 

tatC ty rlg k b  A  sayA g  tb a t a itb  t to  erode netboto a f pw M A - 

aaM aa aaad I t  aaa ta llt o ly  M e t d re t A *a  p rw ra tlo a  ta d  

toaa  a a e g to te ly  <Apr A a d  a f t to  gaoeraters a f tb ra to A  *  

p ra th ra ttA  and A rto tto A e a e . Beaeaar, o re tA  (1990e,

i
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10800) A fte r  #  # *rte #  i t f  ooatABz «gqprteMate te te W a g  

flb r ia e e w  te U m d  te  te  fte #  fro a  p w te rm b M * teeoHtekla-» 

### and ttaeostOa and te a  coa «T dUCCMNntlal Ite te& tS an a f 

aaagidiaae and teraWb&n ra -a fftn o a d  M a te lte f  in  tea d la - 

tln a tla a  na tera  a f tea  tea  te te tin g  aaotentaaa*

te a  pM blaa raaainad la  a ta te  aaa a o t ll I t  angaead 

ttaa a te te tla n  o f Oangaa (1803) te a  mada a  aoagro tena lte  

•to d jr o f t te  aoda o f a a tio n  o f coagtilaaa* B la a ta rtta g  

p a in t aaa tfaa o a a flla te a g  avidaoM  on te a te a r atepfegltoaoool 

a la t a r  do n o t a la t p u r lfla d  fSxrSaagan- Qoo@aa*a M ra t

a tep  aaa to  damaoatrate te a t eaagttlaM  oaold to  praduwd la  

te a  alMHRaiaa o f f lh r W ^ te *  to  n a zt teaaad te a t atapfegrlo* 

oaeei ip tta  aa a lto  o M te r « ten  gm m  la  a nadiua eanfcalnilwg 

tSJbvixms/m o r  tern* flte d n o # *a  aaa addad to a  b ro th  a a ltto # »  

M a t fa rnad  team plaaaa aaa addad aaan te e n  tea plmam ta d  

team fpaad from  flte ln o g a o  and tea Braaaraoaa te  tteoaM n# 

te  fe a t, daogoa danonatratod t t a t  tea  e lo ttia g  o f f lte la a -  

gan by atajdayteooael ro g ttlra d  t te  te tw a e n tla n  o f aoma o te a r 

fa a tto  ira aaat  te  pdaama» Mia Ite a rp rte a tlo n  aaa arom@; ta  

tte u g te  te a t teen no o lo t fteoad  te la  aaa daa to  ly a la *

T to  B o tlan  o f tee d te  Itadn tead  pdama oaa b te lovad to  ba doe 

to  I to  aoo ta te lng  ly a la  Itedb& to ra  and, in  fa o t, ta  ataaed 

te a t aartae a lte a dn  and g lo b u lin  aaro ly a la  In h tM te — >

vaterauaagbtoD (IW êb ) took op t ta  fu a a tlo n  o f t ta  

ro la tlo n  te  o a a g n la tlte  to  ly a ia *  Me uaad te a  p laam  o f
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enîae*-p4g8 te ia h  Sa n a t maraalSy a la tfta d  by abateorSaeeftoi 

and faona te a t a lte r n é  I t  o ld  ne t noanaally a la t a t 

a la t faanaad a t ta # a ra tq p # a  ba le# ftO^C* In  a rd a r ta  a lo ft 

a t ft?4c. a oaak p ra ya ra tlo n  o f ooagtSaaa bad to  ba uaad o r 

human aanaa albm ala a r  g lab ttU a  aiMad. 9a amwaad, a long  

lin a a  o f r aaaaptag a la d la r to  tihoaa o f oaagaa# th a t lyaSm 

oao alooad doan aft ftamparabooM bo lee  and Snblb&ftaft 

by album in a r ftlO bolSn. a ta  StemrprataftSon taaa «rang 

ainaa gulaaa-pSg pftaataa ohSeh baa raoalaad taaalaftftad e fto r  

a  iro lo n g a d  p e rio d  aft 87*c« « i l l  « lo t i f  th e  fta ^w a ftu re  

S» reâaoeft to  80% . taodth A a a le , 1944). M L th  ft a ile  

previûoâ a p a r t ia l m edaoaftioa o f tbSa anemaloua btearieiap 

o f gitlomaHPSft p lam#  (aaa p»4 6 ) b u t daepdfta A r tb a r  «ask bgr 
%a@ar ft fk la a  (IM ftb ) tU a  «onplajc p reb laa  rmaaina tn ra - 

aolaad.
te w a  Sa no to te ft tbaft ooagnlaoa and fUateateyaSa 

are  f ra yuanftly  aaaooSataft# fS abar (HXMb) fbond tbaft 94 

o f to  aaagnlaaa *m a tra tn a  produaad fS b rS oo lya ia , ChteteSo 

ft V ila a o  (1941) to  o f  99 and Gbapman (1948) to  o f to .  % a 

fo o t te a t ftbera la  a  a n a ll prapavftion o f ooagiilanoi *aa 

o te a iaa  te ta h  p roduoa no fjb to n o ly a in  aaoam to im la  «oft tea  

poa a ib H ifty  te a t eoagüaae and f i b rS«o# n lo  a r t  iftau ftS aa l, 

and a o la a r oaparaftion o f tea ftaa aaftSrSfeSiM aaa abana by 

OarbaSm, fo rgaaon , S ra v ia , fobnafton ft Boylaa (1948). teoy 

tm o A  teaft tea ra la ftiv e  pr aper t i ona of ooayilaaa and
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f lb r ia e ly a la  Su t ta  « le te e l p rw ilp ita tM  fro a  b ro th  ouOttao# 

o f S taob. a iaw ai d&fJToapad from  o tn a in  to  otraSn*

là lt t lo  kn o o lo d #  o f t ta  modo o f a o tio a  o f ooogalaoo 

ta d  m orgad from  t ta  oo rk |o o t dooorlbod om opt in  t ta  

nogatloe oooae t t a t  eoogulooo oppoarad to  mot la  o  d iffo ro n ft 

m anor from  t ta  norm al o lo ttla g  mootanlem o f t&ood. W ith  

ft m l#  (1944) a t la s t otao ob i#  to  b rin g  aoma ta d a r in to  

tb l#  m nfuaad a ta ja o t*  fbagr ataoad t t a t  coegaleoe by 

it a a lf  la  la a a tlra  b u t t t a t  by ro a o tla g  o ltb  a  fm ta r  soaamat 

Sa aoom plaamaa mod dafW Laat o r la ta la g  la  o tta ra  I t  So 

aoora r t ad to  a a ttva  coagulaaa, a  te M ta S a -llb a  ataotanao*

T ta  raaotSoo o f ooayilaaa  m lth  a o tlra to r  to  g loa a e tira  

eoogî basa aaa teaan to  ba aaalagota to  t t a  oonaorsioa o f 

sawttaoaM a to  te ra a tte i by teroobOklaaao «BDopt t t a t  oa loftum 

Iona am n o t roy iS raa* %my found t ta t  pSaaaaa n o t n a ra a lly  

o lo ttW  txjf ooagulA#» (g o lo a a -p lg , mouta and foAL) oould bo 

mado a a a lly  o lo tto M a  by tb a  a d d itio n  o f a a n a ll g u a a tlty  o f 

a o tla a to r in  tea  foam o f tanam ta a tla  a z tra a t. ft pmNLflod 

fib rln o ^o m  o M u tlo n  Obleb ra a a lta d  u n a lo tto d  la  t ta  proaotaa 

o f aaogatfiae gaaa a ra p id  a lta  on t ta  a d d itio n  o f ao tS va to r* 

la  tb la  aama p to o r t ta  tta o ry  t t a t  tta  paauU ar bataavlour o f 

guinaomplg plaama aaa dm# to  t ta  fS b rlo o a y tlo  pM ta ftS aa  o f 

ooagalaoa aaa dlspoaod o f .  fta ltb  ft Halo found t t a t  a  

a ita ta o  o f gu lnaa*plg  # a ama ta d  ooagulnaa a ta te  ta d  rm a lo a d  

f lu id  fo r  84 ta u ra  a t M o tta d  te ta  plaood a t 80% . and
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b e lla va tf t t a t  t ta  •z p la n a tle n  la y  in  tta  ra t#  o f ta s tr ta tio o  

o f a ta ir#  oo#ga l*** azm odiiks t ta  rta #  o f fta o a tlo o  a t t ta  

h ig te p  te o p a ra ttra *

Ttaa Sm ith a ta la  aaaoad th a t oaagolaaa aa praôoaaA 

by ataphyloaaoel la  Jnaatiaa» t t a t  I t  la  eooaartod to  ita  

a e tlo a  foam hy rm e tlo n  a lth  m a o tlo a to r proaoot la  aooa 

plaanaa b u t d a fla la o t o r to ta lly  l acdglog In  a ttazm , mod t t a t  

th a  n o o .o o e g a la 6 â ll^  o f t ta  plaenaa o f aooa apaclos la  daa 

to  d a fte la o o y  o f a o tla a to r o r oonS itians oWoh g ro rm t th a  

a o o a a tla tlo n  o f a o ffle la n t a o tlv o  ooagataea. TMa d laeovtay 

o f tta  exiatonoa o f too  forma o f ooagqlaao a ig iile lna t ta  d$a- 

orapaat ro o u lta  c taa lnad  by aooa oaaA lor ooattao In  ra # rd  

to  te a  playalaal % »o#*rtlaa o f eoegalaaa. Coagolaaa p ropa ro i 

in  a a ad lto i o o a ta in ln g  p la a t  aaa re a lly  o o ttao  ooagEOaao 

vh lo h  is  sore f l l t a r te la  and aera o ta lly  daataeqrod by ta s tin g  

than t ta  In a e tiv o  ooagulaaa fo raad  in  madia oSthaat ptaeaa* 

T ta aborve oocomat taoara  o n ly  Ita  p w ln d  op to  t ta  

tla a  o f Ss&th ft ta la  (1 M 4 ). h a ta r daoMoyoaôta ara «Un* 

oossaâ In  S aotiim  I I I  tb ta h  danertaos anpannsnta uadortatao 

a ite  te a  O hjoat o f a lu o lta tin g  t t a  aotlaatoV ooagulaae 

re a o tio n .
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cm iittU ao

Muah (1908) ■oBttonea tta  ptaam a» of o lo t inhlM toro 
In huMsn plmomom ond oovoool o ttaro  mo# oiaoe oenfiraoA 
th is  eitaenetloo (omos, 1983; m ioton, 1938; ftmifth ft Hftta, 
1944; lomlmkl ft B otarta, 1943; tagor ft ta lm , 1948#).
Tta o lo t Inhibitor# ##r# found only in  oocoolonal  #;g#«ilmon* 
of plnsm  and ##%# uam lly offsotlv# to # oooy loo titro *  
o tm r «oriBom (SMrio»#. 1993; Sodtao# ft dohlarlgt, 1933} 
oor# uBOblo to  donoootmto may petardetlen of o lc ttlag  In 
plmmm* of potlonto o lth  mtogbyltaoeool Infoctlono oton otan 
t ta  maro. ohoood ft Mgb oati-tauaolysSn t l t r o .  CrtiHnitank 
(Ito?) found ( ta t tta  ploom# of too patSonts o tth  atapkyio- 
oooaal IteO otlota gw# nom al O lottlng tlooa mod th a t four 
yteiaots» a f te r  a  oourao of otagtyiooomml tomold mtaaod # 
rlaa  In aoti-taom»3y#3n t i t r o  W t no taoraaaod raaistaneo to  
o lo ttln g  by ooagulaaa* orooa (1933), on tta  a tta r  taad, 
foand ( ta t  anti'Hitaphyloooetal s a ta lt aora aara oapabla of 
lolàlbAtiLxitt so%Jboii âûsflsàlss#* Imk a a ly  t#  #

lea  t i t r a .
tonouB a t ta a i^  to Samalae m lim la to ooagulaaa ta ra  

mat « Ite  aU gta auaoma* %oaa (1931), Budhuoa ft dohSmlto 
(1933), Ba la t oo (1933) and Smith ft ta la  (1944) oar# unahlft to  
obtain toy mataad antibody fom atloo In aagarlmMtal m im la* 
Thua I t  aotaod t ta t  althouiA oaagitlnaa Inhibition oauM 
oaoaaloaally to  fauod In hamn plmmmm t ta  an tlgm lolty  of
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eoegulaoe raaaixwd In doubt* %» Inhibitor# had not haoo 
fouad to be a lg ilftean tay  M gtar in tb* iOAana# of paMenta 
auffaring from sta j^ ln eo eca l infso tiaoa, a ta  ani&aX aj^ari*  
manta ahowad th a t ooagolaaa had l i t t l e  i f  any ahlHigr to  
a l la i t  antibodloa*

ft aaa aapoat o f tea  p rte la o i amargad, hoaavar. In  th a  

ra a tlts  o f an In ra a tig a tio n  o f the oocurm ioa , n a t'jra , amd 

anda a f n a tio n  o f in h S h lto ra  oarrSed out fey lo m lta k l & 

R flbarta (1946). Tbaj dmaanatvatad tha  praaame o f an in »  

h lh lto x y  anibataaco in  the aara o f a la rg e  p ro p o rtio n  o f 

paoplo (213 o f 3 4 8 ). The infraqtmmey a lth  nM ah o lo t in -  

h lb lto ra  had baen found fey jpravtoua aarkara aaa #%%aalaed 

hy tao fla d in a a f flx a tS y , coagilaae «as teoan to  hare a 

g re a te r a f f in it y  fo r  fih r in o g m  tean fo r  In h ib ito r , and 

saooodly, the use o f l i r a  e ta te y lo e o e c l o r h ig h ly  po ten t 

praparaticm a o f ooagolase eauaed tha  in h ib ito ry  a ffo e t to  feo 

aaasQod. The r a r it y  o f o lo t in h ib it io n  hy plasma is  te a rs * 

feme to  fee a w oto d  and la  fa o t Im ainm kl & Roberta found 

th a t o n ly  a a a a ll p ropartlm s o f the plaem a atnadned in 

h ib ite d  e lo ttia g *  T h e  Saoldetwe o f lo o -  o r n o n -ia h th lto ry  

s e ra  «as g ro c to r in  p a tie n ts  a a ffa rin g  fro n  aouba an ja r  

' e taphyleooocal in fe o tio o s  than te  hoaltfey people. Tfeay 

ahaood th a t in h ib ito r  pooaeoaed a txmdbor o f antibody 

o h a ra e tm rls tie s  b u t d id  n o t d o fte lte ly  aocept I t  u n t il 

auoeooaful te m n ia a tte o  In  nan o r a n ia n ls  had boon eoMaood.
i
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S to h  o Q o e lu e lo s  « v td o o M  o f  a a tlfe o d y  fo x a a t la a  l a  

ra s p o o s e  to  e o a g o l* * *  « w  p p o v id a d  b y  fa g e r  & ta lo a  (1 9 & 8 b }«  

T b a y  « a re  a b le  b y  tb a  w a  a  b i# a y  p u r lf la d  a n d  p o ta s t  

o o a g u la a o  In  t t a  p ra a a n a e  o f  s ta p b y lo e o a o a l c x ^ -b a e a n ly a ln  

a a  a  p o ta a t la t ta g  a g e n t t o  a n tib o d y  f o r a a t io n , to  a c h ls fa  a  

d a f ln l t e ly  is a ra a s o d  In b lb lt a r y  t i t r e  i s  t t a  a a ra  a f  Im -  

m m ia a d  a n ia a la *  C o m p lam m t H a a k t io n  te a ta  an d  a g i^ u t l t a -  

tlO B  o f  e o H o d ia a  p a r t la lM  o o a te d  a l t h  a o a g a la a a  p ra v id e d  

a d d it io n a l e v ld e a o a  o f  a n tib o d y  fo R a a t io s .

F a r th e r  o o rk  b y  B a m aU ea a p  a n d  h is  a a a o o la te a  s a a o a  

t o  b a v a  e a t t e l la t a d  b a y w d  d o te t  t h a t  e a a g u io a e  la  a a tlg o n lo  

b u t  o n ly  in  r e a p a e t o f  c e r t a in  a n is a la . B oaaaellw aP » S a d g e r, 

D tn g la , F a U a r  ft S o d g m  ( I t o o )  « a ra  ta a k b la  t o  ta m m ia e  

r a t a l t a ,  dnedea, c h lc ta a s  a n d  g a a a a  t o  c o a g u la a e #  b ttt  M t b  

a o b ta y a  te q r  fo ia a i a  s t r ik in g  r is e  in  a a tl-e o s g a la a o  a c t iv i t y  

a f t e r  a e o u rs a  o f  is ja e t io n s  o f  e it h e r  to à g a is o o  o r  a c t iv a  

o o a g u la a a . F c r te a r  a s @ a r ita n ta  sooaw d to  a ta #  t e a t  n o t  

o n ly  « 0 0  o o a g s ia a a  a n t lg e n lo  b u t t h a t  a a v e ro l a o a g u la a a a  sauX d  

b a  d ia t ln g a la b a d  a a r o la g lc a liy  (BasEaaltauta# a a m b ic k s  f t  

P la g ie , 1 0 5 0 ) . C o a g u la a e  « a s  p ra p a ro d  f iN »  th r e e  s t r a ls a  o f  

o ta p h y lo e o a e i an d  a  la r g e  n u te a r  o f  b n m n  a a ra  « e ra  te s te d  

f a r  in h ib it o r y  c a t io n  a g n la a t  a a e b  o o a g tila a o * T ta  im h te lto r y  

t i t r a  a f  t t a  a c re  « a s  fo u n d  t o  d ap o o d  o n  tb a  o o a g M a s o  a ta d  

in  t t a  t o s t ,  ia u t r a l is a t io a  e a p ftH n o s ta  « t t e  taana s e r a  a n d  

t t a  a a ra  fro m  te n n ls o d  a s b k s y s  e e m flra a d  t t a  d is t in c t  a s t l -



g e n lo  a s tu v #  a t t t e  Vaseaa e o a g u la # # * . r e s p ite  s a n e  c r o s e -  

v e e e tle n  I t  « m  fe u n d  p o M ib le  t o  o to M te , e p s e l f le e l ly ,  te e  

m ta rla x  lo M b ito x y  to  cm  o f  t t e  t te e s  e o s g o le a e o  M t t e u t  

o X to r la s  t t e  tn b lh lto c y  t i t r e  t o  s o o t t e r . te e  e z is te a e e  o f  

o p n o if ie  «w ag tO ssee  o f  a .te te -  o u re te  ttd g te  te  uood to  axpHaia 

t t e  e p p a re n t a te o o o e  # f  o n t lt e d iM i t o  e o e g ate eo  In  t t e  e n m  

o f  p e t ls n to  m o o o e r ia g  fro m  o te p iiy io o o o c a ii la f e o t i t e o  o a  te e  

•o s v n rp tio n  t t e t  t t e  a a t it e d le o  p s e a a n t o w e  n te  s p e o lf te  t o  

t t e  e a a g u la a e  u a a d  In  t a s t in g *  %  so o n a  u n iik s ly , h o w ra n p , 

t t e t  t t e  o o n p e ia tlo n  o te a rv o d  b y  W m ln a k l ft  B o te r ta  te to a a o  

a u a e a p t lb lli t y  t o  s ta s h y X o e o o o a l It t fe o t ie n a  an d  la c k  o f  

In h ib i t o r  In  t t e  p a t ie n ts *  a a ra  o a n  t e  a a o o o n te i f o r  t a  t h is  

s a y . T h is  y e a r  i^ o th ta  ft  lo r s o a  (1 9 6 S ) pM X teoed  c o a g iâ a a a  

a n tib o d y  fo r o it ic m  a v o n  In  r a b b its  b y  t t e  In ^ s a tlo a  o f  e o a g u i-  

a s s  a d a w b e d  o n  a Xumt e iu a  p te a p te te ;  i l t e  p e o v lo #  w M tc s rs , 

t t e y  aw n e t  g a t a s n z te d  saWbody re s p o n s e  te a n  ooagMsoo 

a a a  In ja a ta d  b y  i t s e l f .

Altboagh tea a b ility  a t eoagnXass to  a lW it antibodiaa 

and tte  aaistoaoa o f a a tig s a ie a lly  d ta tin e t aoagatfttes aaa 

ba ragardad as a a ta b lia te d , tbmre are  a m te a r o f problaa» 

s tS il unraaolved. I f  Inh ibi t or  Is  a eoa@ üsae-antibo4y, «by 

Is  a n tig a n le ity  so d lffW u lt to  ftaaonstrate in  aaparSaaatal 

l aaaalaatioaT  I f  la b lM te r Is  not an antibody; to  te a t 

oategsry o f stestanea does i t  te lo a g t TbtMO yasatieoa atU Ll 

a a a lt a eoovlnelng anaaar.
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Tha BTCftaetioa « f ooagaüw In  Tmboratut'j madia* Iso la tten  
o f variapta e f 3TAPH. AgRKOa «Ivloa h ite  and lea yia lda o f 

aaagolaaa.

Xn order to study tbs Influsaes o f nutrients on tea 
aynthssi# o f ceagalass hy Staph» anrsaa i t  is  laqiortant to  
have stra ins «hieh give blgi* and ragolar y ie lds o f oeagdl- 

ass. But as Tagsr ft Bales (1947) pointed oat, undsr pro
longed e u ltiva tlo n  a s tra in  nay undergo isrofotmd ohmmgss in  
its  eapaeity to  produee ooagulase. Laboratory stra ins 
o ftm i deteriorate and lass oft«a suddenly Improve, and the 
v a ria b ility  eannet be aoeouzted fw  by changes In tbs c<m- 
d itiens o f eulture since i t  oeeurs even ehsn th»so condi

tions are ea re fo lly  contro lled and the same batch o f 

mediisa or a obemlcally defined medium is  used.
The d iffic u ltie s  te ieh  th is  irre g u la r bebavicnir caused 

in  eork on the eynthsaia o f ooa^ilaae lad to  the investiga

tio n  o f a nutecr o f labw atory cultures o f Staph, aureus 
described beloe I t  «as fe lt  th a t a Imomledgs o f the con
d itio n s  g iving  rise  to  fluctua tions in  the coagulase-]^- 
dueing poews o f a s tn in  might esgplaln Inoonslatw t re
su lts  and perhaps enable eonsistcnoy to be achieved.

OtMi o f the f ir s t  points to be investigated vac 

«bother a ll the o r^ ism a  o f a cu lture o f State, awous 
produced the same amount o f ooagulase. I t  soon became 

é v ite n t that «ids varia tions existed and in  the foU ecing
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pages a desorlptloa la  given o f some of the oharaotere o f 
high- and lov-ooagalase-produslng variants and of methods 

fo r is o la tin g  them.

M aterials sod Mstheds

Strains» Ten stra ins o f ooagulase positive  Staph, mxreue 
sere used; they sere selected hecause they gave high yie lds 
o f ooagulase. Tee sere one-year-old laboratory stra ins 

and tee otear eight sere recently iso la ted .
Media. Three amdia sere used t (1) hwse-heart extract 

broth, (2) "Ihb-lMseo" broth agar, and (3} herse-beart 
digest»4iroth agpr w ith  S i o f oxalated horse blood. Medium 
Mo.8 vas used e ith e r unhmated o r heated to  80%. fb r 10 
minutes; the pB o f the three media «as beteeen 7.2 and 7 .5 . 

Plasma. Hunwn plasma containing 0 .6 | sodium acid c itra te  
and 0.4;! glucMO ms used, ears being taken to  use the stuas 
batch «hen eoagulase jxraduetlon o f variants mas compared. 
Estimation o f ooagulase. Faar id . o f broth in  4 x l/B  in . 
te s t-tte e s  «ere Inoculated and incteated a t 57.5% . fo r 
fo w  days. These de ta ils are im pwtant became i t  «es 
found that the degree o f aeratimu mad the surface to  volume 

ra tio  o f the cultures iaflmsnoed eoagulase pm testion. T«o 
methods o f eoagulase estim ation cere used* (1) a e lc ttin g - 
tia s  msasuremsnt, and (2) titra tio n *

(1) C lc ttin g -ti« — measurement. 0.5 m l. o f cu lture
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ma added to  0.5 m l. o f a 1 In  5 d ilu tio n  o f plasca In 
O .to l aallne in  a 4 z 1/2 in . teet-tube. The ttoe  aaa 
gently rocked ttirough 46° from the v e rtic a l and the time 

takm  toe c lo t to  form vas noted.
(2) T itra tio n . To 0.5 m l. o f s e ria l doubling d ilu 

tions o f the cu lture  to  0.85# saline cere added 0.5 ml# o f 
a 1 in  5 d ilu tio n  o f plasma in  merth lo lsted sa lin e , the 
fin a l concentration o f am rthiolate being 1 in  1000. The

highest d ilu tio a  o f the cultures to shoe c lo t a fte r 

hours a t 57.5% . sea noted and recorded as the eoagulase 
t it r e .

Iso la tion  o f m rian te
The method vas «MPigjnally devised in  order to fin d  

out vhsthsr the Ind iv idua l wganissm in  a culture o f Stach- 
atupeus sere id o itic a l in  regard to  ooagulase production. 
Accordingly, too th  oulttsras «ore p lated, and from a nusber 
o f eolm iies, usually 84, broth cultures «ere again made. 
A fte r 4 days* inctea tiœ  these «ere tested toe eoagulase 
by measuremsnt o f e lo ttW g tim es. ■fami differences in  
c lo ttin g  speed «ere found the cultures v ith  the îA^toat and 
Icmest c lo ttin g  times «ere s^dLn plated, colonies picked 
in to  broth end the broth—j#late—broth cycle repeated 

several times M th tbs aim o f selecting the best and the 

«erst eoagulase producers. A t f ir s t  the cicdmiam «ere 

picked a t random but i t  w s soon rea lised th a t tbs fa s t-
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o lo ttlo g  and tbe #1*#-c lo ttin g  variants could be rscogalsed 
by tb c ir characte ristic grovth In  tooth  and co lon ia l oor- 
pbology, p a rticu la rly ' oa blood agar and heated-blood agar.
The A>Uoeing association o f ooagulase ppcduetlon and gpoath 
characters «as found t the fa a t-c le ttin g  varlm its gave 
granular groeth in  broth and eolcxiles o f varying degree o f 

rougtecB*» teereas the s lo v -c lo ttin g  variants shooed istifana 
tu rb id ily  in  broth and gave sooote eo lw ie s , typ ica l o f 

3tate.aureus. Consequently grovth characters beoaae the 
guide in  the seloetloa o f verim ats.

A t th is  stage i t  vas recalled th a t Bigger, Boland & 

0*Hsara (1987) bad found th a t rough eolcniss o f S tate, aureus 
may re ad ily  be obtained by p la tin g  o ld broth cu ltures. Since 
the fa s t-c lo ttin g  variants sere o f the rough type and since 

i t  aaa noticed th a t rough variants could be detected in  young 
broth cultures by the ÿeaavJae sppearaooe o f the breth and 
the pracnace o f p e llic le , the fOUovlng method fo r the iso 

la tio n  o f ro u ^  variants «as evolved. Toaag broth cultures 

shesing g ra n u la rity , o r tooth cultures «hieh had been a llossd 
to  stand fo r 1 - 8  «êtes, w re  plated and checked fo r the 
presence o f rough (R ose fa s t-c lo ttin g ) and mssoth (S or 
s lo e -c lc ttia g ) va riâ tes. These colonies served as s ta rtin g  

■ a te ria l £oae breth cultures s ith  «hieh tee eaperimstee oa 
eea^xlase production «ere carried  out.
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BESOLÆS 
I—c rlp tlo n  o f variants 

Tbs ozperissnts d«aonstrat«d tbs axlstenee In tbs 

10 stra ins o f variants d iffe rin g  ow siderably in  ooagulase 
produetion and greeth ebanuBtem; a deaerlptiœ t o f th s lr 
d istingu ish ing features is  given beloe#

Tbs fa s t-e lo ttin g  variants g iving high yie lds o f 

eoagulase shooed a variable degree o f rou^msss in  te s ir 
grooth} in  84-bour broth eultures the liq u id  odgbt be a l-  
most clear o r more o r less tu rb id  but i t  alsays contained 
coarse granules v is ib le  to  the naked eye. There «as aleays 
a p e llic le  v ith  early rin g  fom aticm  and a heavy deposit 
«hieh «as v isc id  <« shaking and had an irre g u la r edge 

(P ig .l, p.60). On so lid  media the e o lm ia l mobidiolegy 
«homed a gradation in  R characters. Q& blood agar o r 
heated-blood agar the fa s t-e lo ttin g  variants o f aom stra ins 

«ere sm aller, more opaque and more convex than the ftypieal 
«sooth colony o f Staph* aureus (P ig.S, p*64); i t  «sa only 
teen picked in to  broth tha t they revsaled th e ir ro u #  
character. «ben touched v ith  a « ire  these eolcnim i «ere 
e tee rte t and could be sh ifted  as a «hole cm the surface or 

lifte d  e n tire  on the loop; they oftea had an irre g u la r 
ou tline  and dry iqipearanee* Oa beated-Mood agar the 
rough characters «ere' more oaxtocd* F in a lly , four o f the 
stra ins frequently gave ty p ic a l B colonies (Figs*S and 5 ,
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pp.61,62) vesetellag those described by Bigger, Boland & 
(I'laear*. Tbe ro u ^  ebairaoters became less astsked a lth  age 

and a fte r 48 hours eoloalea o f the fa s t-e lo ttln g  and slow- 
c lo ttin g  mariants might be ind istingu ishable. Bmaolysis 
d id  not appear tobe correlated s ith  R—3 va ria tion* On 
occasion, a fte r 48 hours' incubation, a s lig h t clearing o f 
heated-blood agar around the colonies vas noted. P l^ .2 -5  
(pp.61-64) show the d iffe re n t co lon ia l appearances associated 
a lth  the fa s t-c lo ttin g  and s lo s -e lo ttin g  variants.

Ths s lo sH ilo ttin g  variants ^v in g  lorn yW lds o f 
eoagulase Shoved grovth of the smooth 3 type generally 
associated v ith  Staph., aureus. In 84—48 hours * broth cu l
tures there vas im iform  tu rb id ity  v ith  a l i t t le  smooth asdi- 
tmat «hieh could easily be shaken up; no p e llic le  o r rin g  
fonaatien in  these young cultures «as observed (F ig .l,p .6 0 }. 

Oa so lid  media 24-hour eolcaies «ore c irc u la r, s lighU y con
vex, saoote, g lis ten ing  and e n tire  (Figs*4 and 5, pp»63,64). 
The clearing o f heated-blood agar occasionally notw  aroimd 

48-hour colonies o f fa s t-c lo ttin g  variants «as much more 
frequent and extmasive v ith  the smooth variants *

From one s tra in  a smooth varian t «as iso la  tte  «htcb 
produced no eoagolaso a fte r 72 hours' grovth in  broth. The 
resu lts  o f phage-typing dcseribsd belo* ahsv th a t i t  «as a 
varian t and not an aecldmatal contaminant.

The ebaraeters o f tta  fa s t-c lo ttin g  and e lo v -c lo ttln g
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variants and ths association o f R and 3 va ria tion  v ith  
ooagulass irodncticm  arc susmrised la  Tablas 1 and 8 
(pp.65, 66).

Ths question arose teetber ths difference in  eoagiüase 

produetion betveen the tec variants «as due to  a d ifftoeox* 
in  gpovte. Ths resu lts  shovn in  Table 9 (p.67) indicate 
tha t the amount o f eoagulase produced by the R as ecspared 

v ith  the S variant is  not proportionate to  the difference 
in  th e ir grovtdi.

On prolonged Incubation tta  c e ll count o f 3 variants
.

sometimes rose and approached th a t o f tbs R, but eoagulase 
production lagged behind. tRmmcver older cultures o f S 
variants shoved a ris e  in  ooagulase content, the broth bad 
becMss granular and R variants could be found <m p la tin g .

a ts h ilitv  o f «MPiaaats

R variants produced S variants and vice versa, the 

ra te  o f eonverslOQ d iffe rin g  from s tra k i to  a tra ia . I t  mm 
alsays found tta t a fte r one or more p la te—b r o th —plate 

cycles, colonies o f the opposite type appeared cm ths p la te . 
With d iffw a n t s tra in s , the nurihesr at such oolomiw ranged 
Ctobl 1 - 8  per p la te  to  about 80# o f tta  colonies preoraft* . 

On tta  «hMs, there seemed to  bo a greater tmaOrnsaj fo r 9 
to  be formed from R varismta tean tta  reverse. Xn ttaec 
s tra in s (C, « and R) ths tendmcey svmmed to be in  tee 

opposite «direction, and sanoth colonies picked in to  hrteh
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Kelatlon o f ooagulase produetion  to  dry c a ll «eight in

S tra in  V*

T e rla a t te s te d Ccagtüaæ t i t r a *
Z*y « s lg b t o f 

b a c te ria  
(gn* per 100 d i. )

Ueugb 3,000 0.0807

Smeotb 64 0.0582

R a tio  B ou^tS aso tb 12511 1.34*1

*  T ta fig u re #  la  t ta  ta b le  re fe r  to  4S -taur.caX ture# 

0 W«a la  40 ml# «o lxa»s, e tth  a la rg e  aurfsoe area*

*  T ta t lto e  o f eeagulaae «aa a a o e rta io M  aa dcseribsd 

la  t ta  s e c tio n  on " ta te r la la  and a»ttada*« T ta  

fig u re s  a re  t ta  re e lp ra o a la  o f t ta  b lg ta s t c u ltu re  

d ilu tio n  to  a ta#  eoagulase c e t iv ll^  under t ta  con

d it io n  d cs ta lb sd .
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often shoved grsnuler grovth and gave high yie lds o f 
eoagulase. Flates spread from sueh broths revealed ths 
presense o f R colonies.

Cbspgss in  eeagulaae grodaetlon v lth ln  stratos

As already aentlonsd; s tra ins kept in  tee laboratory 
over a mnber o f years often shoved soddMi ebanges la  

eoagulase production. Sxpcriasnts shoved tha t a t ths peak 
o f eoagulase production stra ins yielded a high proportion 
o f R fa s t-c lo ttin g  variants and few or none durilng ths 
phase teen eoagulase production vas a t Ite  losest levM . 
Observations w ith  s tra in  S illu s tra te  th is  po in t. An 
agar slope made from a ty p ic a lly  granular broth cu lture  vas 

shovn by p la tin g  to  contain aa in ly ron# i varian ts. Sub
cultures made a fee days la te r s t i l l  gave granular gpovth 
in  broth and a high y ie ld  o f eoagulase. Tvo months la te r, 
stecultures from the amm slope gave smooth colonies (m 
plates and uniform tu A id lty  in  broth M th  l it t le  eoagulase 

produetion. The same Change from R to  S happteod also M th  
freeze-dried eultures o f s tra in  5. Fourteen days a fte r 
drying stecultnres gave rough eoloaiee, granular grovth in  
broth and a high y ie ld  o f eoagulase ; but three mcmths la te r 
subcultures gave smooth colonies, uniform tu rb id ity  In  broth 

and poae production o f eoagulase. The itm ta b ility  o f these 
p a rticu la r freeze-dried ealtures m y have been ûa» to  im

perfect drying. For some stra ins vhich bed considetmbly
v :  "
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d#o lin#d  in  oongd n — pyW untion i t  wmm poamS3H» to mtmtom 

th is  9rop *rtg r j  Im t o n ly  # fte *  M paated pim tim g* fPom n id  

t r o t t  o u ltu re s  w on ## nb ln  to  io n io to  R f« a t* « lo ttla g  

oolooioQ  lOaiMtx on atdw ultuve gavo hig)& y io M s  o f eoeguinee.

To atssi wp, h ig b  y io M o  o f eoogniooo «ovo olo#y# «oaaeintoâ 

« ith  ton pposœusn o f R fo s t-n io ttln g  o o fio n t#  onâ In *  yltHàm 

of coogoiaso « Itb  tb e ir  obooneo.

SB6S=SœSe6
f h i I x n ta b ii lt j o f tb o  m rio n t»  ataw ngly oqggw tnd 

tb o t th o  o ta v tln g  m to r lo l A id  n o t o o n a ls t o f o aizt«flPO o f 

« txo ino» b u t in  oedor to  ebook tb la  p o in t the w riA o ts  o f 

th ro e  a tn tls o  mre evtmlttaA fo r  p im ge-typ lng. . ‘n »  x ^ - 

euüts (fo b io  é, p.ŸO) e e n ftm  ttae v ie #  tb n t, fo r  e # ^  o f tho  

e tro in s  tra te d , the s to r tin g  n o k e rlo l Indeed eœ oistod  o f 

o n ly  o s in g le  s tra in *

g re a e rra tio n  o f v a ria n ts

Despite the  In s ta b llitg r  o f the v a ria n ts  I t  warn poaslb lo

to  maintain them by d a lly  p la tin g  on blood or hoatod-tlood
agar from  eolonlas ahoslag the oharaeterlstle  m arph^ngy*

Thus over « pe riod  o f fo u r months # s  R fa s t« o lo ttia g  v a ria n t

o f s tra in  5 mas kept through loo sulMulturea and tiia  3 slom-
e lo ttin g  va rian t through @0* I t  is  impartant th a t aubcultursa
should be made from plates not more than 2A hour* «Ad beaswe*

as a lready m entioned, a fte r  t^ ie  tim e tho  oo loo les tend to ' lo ss  
th e ir  o h a ra s te ris tle  appearanoe* A lso  on p la tin g  from  o ld  B 
solOQies aa Inereased p ro p o rtle n  o f S s d o n ie s  mas obta irm d.
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A . o r m t h  « r

iB ta w d m tid ii

%b# fS m t to  gp## e to iA y leeooe l Sa *  #S«#m

medium o f kaem» eom poeltim  warn amde tqr Rmgihe# (1993) la  

tiae m ure# o f m SnmeebSgstSaa Sate th e  ebernSetary o f 

b e e te s la l metehoHem. m found ts a t an amid hydpolyeete 

o f oeeeSa mould n o t e ig g m t th e  geomth o f 3teph> olhue b u t 

Shot the  a d d itio n  o f 0*01^ o f meat osSamet game beevy 

grem th i th e  meat ojcteeet alone bed to  bo a t a ooneontrm tim  

o f mere tb m  0 .1 ^  to  g ive  o ^o iva lK a t gromtb* An ooatoao* 

p p e o ip ita to d  eoneeotvat* c f  She gxeotb fo m m  mao e ffe e tiv *  

a t a ooaeentzetioa o f one p a rt la  80 «m illion  p a rte  o f 

oeoela bÿdroSyamte* I t  mao found to  be beat o to b le  la  

n e u tra l o r a llg b tly  a c id  e o lE tio n o  and moo d la lye a b lo * 

augbeo mo# unable to  Id m n tiiy  tb le  fa o ^ s r beyond m y la g  thm t 

it#  bobaviour plaoed i t  In  the cOaoo o f tiaem ieal oonpoundo 

knoon o o U o o tiv e ly  me "V itam iae

K m i# t (1935)« ue log *  b m a l medium o f aeid<<bydraiiBod 

g e la tin  sAao tmyptopbaa» S^yroeSne, eya tlae  and gluooao, 

found th a t a geoatb fb o tm #  ObSob bo obta ined from  yoomt 

p repara tlono  (m arm ite ), maa re q u ire d  by

An evmm memro pooer fu l  ooneenteeto ttem  Busbeo*a propnemtJon 

meo ob ta ined  by ae lven t onteeotlom  o f meomdto, p ro a ip ita tlo »  

o f Im p u rttle e  and veomma d lo tiU a tio a  o f the  a o tiv e  m a te ria l.
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Testa shaeed th a t A l#  *etepbgrloooeeu# fse to p * enabled meet 

e tre ln e  o f p e tb o lo g le e l o r ig in  (vhetber eweum mr a lba» ) to  

fffom in  the beeel medium b a t th a t eeprophytle  etoptayleeoeei 

re q u ire d  la  a d d itio n  some e th e r n u tr ie n t fa e to r*  The 

genera l p ro p e rtie s  o f Xblgdit*# and Baghes's p repara tlm ie  

agreed fa ir ly  « a ll,  «b leb  Se n o t earjm flelng einoe i t  Is  

lik e ly  th a t they mere bo th  Impure jupeparatione ot th e  same 

g rea th  fa e tw r.

A ftop ther step tomards the p rodaetlon  o f a medium o f 

fcnoen ehsa lea l eoapoe itian  «as made by FU des, R iehardson, 

th ig ^ t & OladstcHie (1956). Mmy Obtained aemoble g raeth  

in  a medium e o o ta ln io g  on ly smlno ee lde , g lueose, s a lto  and 

"sApbyleeoeeus fa e to r" . The medlmm used m s a s lig h tly  

a lte re d  ve rs ion  o f mas sh leh  bad bema foumd to  #u% iort the 

g roe th  o f C l. sporofsenes (F ild e s  & R iebardeon, 1 ^ 5 } and no 

doA U ed  s ttm w t see smde to  fin d  ou t «bleb amine aeid# 

sere e s s e n tia l. Anaerchis gpoetb re q u ire d  the a d d itio n  o£ 

pgrrtnrie a e id , the  premmme o f em^xm dlaadde and an 

a d d itio n a l eoaponent exA aoted frm # yeast A le h  they c a lle d  

*Fmatoir H I " .  When F a o A r I I I  «as Anmd to  be u re e il 

(R iebardeon, 1956) o n ly  the  so -o a lle d  "stepbyloeooeus 

fa e to r*  rm m lned to  be id a a tif ie d  fo r  the  g rosth  requlrem ant# 

o f Sbapb. eurem# to  be knoan.

This la s t s te p  in  d e v is in g  a msdinm e w ta in in g  o n ly  

knoma ehsm ieal coa^ounds «as made by K night (19BM%). Bb
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Investigated the "stapbyleeooctt* facto r* o f zaaralto using 
tvo madia, an amino-aold madlum and aold-bydrolysed g e la tin . 
From tbs high vaewm d is tilla te  o f marmite (Knight, 1995) 
a ebloreplatlnate «as Isolated | th is  bad gremth-proamtlng 
properties in  ge la tin  bat not In  the smloo-aeld medlma.
Thus "stapbyloeoeoua fa cto r* appeared to eoasist o f a t least
t«o fra c tio n s , one o f ahloh «as, already presm t In  g e la tin\
hydrolysate. Cbsmleal emsadnati<Ma o f the active p rincip le  
saggssted the presence o f eyelle nitrogma eoaaoaoûa (e .g ., 
pyrid ine derivatives ) . For th is  reasw , mad atnee other 
micro-wganlsms bad been shonx to  need Aese aidxetaiwes,

Knight decided to try  the e ffe c t o f adding eoaynase and 

vitam in (aneurin). Coaymase and n ico tln ie  aeid and 
amide, ahloh are pw aib le degradation products o f coaymase, 
«are indeed found to  be aotive in  the basal ge la tin  medium 
but not in  the amino-acid medium The seemed fa c to r, re 
quired la  the amino-aeld medium only, «as subsequently 
foumd to  W id e n tica l id A  or replaceable by aneurin. Koser, 
F lnfcle, Dorfman & Scunders (1998) la te r oonflramd the need 
o f ataoh. aureus fo r the t«o vitam ins aneurin and nicotinam ide.

Knight (1997b) also determined the amounts o f nico
tin ic  acid and aneurin needed fo r f u ll gromth o f Staph, 
aureus and tlw  degree o f s p e c ific ity  o f aneurin. Bs found 
tha t A s too component* o f the ansurin molecule, the p y ri
midine and the thlasole residues, could be u tilis e d  A
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place o f the complete molecule «ten added together but only 

«ten the sp a tia l conflgaratlone «ere exactly as A  aneurA* 
A s u rA  Its e lf «1th one substltawxt group AekAg «as Aund 
to  he inactive , A le h  illu s tra te s  the highly spec i f  A  mxture 
o f the growth requirements of  Staph, aureta» à. s im ila r 
high Agree o f sp e e ifie ity  «as fo w l fo r n ic o tin ic  acid o r 
nicotinamide by S ^gbt & MeIl«aA (1958). ThA «as A te r 
ecnfixmad by Zancly (1938a, 1938b) who foumd tha t derivatives 

mad even Aomers o f n ie o tin A  acA «ere, w ith few except A ns, 
A se tive  as growth factors fo r Steidx. aureus.

The vitam A reqoirenm its o f Staph, aureus have been 
investigated by other «orkers and i t  now seems th a t the 
matter A  not ao sisgAe as a t f ir s t  appeared. Kogl & 
Kagtendcnk (1W 8), fo r instance, were shle A  < *A A  an A - 

crease in  growth o f ovwr 800^ A  a alaple g sA tA  bydrelyssA 

medium by the addition o f the methyl ester o f b io tA , and 
Bw ter & fcA sa r (1941) found th a t 8 o f 17 stra ins <a Staoh. 

aureus vhleh fa llA  to  grow on cent Aued subculture A  a 
s la g ^  medium containing aneurA and nleotlnsaide gevm w e ll 
A  the same mediun a fte r b io tA  had been added. The 
A tto r  authors also found tha t w lA  sons straA s gpowth A  

the basal medium was stlm uAted by the add ltA n o f b io tA , 

but tha t a nisdter o f o tte r b a c tc rA l vitam ins ted no e ffe c t 
on any o f the stra ins tested. On the basA o f these 

finding# Porter & PeAsar suggested tha t Staoh. aureus
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«

•m id  b# d iv id a d  iodo  thVM  groups A  m sp#s t # f v its r ttn  

gequSrsm nts t (1 ) • ts s ln s  vA leh «aa gsaa on aanttnuad aWb- 

auUtttro A  «to gsassneo o f n ie o tA a a A e  and aaastrA  and asa
t

o a t A fltam oad  by b A tA ,  (8 ) a tm A a  vtoah aan groa A  bba 

jaaaaiaBB a t o A o tA o n ld #  and anausA  and asa ab iao la tad  by 

b A tA ,  and (5> ataroAa s b A h  A l l  n o t gsoa A tbovxt b A b A #

K ligA r» (braaaoAoa & Basgpar (1M 5) found ttaft A  a 

aartto of atsaAa aaaadnad a l l  naadad oA oAnA cold fa r  

fisoatb and naat noadod oBoarA, but a fba oesa able to (jam  

Atbout m ausA.
Tbna n o t o n ly  an# tto a a  a tsa A a  A b b  nosa ooaplaz vS ta- 

A n  saqpitfaaanta tto n  tto  work a t A lg b t (IflB Ta, 19B7b) A ) l -  

a a tA , b A  tbn ro  asa aom  m lA  aAplm p soquA am nta.
/ f

laaAta ttoaa quBllflaatlooe, tto  aadloa davAad by 
FHQaa f t  (1 8 8 6 )  and a a o ifiA  by PUdaa &  Blatocdacn 
(1857) mad awatona (1837) aatlafA a tto  gsaatb saqAso- 
mots of tto  flaJOBlty at atsaAa md baa boon a tool a t 
prim  ApoAwnee A  tto  AaaatlgoAcn of tto  natabolAm o f 
atapto aqroaa.. A  aons A te r «ark aaaaA tydsolyaata 
aqpplmantad by Atanbm «as saad as a natter a t oomantonoe 
sattor tban tto  nora aonsAx wdno-acid modi ism# but oana ao 
I t  ana baaad on Aa nutrlA am l reqApaaonfce A  ataab» aarous 

aoskA out on tto  aAne aoA aadA* HadA a t fcaaan abpedaal 
toopoaltlim tosa bean «rod fo r a varA ty a t pmyaaea aom 
ot AAfaasa outlAod A  tto  folio#Ag paaaa.

* ,
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These included ( I)  tto  function of eneurln and nAotlnaaide 
A  tto  metabolism of Staph, aureus. (8) tto  amino-acA re - 
quAeiv^ts o f Staph, aureus. (3) tto  assim ilâ t A n o f amino 
acids and p e n A lllA  resA taoce, and {4} tto  influence o f 
nutrA nta on tto  form ation o f bacte ria l products such as 
toxins and eoagulase*

Tto function o f aneurA and nicotinamide
H ills  (1938) Studied tto  o f A c t o f ansurA on tto  

metabolism o f la c tic  sad pyrumA acids by Steph* aureus»

He found that aneurA cas active a t such a lee eoneentraticm 
tha t its  e ffe c t could be observed only using orgsnAms 

grown on ayn tto tie  osdA d c flcA n t A  «aeurA. With suoh 
organisms to  found that aneurA was necessary ta r A c d ls - 

mutatlon o f pyruvA acid A to  A o tie  a t A , aeetA aeid and 
carbtKi dioxide (see below) and A a t A  tto  absmaoe o f 
aneurA pyruvic aoA aecusuAted and A h ib lte d  tto  oxidaticm 
o f Is e tA  acid .

2 C%CO COOH *  %0 •  CÎ CHDH COOH 4- CI%COOH * CO. 
pyruvA acA A c t A  acA aeetA acA

Sayth (1940) using mabed ee lA  grown A  an saeurA-
def A A n t medium foinad tha t osaloacetA aoA or fuoarA
acid could repAce aneurA A  Ae disautatAn o f pyruvA
acA and suggestA tha t aneurA acted by catalysing tto
fw a a tim i o f oxaloacetic aoA which acted as a hydrogen

c a rrie r A  tto  pyruvA acA dA m ita tim i.
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Bwm wlta (1945) olAlamd # atsture o f Mpaz&gA 
•ad glataalo «eld heated a t K xA :. fa r aevaral day# m ulft 
replace nleatinaml da as a groath fa s te r fa r 3#% *. aarsm , 
but d id  oat use th is  fin d in g  ta  thra# lig h t oa tbs fuoatiaa 
o f nAotiaaaida* Tbs moat deta iled study o f tbs r@#s a t 
both aneurin and aleettnaalde use th a t sa rrisd  out ty  
K lig le r a& (1945). Thsy fauod tha t the rd la  o f nlao» 
tSnealde «as to  grodue# a p rissry  g lyco lysis A  sbioh the 
eoddatim  o f the p yn irA  aeid sea oatalyead by aamoda. 
S tra iiw  oapabA o f gposing oî MKit aneurA used only about 
40# o f the gluoose u tllA e d  A  tbs p resaaee o f boA snourA 
end nieetiasadde# o itbout aneurA pyruvA sod A o tA  A id s  
aoounxAtad. both vitam A# pressât tbs and prwhwt
oA sA tad , sa A ly , o f seotA  and la o tA  A ids id tb  only 
s a a ll saaumts o f pyruvA A id .

Sovag ft d o a rt (1947) A d  Savag, Sbslbum s ft A dd  

(1951) asdo the  au rious A m ding th a t eOUs sh A b  bad bO A 

g roA  A  A s  preaaoA at gLvoaaa wra im abA  to  A ta b a lia a  

pyruvate* s o ils  A iA  had boA  g ro A  A  a  g lu o o A -fra a  

s a d iA  e o ttld  A tA e liA  pyruvate oosgdaA ly A  8 -  8 hours. 

T b A  o f fA t  ass n o t a o d ifA d  by tb s  pres qu a  at a  la rg o  

sxA ss  Of aoxspA . Tbs A A a n ia a  o f tb s  breakdoA  o f 

p y ru A te  A  tb a ra fo rs  nxre ooagiAx tb A  « a  sugg A tad by 

K lig le r  (1945).



m .

The —Ino-acld p»Qulr#Ants of Staph* aureu»
The aaino M lâ requiream ta of 86 etnxAs of a tA h - 

aureue Mre vary thwou^aly Invaetlgated hy Gladetone 
(1957) to ins a modified form of tea medium of Fildes & 
R iehm rdsœ t (1937). Ha found that 85 of 86 stra in s gram 
A l l  A  th is le-aaino-acld a s d i t a i ,  but t h a t  s i t h d r a A l  of 
each A id  A  tum  Avoalsd widely d iffsrA g growth
requAements; thus fo r one s tra A  phenyl alaaA e «as 
A s e n t A3» fo r another s t r a i n  A ueA e , for another w lA e  and 
so on. SAh differA O A  disappeared teen stra ins a a  
trained to grow A  def A A nt Ad A . then a I A  a a  le f t
A  a  def A lA t medium growth eventually Acurred; trsoefw s 
A  s u c h  medA ultim ately resulted A  good early growth*
By s A C A S lv e  «ithO rsA ls dAdatwxa «as abA t o  tra A  hA 
s t a r e iA  t o  grow A  a medium fro m  which a l l  a A o A i d s  had 
b e e n  e x c lu d e d  and A  whAh t h e  a A  s o u rc e  of nitrogA  was 
sm taoaA - The ease of w lthdrsA l o f  AdivA ual am ino aclA  
A T l e d ,  ho w ev er, with t h e  eompAxity of th e  A d iu m . Thus 
AueAe could be w l th d r s A  from  a A u p A x  medium (A  am ino 

A i d s )  b u t  a s  amAe aclA  a a  p r o ^ e s s i A l y  m a t t e d  a 
stage AS r e a c h e d  whew ao more «ithdrsA A  c o u ld  be A d s  

unless AucAe was r e s t o r e d .  StaphyAeocci c o u ld  be 
t r a i n e d  to grow w ith o u t  A ucA e, h o w ev e r, but during tra in 
in g  A Q u ire d  t t o  p re a e n o e  of o t h e r  amino Mids whAh A  a 
etrapAx medium dA n o t  iqxpear to  be e s s e n t  A l.  Both
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leuclno and these amino acida could be eithdvawi once tra A - 
ing had occurred. CystAo «as the most d lffA u lt amino 
acid to  dispense v ita , p a rtly  because i t  was tee only 
orgsnA form of sulphur present end p a rtly  because i t  mas 
the A s t source o f amino nitrogen A  the medium. IWhsn 
fin a lly  the s tra A  bad been tra ined to oApanse w ith amino 
nitrogen i t  was found possible to  replace cystine w ith  
th A g lyco lA te  ami thus gyom Staph, aureus A  a lasdim  eon- 

ta A A g  no aoAo acids.
Ho permsnttit a lte ra tio n  A  the morphological, c u ltu ra l 

and biochemical characterA tios resulted from adaptatif** to  

gpocth in  simpA medA and «hen the o traA s were transfmrred 
to  the usual Aboratery medA such propertAs as g sA tA  
liq u e fa o tA n , fwagulaee ĵ noduetAn and haanolysA preductAn 

«ere unApairod. Very U ttA  baemolysA and no coagilase 
were prodtKsed A  any o f the amino acid medA.

OAdstons** resu lts  suggest th a t differences in  the 

n u tritio n a l requireasnts o f stra ins o f SAoh. aureus are 
la rge ly  dopenAnt on tesA  previous n u tritA n a l h isto ry and 
th a t the app lication o f the term " AdApensable nw li» acAs* 

A  a ro A tiv e  term as fa r ao groeth A  concerned. ThA 
&MS not apply, bovever, to  the amino acid requlremsnA fo r 

coaguAse and haemolysA produetifm* The fa s t tha t hasao- 

A *A  production «as s lig h t and txoeguAm «as net produAd 
A  the ehemicaliy defined medA soggesA th a t although a ll



aatno aeids w# dicpe%m#A ta t growth m m  any be in d ie - 
ObiM ta t ecegiAee end bnenelysA production. I t  wee on 
the bccA at te ic  ceciaeptica, ia  fa c t, tha t the mark te  be 
described A  *  A te r e*etion «ce eewied out (eee p«88).

kn investiestio a  o f the sulphur requirsaente o f 
8tech. etawras eee uaderWeen by F ildes ft Hieherdeoa (1907). 

They took greet eere to  enaurs th a t no m lphur eee present 
as ix p u ritie s  A  Ae ecnetitusnte o f th sA  aediue, ueAg 
ee fa r as possible syntbstA  amino aoiJe sod reducing to  
the leaest pessAte A v a l soy natura l aoAo acids peeeeat .  

TheA resu lts  eboeed th a t cyetAe eee the meet a ffe c t ire  
source o f sulphur bat th a t i t  oculd be replaced, thcugt leea 
e ffe c tiv e ly . by methionine, any asrcapto (-8H) ecapcMd, 
d ith A  (-8 -3 -) ecapouode or fla a lly  any oompecnd such as a 
th iw aic acid (HC30H) a r amide (RG&K%) confeaAiug a po tea tA l 
oMoapto group* The outetanSlog effOettrenese o f cyetAe 
ae a eeuree o f sulphur ( 8 a 10 a .) A  ecsgwrieen e ith

■sthim A e (A *^ s .) cad various other mereapto coapoM de 
led the authMPs to  sxgcgest t in t  the ^ fe c t on groeth o f a 
mereapto eompeuod A  not emarted by v irtu e  o f its  eulphur 
content but by the ease w ith  ehleh i t  can be used A  the 
SyiAheeA o f cyetA e. apart from its  A A A s A  in te ree t A  
regard to  the astaboliam o f 8Mph. aureus ttoA paper centaine 
an cmeellMtt OAcueeloa o f A * c r ito rA  o f p u rity  to  be 
e a tie fie d  A  w der to  obteA  e a lA  résu lté  A  the atodp a t 
b M te rA l m ti^ tio a .
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f to  m Uw-m cW  m te b o lA #  o f StMgw m o w *, andjM % A

ssskâmm
âa Is tc M S tla g  a p p liisa tla n  o f A #  cya tto tA o  asdioB 

o f üindB teo* (1937} «M  tto  deaooe tra tloa  t>y 0*1# ft*B aâtoH  

(1948) t t o t  •ta to lne  e f S touh. m aca# te te h  had been taa laoâ 

to  gtom tn aoty M gh eanee tttm tlon * o f p a o A lllln  baft beosaa 

a l'ü M t non -e w e ttn g  Sa VtmtP maâno aatd  reqa irseao ta  and 

worm -a van abSa to  d lM ene* # lth  n tootixiaatA a* B o t, aa aaa 

f i n i t  aetoo by JMXkBof & K lin a k  (1948), mat o n ly  aoro tto a a  

h ig ü y  v a s ts ta o t orgetiîaae Onrô oagetlva» b u t tto y  oera 

b a a llA iy  A  abaiP* % ay boar ao U t tA  raaedsAaee A  

S tA b * «laraoa A  btoobw w A al, o w g h o A g A a l and a ta lo A #  

otorootan» th a t i t  A  â lf f A o lt  to  ba aora tb a t tto  p u a n t 

aaO t to  se a A 'to a t s tm ia a  baloog to  tto  mm b m a to rA l 

apaeiaa.

T bA  aorb a f 8 a A  & i to toa l l  fbw w d p a rt o f a vaey 

aocta iis iw  in ro a tig a tto *  by Bala and b A  assooA tos o f  t to  

« a a ia lla tlo o  a f aaA o aoida by Cbaa-paeitiaB b a o te rA  (G ala, 

1 9 4 A , b ft a * OaA ft S a y A r, 1940. 1947* fa y le r , 1947|

OaJa ft  m to to U , 1947). ft axtoaaay o f t to A  m A  caendaalasa 

A  g lvaa  ba le# .

S tapb. aoxaua aaa lw notaa  oad aam aailfttaa a a rta A  amAo 

aaA # a itb A  t to  c a ll#  Same anrtno a o ito , p a r tA o la r ly  

ly a A o . paaa A to  t to  a e ll by d ififu a A a i a tto ra , p o r tA ila r ly
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glutamic aoA , by an active proceee. A  e ith e r ease an 

e q u ilib riu a  ia reached a lth  the concentration inside the 
ce ll* markedly higher than In the external environoteat.
With f^utaaic acid (the amino acid mainly stadied) tb ia  

accuaulatlca v ith in  the c a ll acta as a metabolic pool fo r 
a d ire c t condeosatlcn tc  pro toA  and fo r another metabolA 
proeesa in h ib ite d  Iqr the tripbenylmethan* dyes. Accerding 
to  Gals, p o o is illA  prevents tee assim ila tion o f glutamic 
acid by Staph, aureus so tha t the glutam ic-acid o<Kitent o f 
the gromteg c e ll la  ra j^d ly  exhausted and ^ s is  foHoms.
The a cq u is iti» * o f p e n ic illin  resAtanee seen» to  depend 
on the a b ility  o f staphylococci to  change from an assim ila

tiv e  to a synthetic type o f metaboliam. Thme stra ins 
ahleh have acquired a high penA iU A  resAtanee are also 
non-exacting and, convencly, s traA s adapted to  s A gA  

n u tritio n a l requiremmits show increased resAtanee to 

p e n A illin .
The above suasmry gives same indA ation  o f the mide 

f  A id  covered by Gale axui hA colleagues and o f the cxrigia- 
a lity  o f th e ir ajpprosch to the study o f the nitrogen 
w teholAm  of Staoh. aureus. Owing to  the lisd ta tio n s  o f 
the a n a ly tica l methods used, tiie ir  woxk has bees* mainly ra - 

s trA te d  to  glutam ic acid . I t  A  possible, however, tha t 

an extent ion of Gale’ s methods w ill eventually throw llg jx t 
on the part p liyed by d iffe rm it amino acids la  specif A
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aspects ot tbs w tabo llsa  o f Stsph. siapstia . such as tbs 

syntbssA a f eoagoAs**

The Influsnsa o f gg trlsn ts  cp tbs fcmmt An o f b aa tsrA l
EgjggaeM

Tbs f  A s t a ttesg t to  study tbs Aflumass e f A d iv id u s l 
amAo aoids on tbs form ation o f b a s te rA l proôuste b f Staob. 
aureus appears to  have been oarrA d out by Qengou (1965).
HA A vostigstA n  eto prompted by tbs obswnratltm that son* 

o f hA  stra ins did not produce c^-baenolysA «ben grssa A  
nsat-extrsct broth . 3» stud Ad tbs e ffe c t o f addAg A d i- 
▼itiuai amino acAs to  aoat-oxtract broth and found te st 

some stim ulated tbs pewlustlon o f C(-hasmolysA sb lA  stbsrs 
bad no e ffe c t. The aOùStlaa o f a rg A lta  to  tbs nsdtm  gsvs 
a much qoltesr and greater isfsdustlon o f o(-basmolysA team 
ary o f the other soAo acids w ith  tho oxooption o f om ith in s , 
Shiob gave alaost as marked a respotoo. irg A A s , w m itbAs 

and c ltru llin o  have part o f tbs aoAetiA  A  common, baft un
fo rtuna te ly Gmgott was uaahA to obtain any e itru llA s  mhieb 
A  evoa more close ly rsA ted  to arginine tban o rn ith ine .

The next attempt mas mads by GAAtw is (1908) A  a 

very extensive A vastIgation o f factors A fluencA g (\-hmsmo- 
ly s A  produstion. B» used a ehsmAally dsf Asd madima 

(dAdstcns, 1957) oodAied «* the basA o f tbs smAo-scA 
analysA o f hydrolAcd sdestA  sbioh vac fw od to  give good
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o<w*toaai>3yaA prcdustAn. HA Staph, aure *a was adapted to  

grow on an aaSno-aeld-fvoo madlum but produoad c<»hoeaely* to 
only whoa transforrod to  a rA h s r medium. lueh adjmtmaat 
o f the proportlone o f tho yarloxB amino aolda was nesAd 
fo r good jialdm  o f 0(-haemolyaA heoaus* some amino midm 
wore stim ulatory to  haeaolyeln produstion a t «no eoncentso- 
tio n  and In h ib ito ry  a t a h igm r eoneontratioQ. GAdatono 
oonfirwod. Gamgou’a fin d in g  that arginine was o f primary 
importanae A  cK-haonelysA produet An mod iwa xxglaooabA 
by em ith ine* hA  order <a Aportanoe o f the other amAo 
solda was roughly in  agreement wAh Owagou’s f  AdAgs*

I t  was not tadsil twelve yeare A te r tha t the f« m - 
tic »  o f ooaguAso A  a oA m lta lly  defined medium was re
ported (LomAa k l, 0 *!lm , OeudA & fw te r, 1950). Ttae A  
modium eonsAted o f 17 amAo a s lA , 4 vitamine and inorganA 
•a lts  and gave ooagulaeo a fte r 5 - 5  days’ Aeubati<m o f tto  
eulturos but only A  low yA ld a . ThA medium provided the 
•ta rtA g  poA t fo r the ojqroriaents now to  be A seribed.
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B PgQ-iuBtion of coaguAse In  a chqa tta lly  def Aed media* 

A tjroduotlon
I t  was thought tha t i t  s igh t he possihA , by varying 

the oosponœita o f a mediun and observAg tee e ffe c t on 
coaguAse prodiA tioa, to  gather inform ât A n about tbs syn- 
thee A  o f coagulase. The fA s t need was fo r a eheaioaUy 
A f Aed medium which would give yA lds comparable to thoso 
given by the usual Aboratory media such as msat-extract 
b ro th . The wndium Ascribed by Lcm itaki e t (1050) 
gave such small amoosts o f eoaguAse tha t i t  was not suitabA  

fo r th is  ^pe  study. Further unpublAhed awk bp 
Lominski, O’ Hea, Morrison & P orter, however, led to the do- 
v isA g  o f a medium in  which a su itabA  stoaA  o f StaiA*. 
aursA produced ooagiAae o f a t it r e ’  ̂ o f 8000. I t  contained 
a highew concentration o f most of tA  amino acida than the 
e a rlie r medium (w ith  some omlsslims end some additAna ) and 

oaa arrived a t by observing tea o ff A t o f withdrawal o f each 
oM stituen t in  tu rn . The e xp o s itio n  o f tto  mediim A  
shown on p. 94 (Méditai I ) .

This mediiai gave high y io lA  o f coagulase on MoaeAn, 
but a t other times under apparently iden tica l o ond itioA , 
and w ith  tee sane s tra in  o f organism give poor y ie lA . I t  
was a t te A  poA t tha t the experiments now to A  Ascribed

"  See d s f in i t ix  on p. 92.
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were Agun w ith  tto  aim of f  ixtding out the eause o f the 
e rra tA  reeulta obtained w ith Medium I .  The work eaw- 

prlsod a study o f the e ffe c t o f varying the cone entratlon 
o f amino aoids and vitam ins. A sect An is  A  voted to  the 
parts played bf a rg in ine , orn ith ine and e itro H in e  on 
coagulase product A n . A  tho oourse o f teds woA: the
■m

fim lin g  was maA that e itru llio e  A  formed from ergA los 
ataph. aureus and an account o f th A  A  also given.

F in a lly  an account is  given o f the e ffe c t o f bacte ria l 
va rA tio n  on coagulase production.

Mater A A  aai Methods

Glassware. .■ A ll glassware used A  these esqperiments was 

oAsned A  efaromA acA  or sodium Iqrpochlorite cleaning 

m ixture, th o rou# ly  washed in  tap water, washed In  d A tiU e d  
water, steeped in  d A tille d  water and fin a lly  rAsed A  

d is tille d  ea te r.
F rcteration o f medA. The medA vers prepared by one o f the 
fo llow ing  methods s-

Heteed A
Stock a o lu tix a  o f each astino acA  A  3dransen*8 

bu ffe r (EgHPO, 0.8 Hj c itrA  aoA 0.1 M.) o f pH 7.3 were 
s te rilA e d  by autocAvAg, except fo r tryptophan wbAh was 

filte re d  through a S alts pad to  avoid heat destruetAn.
The inorganic aa lta  and vitam ins were dissolved A  3bren-



sa.

•«&*• bu ffe r sad sterlH eed by B elts filtre tto a *  With 
s te rile  preesottaos tbroagheat. SMpreprAte emeuote at the 

d iffw m t ewitee eelds were added te  tee v ita a ii^ s e lts  
solotiiaa sod the oSxture diepmsed A  10 m l. Is te  In te  
universal eontalner*.

«eteod B
Tbs smlno molds and sa lts  were dissolved A  Sdswn- 

sen’s bu ffe r sod s te rilis e d  by S alts filtra tic m . Stote 
solutions o f tee Adivldum l vitam ins were mede A  d A tille d  

meter and s te rilis e d  by B elts f i lt r a  t lx .  10 m l. lo ts  o f 
medA A  taalversal a x A A e rs  were mede tqr the additioa o f 
the ealno aeid base x d  tbs in d lvA u s l vitam A so lu ticas, 
w ith  aH  preosutions to  oaA ta in  s te r ility .

Cultures. The inoculs were obtained by e x trifu g A g  
at-bour m eat-estraat breth e u ltu rx  o f S tate, aureus. 
washing tee s e lls  teree tios# w ith  pbysioAgioal saline 

and teeasferrlng a sw ell A o p fu l o f the washed te lA  A to
syothstA  ssdlura. a fte r three suooessive subcultures A

,

^ n th e tA  medium a t 12 -  84-hour A tervaA  the varAus ex
perimental medA were AoouAted w ith  a sm all leop fu l from 
the th ird  subeultur*. The d iffe rx t medA were Aeubated 
a t 37*C ^. sad samg^s withdMMm a t one or two day A te r

vaA and tested fo r coaguAse.
E s tia a tix  o f ooagalaM. B e rA l hote ling d ilu tio n s  o f the 
cultures were made A  0*85# m lA e  containing 0.1# m erthA l
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# f d tlv to d  MOtoop» MW mêùÊA 0 .9  «&. o f h u m  p ls m  

(d tto to *  X to  9 « ftto  0.99# M X to e ). « to  M P th to to to , 

I9WNB% to  #  BwwwHtim tlatt o f o .to >  ( i/T ) ,  «M  to m ft to  

g to v n t  hm otoetol gpsoto* T to  W to# mwo tooW totod «9 

97#9^C. fo r  94 tow w  and oxmmtoad fo r  too  g o ato a t  d iX o- 

tio n  to  g iro  # o la t. Frmqmattf *  oocrond reading raw mâm 

a fto r  too tftooo to d  toon lo f t  fo r  a n o tto r 94 toa ra  a t room 

to to w to to ro . tba amount at ooagmlaao p ro o x t to  a o o lto ra  

MW oagroaaod aa t to  t i t r a ,  vtaito was tto  rs o ip ro o a l o f too 

gr aa taa t d tto tS oa  o f t to  e o lto ro  to  g iro  a d o fia lt#  PZOMW 

o lo t .

T to  m ffa o t o f a lta rim e  tto  ewwoBdrotiooa f f  *««««

to  attam vtSag to  diaoowor why to d lu n  X a ton to  haw# 

gtoan o rra tia  rooaXts poaaiKto oaplaoatim w  war# oonaidtood. 

droaa a rro ra  to  w togdng aooaod to  ho ruXad mt by too to o t 

to o t in  a aosioa o f o a rw fu l ro p o titio a a  o rra tia  resttU w  Mwo 

afttXX o h to iood . X t was torn* tto n g jA  to o t tto s o  m i# t to  

to o  to  WMqr sm a ll w o rla tio n s  ia  to o  o o m p w sltix  o f t to  

m adia. % da to o u g tt was promytod by t to  fin d in g s  

aXsto tO BO (1943) th a t maaa smlno a o ito  wtolah s tia n la to d  

mtoowsaysto  p ro to o tix  a t «ms oaoom atoa tix  bssswa Is h th i*  

to ry  a t a h ttfw r aaneaotra tia n , and to o t in d iw id o a l aadao 

aolda to x lo  to  h a o tw ria l grow th o X g it la  oow M iw tlon shoo
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M id  M d» X lfM #  d tff» 1 0 IW  to  OOOgtlOM pPO dM tlM * ftdO

ffioood to ralo oat tbo poooUiiXitr tint the onotto *»- 

mAM oMoiaod vlth aodlM I (».9t) hed heeo doe te allÿtl
. ' if,;

MoSdtloDO Sa. the M ootn tM tlo n  o t  oolne meide. I f  oey om  

—ino M id  hed been gmeoent  a t a aooeantiatian on the hMdem- 

lin o  hetaaou ia h ih ittfln  and atlo M latio a  o f eeegtlaao poo» 

ia a t ton on* oeald have oapoat ad th a t I t *  oao a t a orasaotne» 

t ia a  flo e  tio ea  greatao than in  the co n tro l eeold have hed a  

eaatoad o f fo o t* tla o , i f  ooagalaao prodoetlon had dapandad
I

an Wee aoaat nevt re lia  lag  o f th# In h lM to ry  a ffe a t o f ana

aadna M id  ty  another, the %a#@e ohengaa in  the o A atio a

I foopootiM O o f the f t  an aoida in  th ia  oxparim ot ahoold

have haon aafloatod in  reo n lta  d lffoelm g front oaM  othM  hgr 
, ■

M M  then a a in flo  tab# o f the doahling d lln tia n  aorioa.
I

If fa a t  o f aaaartna the ooaeontgatioa o f marine and jaoXoM lM  

la  addi t i on to  the n ea tra lia in g  o f the taado ity # f  

ana amino acid  by anot hop i t  la  knoan th a t the toacieity o t  

lao -ieao in #  and aorioa fo r B . anthraoia can be ao n tra llM d  

ty  a a a a tlM tlo ri o f v a lin e  and leaaim e hot net tgr adthnp 

al one (caadotone , IflW )* I t  aae WeMght In te re a tia g  te  aae 

edeeWeer the M m  phanoMnop oeald be ahoan h i oaagolaea p re - 

dMW on aheeo i f  the aana e n trâ tiaoa o f aooh o f Wee# fe a r 

amino aoida aora o r it io a i, a a a ll w la tla n o  (atthSn a zp a ri- 

m ental o are r) in  the O M p aaitto i o f media m i#A  bave a nafhad
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msAJh.
aeeeto mad e— g i l —  pKtxioetloo « ith  «a» amine ae ld  a t ftiU L* 

atMmgkh and m a ln d e r a t e n a - flfth  n o rw l eeaaaatamtion

la ln a  a c id  a t 
f e l l  a teeagth

8-day eu l' iuaea 4-day e u ltu re a
C e ll eetm t 
par m l.
X lo «  ♦

CeagelaM
t% e *

C e ll e e w t I 
per W i. 1
X loS  ♦

Mana 9 .6 a U # i 8

a rg in in e 7 .0 8 11.4 8

<a.etamle M id 9 .5 16 11.4 16

Aa p a rt in  ae ld 9 .5 16 11.4 8

M athianine1 9 .5 8 11.4 8

jv a lin e 7 .6 a 11.4 4

jy tre e n in e 9.5 16 11.4 8

jxaaCleaBiae 9 .5 3 11.4 3

lly a in e 7 .6 8 11.4 a

A lan ine 7 .6 a 11.4 8

laa e in e 9 .5 8 11.4 16

fb a n y l a lan ine 5.7 10 n .4 8

fryp tephan 7 .6 3 1 1 4 8

a sa tld in e 9 5 3 11.4 8

ir e lin e 6 .7 8 11.4 8

S erine 9 .5 10 11.4 16

*Tha tltopafciaoa «ara read a fte r  48 taw* (84 heure ineabatiam  
a t 37#yC . f e llaaad hg M  beora a t ream te a y a ra tm )*
9ha t i t r e  Sa the  re a tira e a l e f the  h W ie a t d ile tia a  te  aaeaa 
W ket. manga a f d jla tte n a  1 In  8 , 4 , a , M , a te . 

o  O e il eeoata «era waaavrad  By e p a e ity  tube mattaada*
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e ffe c t en the y ie ld  o f eeegulaae.

Aoeerdiagly, media eere prepared in  ebleh a ll the 
— aoida «ere at tbo eoncm trationa shorn in  Mo Him I  
e ith  the exeeptim  of serine and iso-leuelne. Those two 
«ere redtieed sing ly end jo in tly  to  three-quarters o f th e ir 
nozm l le v e l. Cultures inoculated «1th a good coagrxLase- 
producing Stanh. aureus. s tra in  6, «ere tested a fte r t«o and 

fou r days’ inoubati<m.
The resu lts given in  Table C (p 98} shew that a lte ra - 

ti<m in  the concentrations of serine and iso-leucine fa r 
greater than oould be found betaeen d iffe re n t batc'ieB o f the 
same medium had l it t le  e ffe c t (*i eoagulaee pred iction.

The e ffect o f varying; the proportions o f arKiaioe and alanine
#00lp0ggtss*Mia#ammaiMMS#M#ÊW#Maa*smaaa#aMMaMa#MaMam#wwm#s##aa#wmaMN#Mww#MNssm#e;m#'^MMWs«#dwaea##Ma###t#swamaaaka#MsM#w«ass##a«Msaw«msaa kiawswawmgseaaeawme*#af.w»-• n' » 'w w  itamaaMsd#**^

Unpablisfaed «ark by Loaiasbi, Tsorrison, Q’ nea &

Porter Indicated that re la tive  and absolute ecncentzw- 
tions o f alanine end arginine affected coagulase oroduetion. 

An experisrnt «as therefore carried out in  Vbich a ll the 
amSno acids except arginine and alanine «ere a t tlio  concen- 
tra tico is shoim in  Medium I ;  arginine was varied beteeon 
”/20  and ^60  (0.37 » 0.38 ) and alanine beteeen 1^10 and

îyiOüO (O.WX -  0.0039. >}* S tra in 5 «as again used and the 
c ifltu rM  wars tested fo r ooagulaae a fte r fo u r, s ix  and e ight 

days. The resu lts are given in  Table 7 (p .99).
The highest t itr e  reached «sa lea in  eomparisoti « ith
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W» titr e #  #W #h W>S# oknifa gave la  m # t-# x tm # t tro th  

(3000 -  4000), h o t e lo e r d iffo rm e # #  «ea b# mob betoeoB Wm 

verlo M  ajqpMtMBfcnl  M d l# . ArglaSa» end eiealno both ho* 

amm In h lb lte ry  m# th e ir  coneaalopetioM M r#  reload eo tbo t 

e rg ln ln o  4  ^1 0 0 0  e lo n ln a  gpeo daloyad groW h end ^ 8 0  

e i^ n la a  4 4^100 e la n ln a  no y w o th  a t #11#

Thee th e  fS M  a ffa e t l#  «ppurant e lth  eM galoM  p ro - 

émrnttm m OHdateM  (1933) ao tlead  la  oam rd to  -h tm W y# -

In t  a rg la la e  e h lo h , w  le tM  aoperloM W  M oo, I#  o f geeSmarf M 

tM M hOMO fo r  eeegalM o p ro d n e tio a , hM M ee ia h tM to rg r ho 

g ro o th  obove m M M o s tre titm  o f 4^ao. A len ina doe# ao t 

###a#r te  hevo m oh tn fleoooa  an oooggOMO pro&aetlon #  1m  . 

M M o n tm tlM O  to t  1# iB hS bltw gr to  b o th  y rm kb  end eoegol* 

aM  peodaotlon e t th e  h tg tm t ooooontrehlea ta a ta d . 'v/;

fh t. in flt» n o a . _af...M aW n e , « m ^ # W ..M d ..M tr# lim ._ m

■y;

In  v ia #  o f Omgea'a fÊ edleg M e t e rg to ln e  g raoh ly in * ' ' 

floanead the  ppodootion o f -haano lye ln  (dangea, 1»@ ), 

end th a t i t  om  ra p lM M b la  tgr o rn itM n a , axpa rloM te  e lM g  

e la d le r Udm oore oevrlad  M t#  A a a rlM  o f M d le ooro 

prepesod In  M doh o rg tn ln a  OM repXeoad tgr e m lM la e  o r ''"Xj'' 

e iM a U la o  i  in  o o o tro la  th e  e sg ln la a  #m  repleoad tgr n o r- -  

la o e la a  o r s in g ly  aedttad# Wm v ite e te  oontant o f # a  ae ftie  

MO h ig h  end OM d lo M tm l tgr th e  ra a n ita  o f oa^MrSaïonfeo m

' A ‘i.x
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tl3B Influm e# of vitam in eonceat r e t  Ion on eo&gulaM pm* 

duetiOQ draeribed p. 118 e t  aeg# The xaedla «ere preperad 

la  the fe llev iag  «ay:
Â bmeel medlim of the sazm e<mpoaltioa as Jadigm I I  

(see p.lOB) hut without e rg in lae , «ea px^parod by diseoXving 

the eoiaponents in 30 ml. of buffer^ the addition  of a took 

aolutlotis of ar^ laine or i t a  roplacemertws bringing the ooa~ 

Oontrati(»a of iagred ieate  to  the desired level (soriee A).
The swm  haeal meditam «aa a lso  used four tlmea d ilu ted  
(Series B). In both ae ries  argiaino vaa a t the ooneentra«^ 

tlo a  alKMm in rwium I I  or «as replaced I li tu rn  by buffer 

or equiaaalar amounts of ornithine* e itru llln e  and norleuelne# 

In each ease 3 ml. of eoneentrated or J ilu ted  basal medium

plus 9 ml* of arglniiiee or replacement inoculated «1th a
\

rough v a rian t of a tra in  5* iowm to  give a t i t r e  of aooo * 

16*000 to  laeat«extract broth» end passed i^revlously through 
tnree sueeeaaive subcultui^ea la  the norle jtciae ^Kwilisa#

Kaeh cu ltu re  «as te s te d  fo r c oagulase a f te r  two* four and 

seven days* and the re su lts  are shown to  Table C (p.106)*

The queeticgi arose «hetiier the d ifferences to coagul* 

see produetion merely roflecteU  differences to tlm uuafeer 

of eeU s p resen t. Inspection of Series k  to  Table S « iU  

show th a t tills  Is  not so The c e l l  coimts of the 4*«day 
argtotoe and ornith ine cu ltu res arc the sai^* but the 
a rg to to e  m edium  contains 16 times m ore coagulas# than the



M 8 .

ïte d tB fi I I

C w g w itiM  ipm 100 a l*  b o ffe r*’  ̂ a t pH 7 *5 } o f a m a im : 

oaad in  argiB laa, om ith ina , c itro U in e  axparlwate

L-argkiina basa 0*80 gO.4 0*009 @a#

L-glatamle aaid 0.68 m L-lauGln* 0*06 «

ri.«aspartio aeld 0.16 m 0.00 «

DL-aethloolne 0.16 n X«-tpyptophBja 0.06
CL-aallaa 0.18 * L -h ls tld ln e  HCl 0.06 «

X2.-tbraoniaa 0.18 # Xiwprolioé 0.05 «

H,-iBoleaBla« 0.18 fr lii~serine 0.05

L-lyalna 9C1 0.10 #

1^50^.71^0 0.85 0.95 @s.

Anaorin 60 nga. i nieotinam iàe 4000 ugm.

.  The W ffar «ui o.3M.Kgmoyo.l M. e ltv ie  aeio. 
IM ro n s e a 's  b u f f a r .

♦ In  Üm ottoar mASa tù a  a rg in in a  m» vaplaeaâ by «ma a f 

Ma fp llo a la g i- norlexjclae 0.16 ga»| am ithlne âibydbro- 
ob lsrida 0*867 gai e ltv a llia a  0*80 ga.
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64 ; 60.0 8000

6 .7 <4 16.8 ' 1990 60.0 # 0 0

1 a .8 < * U .4 1000 1 98.0 # 8 8
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!

0
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4 300 fcwtfitotM» t#  TWale 6«

^ -ri& m kiea# #M d «Tfewp 84 bow a* # t 37*@Tü.

@#e fe o tn e te  to  ?#W # 6>

A.



\ mmn y

!
« ■ m iM i matim Vm mmm tfU iK r ik r  w y  b# «m b eW k ttm  

•w g ile— pwW tlM  te  Wm i»tey #»gtete# «aXteP» mad t te  

mute am# # f teuHUL mmdtem te  te rtem  A , Mm#» Mm grnmmth is  

ttite tlm m l»  Xa Mm < dmy m ulteVM  gwm M  te  SmarfLM A m ate, 

m m teifntng m rgtetem , m vnltbtem  mad m ttem U te# pm mmmdmd mmh 

fm tte #  tte a  ia  tfam mmaOsolm» BaO tern d lffm w im mm te  mmOl 

mmwBte mm mmh team M an %hm diftm m aem s te  t te  m notnte a t 

mmmgmlmmm pmdmmmd. I f  Mm d-dagr mmgtetea mad am rtem tem  

m a ltm m  a f Smxtes A mm mmomidmmd. Mm m tte  a f a m ll 

moatea is  mama to  te  tes# tte n  4 to  1 , b u t tbo  m tte  o f 

ommgatesm j aodm od is  400 to  l#  T h is  d is s o e te tim  o f gsmmM 

mod ooogatem  gaodm tisa  m s M sm vod te  many o tte r  maymstemmtm, 

I t  te  otem r, thossfm m . M a t mrgtetem pteys an ia *  

psa ta a t fa r t  te  M s ppodm tiaa  o f omagotem jm t as te  M s 

ppodm ttea o f la a a e ly e te . I t  a teo soorn M a t i t  te  fo lly  

m pteom abte ty  W L tm llte e  and lo s s  « rfm a tim X y by omaitbtem#

I t  mould mama ttea tbat te ordor to obtain b i^  yields of 
omgatem oitbms asgtetee or tbo anteo aolds osoiMim and 
miSsailtoo, Mtsb bam ooaaoa stsm t am l foatm m , mot bo 

ymmat te Me m dim . litb  aagtetee siaply omdttod or 
mgteead by aortemina tte  yield of ooaguteso sms paoa*

Tbmm m aolts mm obtateod sdth a atm te of StmM 

amam mpabte of giving high yields of omgatem in  m at- 
oacMmot baatb I t  ms Mmmfam doeided to toy the offmot 
of «rgtetee on anatbmr mtmaln pmdmteg tern mmgalaso

iV'-
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(S tra te  Is U y ) . te  M l#  axpastem t aaat-aactxaet ta « M , 

basa i m dlam , b a sa i asd loa * a rg te te #  aad basa i ssd lim  a 

o m itb ia *  «are eoapareft# Tbs ré s u lta  ara g iv m  te  Tabla 9 

(p .lO S )* I t  la  a u rp rls te g  to  «ata th a t tb ia  o rgan isa ,

•b le b  la  a poor ooagnlasa prodnoor, g ives fa a to r In it ia l 

t fwm th  tban s tra te  5 tbougb I t  n o ra r a tta in s  a» a f in a l 

ooU  oouab. A pa rt from  tbSa p o te t i t  la  Obvions th a t tbo  

oaaelnsions drasn fro m  tb s  pravions a aporissn t a re  n e t fo lly  

appU oabla to  th is  s tra in *  Tbs in fte e n o s o f a rg in in e  is  

s lig h t, in & le a tin g  th a t fo r  M is  type  o f s tra in  eozuüttecas 

fa r  good eeagiteso p ro dn stltm  «ere n o t a tta in e d  in  the  ayn- 

tb o tio  asd ia  auad th a t another fo o te r o r fa c to rs  «era needed*
C <«/is«r P. 10'S «L */aPS^

Permatlma o f o itr a llte e  teem a rg ia te e  h r ataph* asren#

W» sxp srise n ta  doaoMbed shove shooed th a t a t le a s t 

fa r  o o rta te  s tra in s  a rg in in e  see o f g re a t tegw tanoe fo r  

eo t^n lase  produotten* I t  eonld bo repteeod by o ltm U te e

o r o m ith te o , h o t one o f these tb ree  aateo acids had to  be 

ppoaont fo r  good y ie ld s  o f eeag jlase* I t  m s thought th a t 

they adgbt he in te re o a v e rtlb le  o r th a t they m i# t he abte to  

s e t as preonrsore o f some fa c to r e s s e n tia l fo r  th e  aynM ssis 

o f eeagnlase*

Tbs fo ro a tix m  o f o rn ith in e  from  a rg te te e  bad a lready 

boon daa rastra tod  by M ils  (1940) and te le  (1948) «ho 

p o s tu la tsd  an ensyas, a rg te te e  d ib yd re te se , e a ta lys ia g  the



Wmm 'W iim rlwwitr» ladieeâeâ M a t s tm te #  o f

OMBBfuo ûStfm OMBg #m*h Mbmr In  W v lr is u tr itio a o l m» 

fB t wwm al»  tm «aofnam o prodnntloa< S ln ilw p  d iffa m a » # #  

«w » la te r  tmmâ «m o tekaom  m rla w te  o f o  oJüagla s te e ln  

(aae p*361)* I t  oae te  iiw w ntttan te  M a tehan&em

a f tfiffW N atfc oteaJna «ad M a ir m rte n ta  in  ebw aleellgr da- 

fte a d  te d la  aiaa» t te  iapm rten t rfO e o f « rg in ite  a lg te  te  

e te e ta w l by w r îa to illty  te  regard  te  o tte r  s iitr itlc c m l 

re q a lrw e o te »  T te  mmk tioaertbadi on p . te  e ]| aee* on M a 

e ffa a t a f K — — S ea rio t& on  an tte  p ro tiua tte n  o f ooagolm 

ose ia  te & te a ry  aadte e î ptealatrà tte  need fw  t iila  oapaa* 

te  te  oauBStered.

te fte e  gaaaine te  tte oe  «opariaante aaeaver, an 

oeoew t la  g iven  o f tote fo rm a tio n  o f o lt r u llite  ite m  aa% ln* 

In e  by atenb» aoreue; te ta  ia  te l l ooM  by a âoco rlp tiO B  a f 

fete expa riaen te  la  eh lah v lfean ln  om m m rw ^tione «rare v a rie d .
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Wkhl» 9*
■Wttmt è f re p lm la g  e rg ln ln #  w ith  « m ü h tn e  m m 

coagule#* preduBlng e tra la  o f a tm h * aawm i»

édU & es
•"'■-iKjesi-........... ..—

auR tee#
Madia# ' ' C a ll 

mwBte 
pe r m l, 
X  lo 8 *

Caag-
ulaae
tite a ^

C e ll I 
ammt#
per # , 
% 1 0 ^

Coag- 
h lase 

* t i t r *

C a ll 
eeuaote 

* p a r |^  <
X  1 1 ^

Coag*
uteaa
tite a *

AmmüL W ilt 1 Tim 7 .6 8 18.3 # 11.4 4

Added e m ith ia 1 11.4 Id 16.8 16 16.8 18

Added a rg in in e ; 11.4 16.8 m 16.8 18

M aat-eateaet
te a th i 18.6 188

1 .
18.8 [868 ; 

1

15.8
'  #

8 6 8

# ftts m tle n e  aaad a fte r  48  hour# (84 te a r#  * iaroftH tfelen 

«8 8 7 .8 % . fo lle # # 4  by 84 h#BM #4 raem laayara few e). 

See fe o te e te  te  te b le  8 .

*  te a  f# # b m te  te  Table # .

' ''
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fo llo w in g  s m e tlo n  (re a c tio n  (1 ) ) t -  

A rg ln ia »  *  8 %0 — « m l th in o  *  8 ïïEĵ  4 CO. #. « ,» <1}

3inoe rm e tio n  (1 ) in vo lve s  tb s  s iau ltsn so o s re a c tio n  o f

to o  m olecules o f e a to r w ith  one m olecule o f « p la in s  I t  a l-  

sBOt c e rta in ly  proeoods in  two s ta g e s. In  a personal 

ooseunioaticm  fro fe s s o r S b t. Srebs xMggeeted tb a t tbeao 

a i^ a t bo as fo U o o s , o it r o llin *  be ing  form ed ia  M s f ir s t  

stags and o m ith in s  in  the second*

A rg in in s  * ÛO ——^  o itru U in s  a B& . . . . . . . . . .  . . .  (8 )

C itrd llin s  * ^ 0  oam itM oe a a te g  (5 )

Tbs re a c tio n s  (8 ) and (3 ) bad n o t been absmm s itb  

S taob. anreus b u t had been dsnoos tra te d  in  Steeptecoeeas 

fa e e a lis  tqr te u to sn  as&ina (194?) and la is e tt (1981).

M s se rk  described  in  th e  fo U o e in g  pages see n o t 

modertWEœ w ith  the o b je c t o f fin d in g  out M sttasr tbaee ess 

a s im ila r aeqnsxM» o f re a c tio n s  w ith  S taph, a n ro te . b u t 

s a ü ily  to  o e ^ iire  seem in fo rm a tio n  about the a a to ria ls  used 

and prodnets form ed in  M s syn thesis  o f oeagulase. Par 

M is  reason a on ltupo  medium eontai n i ng a h ig h  ecm em tra ttcn  

o f amino aside and g iv in g  a  good y ie ld  o f eoagalaws sas neod.

M a to rta ls  and methods 

S tra in . Tbs s tra in  o f S ta te , atapeus used mas coagulas# 

p o s itiv e , o f human o rig in  and m itih  ty p ic a l fo rm e n ta tite  

rM w tio n s .
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te d i#  «tna T te  medium need «as t te t  atemn In

ted i um I I I  (p.lO O ) e r «1 th  tte  srg tn lD e  rep lseed by e y o l- 

ao lsp  •m ounts o f s lt r o llln s ,  om ttbS ae o r o o rle u o lh e . These 

tmm media are re fe rre d  to as tte  a rg in in e , e lt r u lllo s , 

« v n ith in e  and oo rleue ine  m edia. Each eoata lnsd 16 emiao 

a c id s , 4 v ita m in s and iim rg s n ls  s a lts ; g lteose  «as o m itte d , 

as la  a ll te te r  experim ents « ith  cî^seM caliy d e fined  m edia, 

beeauM o f it s  in h ib ito ry  e ffe o t on eoagulaee produetion  

(K e te r, 1957) T te  Inoou la  «era p ro in re d  by o o n trlfn g in g  

18-hour o ld  b ro th  o u ltu re s  of 3tagh» aisreiaa. sashing Me 

s e lls  s e ll « ith  s a lin e , and svtboulfeuring succsasive ly 

th r o ii^  th ree  lo ts  o f a rg in in e -fre e  norle tm lne  medium. Btem 

tte  th ird  suboultupa lo  u l.  lo ts  o f tte  va rious media sere 

iueou la ted  « I t li a sm a ll lo o p fu l. In  each ezperlnent fiv e  

media «ere used -  a iio rle u o ln e  medium, an  o m itM m  medium, 

a o itru lU n e  m d iia i, as a rg in in e  sm dltsi, and a b lank con
s is tin g  o f an m ino e a la te d  a rg in in e  osdlusi. The norleue ine  

msdiisa «as used as a e o a tro l, g iv in g  s im ila r g ro s th  to  the 
a rg in in e  am dim , slnoe s in g ila  omission o f a rg in in e  caused 

asjch poorer g roe th  « ith  tte  s tra in  used'* C u ltu res «ere 

iaeubated fo r  9 aaà samples «itte2ra«n a t In te rv a ls  

fw r osaailnatiw a by paper eh raaa tograp ty.

Chromatoarateie methods. Tte mmplam from tte  difform at 
s u it was «ere do-sal ted e lse tro ly tlca U y by tte  mat xmI o f 

Censdon, Oorten & tk r tin  (1947). A fte r de-m iltin g , tbo



100

medium I I I

C oapasitloa  (p w  100 «1 . b u ffe r^ ' a t pS 7 *5 ) o f medium asad 

in  expmpimeat# m fo rm a tio n  o f e ltr a llin e  Arhk a rg ia ln o *

L -a rg in in e  baao 0.16 gm. Z L-a lao ine 0.16 gn.

m ,-glm tarnie ae id 0.16 « % &-leueine 0.06 •

rL -aap a rtie  a o id 0.16 # C L-phenylalanioo 0.06 •

ft-m e tb io n in e 0.16 • iL -tryp to p h e n o .w #

m -o a lin e O .IS « m rnM atidhao m% 0.06 «

n -tb ro e a iia e 0.18 « I& -p r01 ine 0.06 #

IS i-iao ieaB ine 0 .18 » 18,-aarine 0.06 e

D L-lya ine  a c i 0.06 * g lye io e 0.06 e

• ^ ^ .7 1 ^  « 0 .5  gm. ;

B lo t in  1*0 nga»| aaoarin  o,.)* lagat. * sgvSàoxSn JJBOyugm,

nieotlm m ido SO yaga.

* The b u ffe r mao 0.S H. % B F o y o .l I .  o it r ie  ao ld  

SQraoaoa'a b u ffe r.
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Moaplee more ovaparated te  dryness mod tekan qp te  the  

e r lg tm l relum e in  50j( e t iy l s le o h o l. 30 m ic re -litre  

spo ts mere used in  ts o  d im eosiaasl ohrcm stegraiB  e tm s is tin g  

o f s 84-hear sseendiag run  us ing  MsnW i ss tw a te d  « ith  s e te r 

as tte  s o lv e n t, fe llo s e d  tgr a 43-hour desoending run  s ith  a 

ra te r-s a tu ra te d  s o lu tio n  o f «me p a rt g la e ia l a o s tio  a e id  in  

fo u r p a rts  n -h u ty l a lc o h o l. The spots sere n e u tra lis e d  

s ith  aaaonla and the  h u ty l a lc o b o l/a e e tie  a o id  run  sas 

o s rrie d  ou t in  the paneseaee o f aamonta w p o w  A fte r re 

moval o f Me so lve n t the amino a o id  spots sere devslcwed ty  

sp ra y in g  s ith  a s o li;* io n  o f n in h y d ria .

R esu lts

The ebrsmatogpems o f the  3-day mxA 5-day s u ltu rs s  

shooed o n ly  th e  amino a e id  spots to  bo ompeoted from  the 

knoen o w ym o itio n  o f the  media in  M s oaso o f the  uninosW atod 

a rg in in e  b lank medium and th e ' o m ith in s  and m erleueino aaedia* 

The 3-day and 5-<kqr aupginine e u ltu re s  shomaKt an a d d itio n a l 

o rn ith in e  spo t and the 3.^lay sod 5-day o itr u llio e  eu ltuT M  

shooed an o rn ith in e  apot and am u n id o m tifio d  s p o t.

The ehromatogram o f the 7-day o ld  a rg in in e  e u ltu r#  

shamed the appearanoe o f a e itru U in o  spo t oh leh  sas m issing  

fpoa  the  7-day oe rloue ine  and o rn ith in e  ohromatogpsma and 

from  th e  b lank (un inoeu la ted  a rg in in e ) médius . T h is 

e itr u llln e  sp o t «as even aaore oerked on Me ehromatogram o f



m.

the 9-day arglnix» eultov* but again «as abs«ub from tb s 

9-day nerlauaina and o m ith in s eu ltu res and fmia the blank 

nadivas* P ig s. 6 - 1 0  (pp. 119-116) shea the ehrezsatogsaasi 
a f  th e  9-day m lnoeulatsd  arginine madiua and norlsuelne, 

o m lth in a , eiM oU iae and arg in ine eultures* The M psra- 

tio n  of the spots i s  p m r « ith  the high ooneentration o f 

amine aeids used, but w ith looer eonoentr&tlous the «wajt 
amount o f c l  t r u l l  ino foamed «ould net have been detectable* 

Since the completion of those experiments s te in  & 

lieore (1951) reported the break-domi o f arg in ine dw ing 

e le c tro ly tic  d e -sa ltin g  and th e ir  re su lts  suggested th a t 

e itru llln e  might be one of Me products of th is  break-desn* 

The p M S ib ility  of the o ltm llin e  rorasd In  the argin ine 
eu ltu res having a risen  as an az^ofact of d e -sa ltla g  «as 

a a a ll , hooever, since a l l  the speeiaena «ere subjected to  

the same d e -sa ltin g  procedure,- yet no e i t r u l l im  «as found 

in  the younger arginine cu ltu res o r in  the uninoeulated 
arg in ine medium* To c linch  the m atter, fa rth e r experiments 

« ith  re s tin g  c e lls  in  vhich d e-sa ltin g  «as omitted «are 

o arriad  o u t; these ru led  out the p o ss ib ility  o f e itru llln e  

having a risen  as a re su lt of the e le c tro ly tic  break-domn of 
arginiuo*

4 auspsnsicn of «ell-«ash»d c e lls  o f Staph» aureim 
in  d is ti l le d  mater «as laei&ated fo r 24 hours a t 37.5% . « ith  
•a  equal volume o f a 0-4:1 so lu tio n  of mrginizM in
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Mlâ m# stiamt ##r* o M e r im û  aob <m 10 adarô UtM «ÿoèa of 

M * fa U M tfa g t* (1 } o f M ils  la  dl ii t l l l ad

«BfeMP* 0 )  ##W Aeo o f « i^ ta la »  la  d la tilX td  ##%#», and 

IB } a iz ta sr* « f ##11# and aagSoln#»

l# # a lf  « fh »  ##11 mm pan#i«n #ha##d a# am laa-aoid ajpota# # t 

#11» t te  wgSalB# A O lu tioa  « « la d le  #m lae-*e ld  « p e t, Iju t %B# 

«data»# «C ##11# «ad « vg la la e  « lie—d *  amxitmA fls n a tlim  # f 

W&h o ttv ttU la #  «ad e z n lth in #  «eooayealed ty  « desaeea# in  

« fg la ln # . Mg#e 11 «ad IB  (w H * #  1% ) Wm# the  o ü tw t# -  

. -ffmm e f th e  erg la lm # * m U  #asp#aeiea mloae «ad # lt&

■ n ta r qadw  # f « m lth la e  mod e ttem lH ne  #dd#d.

S hni Ml# fhm m tlea  # f titib P d llla e  fhom « rg in lo e  h«# 

«ga la  Been deaenetra ted, th la  tim e in  eia#a##t«n##« ehteh 

• lla la a te  th e  pH M B lbllltdr # f th e  « Itro U la é  rna lng  

## «a #*##f###.
■hen tM s  fla d la g  1# ewm ldeaed t#@ #ther «d th  the 

hnoHn fa n a tic a l a f e m ith ln e  fro a  a rg la in e  and the fo n a tlo a  

# f e n ith iM  t r o m  a itra lU n e  (aheea la  the e lta n illln #  B-d#y 

ehroaatogcea) the  taeakteaa o f a vg in ia e  to  o rn itliin e  la  

th e  ta #  «tag## eaggested by Sréba la  d#m #n#tr«ted. I t  

#pp##n fn n  Tahl# B (p«10B) th a t aagSalae «ad e itv d U ln #

#*# about a q ^ U y  e ffa e tlv e  la  « tla B ila tln g  eeagmlaaa ###» 

daatlee i b a t th a t ogm lthla# is  laaa a C fn tla #  than e lth w . 

Bn #  IM a  i t  fa ll# # #  th a t the #61# # f th a n  th a n  amlma
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E ci ■a can Im riily bo e z p la ln e d  by poo tu la  t in g  th a t  a rg în în o  

and o i t n i l l i n c  a re  c a a w r ta d  to  o m iti i in o  and t)m t o m i«  

la  th e  key amino a c id  f o r  coagu laso  p w iu c tlo n #

Thongb i t  ia  n o t c l e a r  what p a r t  th la  e rg in iao -- 

c l t r u l l in e - o m i t> i ln o  convo rs lon  p lay s  in  th e  p ro d u c tio n  o f  

eo& gilaae * th e  c lo s e  r e la t lo n a l i ip  between tha  s t r u c t u r a l  

fo n m ln e  o f  th e se  th re e  amino a c lm  and th e  sh a red  a b i l i t y  

to  s t im u la te  coaguilaBe p ro d ijc tio n  s tro n g ly  su g g aa ts  a 

ccmion fim c tio n #

In flu e n c e  o f v itam in s on coa^ul& se p ro d u c tion

The e sp e riia en ts  d e s c r ib e d  e a r l i e r  in  e h ic h  tb s  aminc^ 

aelwi cosspasitioa  o f media eaa v a r ie d  f a l le .  to  p rov ide  an 

ex p lan a tlc^ i o f  tîîo e r r a t i c  r e s u l t s  obtaluod* The poaal*  

b i l i t y  th a t  cîmngoa in  th o  v ita ia in  c o n te n t might jav e  been 

re s p o n s ib le  vas then  considered*  D ilu te  s o lu t io n s  o f 

v itam in s  lo s e  t h e i r  a c t iv i t y  in  the  co u rse  o f tim e ana s in c e  

in  Qosm o f  th e  ptipeut e i ip e r iœ n ts  ( v i th  îW îiiim  I )  s to ck  

s o lu t io n s  o f v itam in s s e v e ra l weeks o l  were used^ i t  was 

though t w xrth  w hile t o  in v e s t i r a  to  tho iiif lu o n ce  o f  

v itam ins*

In an i n i t i a l  c s p e r ia e n t  th re e  v itam in s  ̂  an o u ria#  

p y rid o x in  and n ico tin am id e  vrerc used a t  th e  oonc^tra*»

t io n  (MWium I ,  P ‘ 94 ) a t  10 tim es and a t  50 tim es g r e a te r ;
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121.
tlx? ru s t o f t l io  coniponents o f th e  medlim iser? a t  Im lf  tl-m 

coiiccati?u tioa shovan la  iloüluui I .  The organism  used was 

s tr a ia  iP C m ckea. The re s u lto  g iven  in  T ab le  1 > {p . 125) 

«liovï th a t a lth o u g h  tbs amount o f coaguîase produced In  each  

case Is  Siuall^ tiu&ro Is  a s lig l i t  b u t d e f in ite  IjvMroase w ith  

i*icrcaa.Lrig co n c en trâ t le a  o f v itam ins#

oubeoqu^at t e s t s  showed t lm t s t r a i n  ?F^Crackeu had 

lo a t  i t s  a b i l i t y  to  givo lii^h  y le ld a  o f  co ag a lase  even in  

b r o th  c u l tu r e s  saû i t  was d ec id ed  to  r e p e a t  tho  experim en t 

w ith  a  ( ilf  f e r e a t  a t r a lu  ( s t r a in  3 ) . At tlya 'same tim e th e  

p o a s ib i l i t y  th a t  one or moro of tiic v itam ins îai.-ÿxfe be i n -  

id 'b ito ry  a t  h ig h e r  co n cea trab io n s  m s  In v e s t ig a te d ;  th e  

to d iv ’id u ftl vitéuuiiiS wore 'osea a t  tlie  c o n c e n tre tlo n e  g iven  

in  I  o r  a t  100 tir io a  th ..sc  coxacentratio-ns. Amino

a c id s  arid s a l t s  miH> a t  t in re c -q n a rtc rs  o f tl'x cor c e n t r â t  1 on# 

g iven  in  dedlum X* Tim wo<ila were in o c u la  ted  from  t}"m 

eimcosaiVG su L cu lta rc  of s t r a i n  5 in  Iw -v l ta m in  

medium. T able 11 (p .126 ) ^,ivao tOm xeaxalts# Again otily 

a  low f i n a l  tiU i'e m e reacim d Out th e  r e s u l t s  3ug^;ested 

t h a t  p y rid o x in  m ijiit be IvddLOltorj t o  coagulM o pro ihsstion»

A f u r th e r  o z p e r la c n t m a  L-.:orororc c a r r ie d  ou t w ith  tiw 

mam s t r a i n  mid w ith  one o r were v ita ia im  em itted#  The r e -  

m in in g  c o n s t i tu e n t^  wa: c at 'Uilf a t ro u g th  o f  I#

Tbm in o c u la  were fro iu  tne th ir a  successive auboultxare in  a  

jggTidcL?i^ d e fic ie n t m dxa^.»  T ab le  12 (p # l2 7 )  glvma the



128.

ta th is  th ird  «zperiw ot in  whleh Qm eom eatratic» 

o f tbs vitmmins **a sw led tlie  aalsslaa o f M rrldoxin eauiod 
no change in  eesgialase prodiictlon. Thore sa« ft m rf 
narlced inorom*#, however» in  ooft̂ gpxlaae anstsrin was in - 
ereased to  ICK} times tbs tisoal ooncantmticm. A k$aSJjut 
Inereass in  nicotlnaalds concentrât Ixxi d id  not a f fe c t , the 

am onnt of eoagolase p*od\icod*
The most «tariking featu re  of the re su lts  o f th is  

la s t  saqieriment we* the appearance o f a hlg^ MLtre o f 
eoagulass in  two of the media and i t  was decided, therefore» 

to  inw estigate the influence of vitamins on ooa#i]*@e pro* 
duetion more fuH y. Expérimenta were ca rried  out in  which 
v itaa în a  ware omitted or increased and the amino acids and 

sa lt»  ware a t  h a lf , three-qam rter# o r tho f u l l  s t r e n i^  o f 

Medium I .  The s taphylocoecus used was the uadlaaociated 

s tr a in  S o r i t s  ro u ^  varian t (s tra in  SB}, see p . 66 .
w '/I

The h i^ ^ c t  t i t r e  o f eoagulaso reached in  the course o f 6 
to  7 days* cu ltu re  is  given. Tables 15 *  17 (pp. 128-132) 

give tix) re su lts  o f d iffc re o t ezperiments which a re  summrlsed 

as follow s I
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; (1 ). jyrldsKiBi M &  a#  s f f s e t  m  #m#xl*## p isdttPt ta a  
la  the## «wNP&swæ and mm jW xlb ltory in  ana wbaa aaaarta Sl-W
and nioatlnwidid# «are a t  the aonM l aamM ntratlona. #m a 
ansupia and nleotînantUto ##%% a t  a  h i ^  cwM rnitmtlqa 

pyridaaia mm «M* In h A lta ry  aafi anee e tlm a a to ry .
(2 ) . BJL^ ooneentoatisna o f anauHLa m m  aoaetlaaa 

a tla a la te ry  m d aonstloaa wltboWk a f fe e t, but la  the praMMoa 
of Mgb aeaaontsatloaa o f aioatlm m M # a io i^  lad  t#  a  

m aim A  laoraaaa la  ooagalaao pMKbmtlam.

<5) • oonew tratlona W? aâeotlnoialâo mm offMtt*
iv o  la  iaeaaaalog eoagüaaa p ra dn tttla o  o n ly  In  prwaaoo 

, a f b iflp t eoBOfrntratSoaa «P « a a a rln . ;

(4}> A eoBfclnatl<m o f #maorlm an i alaaAlmaaiaa a t  
100 tla a #  tb a lr  nmmaal oom oatratlooa oatMod a  aariod in* 

aeaaoa in  aaagnlaao pnodoation (8 to  16 ttaaa}  in  aoaay 

axpa riaoB t.

I t  la  obviooa from M»aa ra a u lte  th a t the rospooMi o f 

aqpaao to  «bandas in  tba vitam in oantant of a  Wm#*

ta lly  am fln ad aadim a la  not a a iM la ta n t* Tba alhm in w ad  

babavad ma thma^b it#  v itm a ia  raqmbpaoamta d iffe re d  fe o #  

«aperiaen t to  a xp a ria M it* aaamed, bow ver, th e * a  

maditn eo a ta lnl ng no p y rk lo x ia  mM w ith  mamseSxi #md n lo a tt» *  

amid# At 100 tim aa sM vaal aaoaam tratiarn ootOd bo ra lia d  on

V, ■ ■'' y), '' ' '-‘V
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to give « lAlrly eonoletmit yield of oeepilase and eome 
experiments on arginine replacement were earried out with 
# eli^Stly modified vwrnioo of this medium (soe Table 8 ,
IN » » }.

It muBt be esqpfaaelsed, however » that variatima In 
ooagBla—  preduotlem was encountered tt«<ou^>out this work 
and could not be vboUy attributed to cbangas In either 
•»»*"* acid or vitaxdn’ eotusentratSon. It aaaumed the 
aepect of a biologioal phenanmaoa a W  strongly replied the
ftodingm In  regard to  R ----  S v a ria tio n  of stapbyloooool

In ordinary media, eae p.âS* It was therefore deci^md to 
investigate the vitamin requirements of dlffermit atrains 
and of their veriaats In order to test tim hypotheale that 
variabl* coo galeae produotion might be the result of strain 
variatiam. It vaa tlmught that not only might the in* 
trinaio poaere of synthasislog ooagolase vary but also tha 
nutritional requirements for t w  aynthesia.
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Table 10»

EffWet e f inexeesed vitam in eoneentm ti«ia on coagula## 
preduction o f Staph» gggeua.

1
i " 'm & a ." '" " "
1 Vltamia* 
: ooooeo* 
i U m tim m
i- - - .........

- ,  T  .1 Tj, , ,  , , 1 1.J  „r n .  1

C all Ccag- C ell ; Coag- 
counts olaae : ooimte ; ulaaa 
p o rta l.j t i t r a *  ^ p e r^ a l.|t i t r e *  
x l08+e i ix lo X e  ;

C ell Coag- 
eouats julaoe
par,,m lwtitre*
aao*++ :

C ell
oouats
peTgal.
X lO ^

Co##-
ulaaa
titre^

1
itoraal -

10 X  
Haraal

.  . n  . . .  ' T m r  j .  "  n, f  .

9.7 1 4 i 11.4 e
I ;
!  1

7.6 ! 8 i  15.2 16

h . l  1 . .1 I >̂11 r . - - » .  l . . . j

15.5 4

15.2 ; e

!
15.5 1 4

Î
i

80.8 6

1 80 X ;
i Raraal !U 4 8 10.0 98 .8  98 82 .7 18

* T itra tlm M  read a fte r 84 haura a t 97.8% . See footnote to  
Table S

e ^'anaal vitam in eonoentraticm am in  Medium I .  
ee See footnate to Table 5.
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T able  15-

E ffee t o f insreaaing aneurln conoentratloa on coaguXasa
ppaduetlon

Vitamin eoneentratlon* lighost t itr e  o f coagolsae 
reached''

Asteurin H ieotin-aaalda Pyrldaxln £xpt«2 £zpt*2 iXpt.A £xpt.5

1 1 a il 128 16 512 128
100 1 M il 1000 16 518 1000
1 100 M il — 512 123

100 100 811 20ÛÜ 2000

Table 16.

E ffect o f inerm sing nieotlnamlda coneentxatlcm on 
«eagtilaaa preduatien

V ttaain concentration* Higheat t i t r
rm

a o f coagnlaae 
phad*

iiooaiirln Bleotin*amde fy rld m in Bxyt*8 Bxpt.3 Expt*4 &spt*S

1 1 Mil 123 ww 512 188
1 100 N il 123 wae# 512 128

luo 1 N il •mmm 16 512 1000
100 100 M il -wG» 128 1000 2000

*  T itra tlena  read a fta r 24 hours a t 27.8% 
footnote to Table S»

Sao

* V it amin o o ao m o itra tlo iM j 1» 10 and loo » 1» 10 and 
100 times e e n e e n tra tlO Q  g tv o n  in  Medium 1.
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i i t t a a t  o f  io o r e a a lo g  b o th  a n e u r in  and a lo o tla a a ld to  e o n s e n - 

t r a t lo o a  oo o o a g u la a e  p ro d u e tlo n

V ita m in  c o n c e n trâ t  lo n %  liig b o a t c o a g u la a e  t i t r e  re a c h e d *

I- # S*pt»a Bxpt.S îbCpt.4J Expt.5 HS^.6'[
i

1 2 8

M il  1 0 0 0

_i __

16 2 6 6

1 2 6  I 2 0 0 0 8000 1000

T l tm t io i i s  roALL a f t e r  24 lioixra a t  3 7 .5 ° c .

See fo o tn o te  t o  T&tle 5 .

4 viteMn coîicentretiorie t 1, and lOO * 1 and lou 

tlx2»s eoneentr&tlon In 1
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The behmvieur o f d iffe re n t Maaatn» and th e ir variant# In  # 

chaaieally  d e fined raBdluaiw  B# -mm-m .. iMi»»--. IWII I I  ■ III I trntm

The invaatlgatiohB o f the iiifluonco of amine acids 

and vitasdns on coagul&ae production strongly suggested 
th a t n u tritio n a l requlrœaents d iffe re d  from stra in  to  s tra in .
The vcrk on B   ' va ria tio n  (sea Section I ,  p .53) shessd
tha t even variants o f a single s tra in  d iffe re d  in  th e ir 
a b ility  to  produce eoagulass on ordinary media.

In the lig h t o f these find ings i t  seemed desirable to 

investigate more extensively the behaviour of d iffn re n t 
stra ins and s tra in  variants in  a obemioally defined medium. 

Vitamin requirenenta vere p a rtic u la rly  seleeted fo r study.
The formula a ll the media used sms basica lly th a t 

o f Mediom X (p .91) but v ithou t pyridoxin. I t  vas used 
(a) as ouch and (b) w ith  a hundredfold increase in  the con
centrations o f aneurln and nicotinamide • o<mtrol cultures 
in  moat-extract broth vcro made ia  each case. k l l  media 

sere inoculated w ith weslied orginiams vhieh ad been stft>- 
cultured through three successive lo ts  o f lov-vitam ln media.

The organisms selected fo r testing  included tlm rough, 
hi^*coagulase-i»«duoi!^ veriaats of three strc ins (SB,
1^2.H. end i f  G .# ), the smooth, lov-coagulase -producing varian t 

one o f these s tra in s  (%er«3) and an undissociated s tra in  

(K e lly )* la  Ssperiaant 3 a newly isolated re u ^  variant 
(D.R) was substituted fo r s tra in  fe lly , which had been fOvnd



flEMIÉMM GGMf 0ÊÊÊk32L GlSBÉtâSlSS ÊÊt ##aaË&m## MNMI Ë& MMIÉ#»

« r t f— t  G ete i

me&rng prcpuMdKlw « f ktm  leeeoM fer #### #Mp#*&»
 ̂mm##,  t t  kemm # w l# m t «bot y e wth M#iAremM%# d tffi9M i 

' ■Mena the ###M#1 etmÊoe, end #mm heteeen the weeienW « f 
« **"g*e etM lxi* %ne the rough weriant of etm&a (# W t)
JAMME #@0### f? iH%i#l  sflpewtii W #a âtsaf a f feiGi GÉMkftttÉ

teefeea* %h #ee twerieemte #D*M beeeee adapted hwA la  the 
ttird  i t  ethtped greetes a l#*#th ar. fba aaaeth veeWA #f 
the eeae etcoAa (GD*d) gpee freely threughoet the MpwÊaei## 
Baeavee ef the fallxme ef the emgh eerlant to  pree la  the 
third peeeage* etrein fiFs (#D«m mad #B d) wee omitted Uvea 
irm#ertae,mt 9* Mble 18 {p*l3l} eaanerhwe the reeuMe end 
giree the Wpamt e e ll eeoad mad eeagtdaae t i t r e  reaahed hy 
eaed ieaU w e*

A e tr tk ta s  fin d in g  la  the  ffeiloPB mt s tra in  8R te  g lee  

M gh f ie ld e  e f eeagnlaee a lth e *# K  la  the  p a t ,  in  th e  eea# 

sedlma# h ig h  t lt r s e  had been obtained# h ig h  t it r e e  ra re , in  

fe e t*  eehleeed in  tba pessaat eapsrlH rxtte in  «eat-aa^eeot 

te e th »  The p o e a lh ili%  o f e rro r in  th» g repa re tloo  mg Mm 

media eea ru le d  owt %y aeking nee media w ith  nee o se e ttto e a te . 

A p d a  e te a ia  #  fa ile d  to  g ive  maSb eoagalaee. The i t e t  

th a t e tm sia G c*s  pw e good oooip leee peduetiom  ia  hspeeA- 

« n t  # a le e  erpm d a g a in s t the  msdiom te tn g  d o fe # ie e .
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VAtûm 13.

Coagulas* proâoB tlon o f o tve ins and tb o lr  v a ria n t* In  b lg b - 

•nâ lo o i-v itw B in  m odi*

*  T iP a tlo n s  rood a fte r  8& hours a t 57.8%  
to  Totale 5 .

See fo o tn o te

! R x p t.l T E xp t.8 8xp t.3

• tr a in Medium* C e ll 
j Counts 
jp r - f ll*
Z l08+*

R igbset C e ll 
Coagul- eounts 
see p e rm l 
t i t r e *  s lo o ë *

SSpwst
ooagul-
iese
t i t r e *

T e ll ! m # e e t ^
oounte eoagul- 
p e r ^ .  see ^  
xlO % * t i t r e *

S R 1 9 .5 8
r ---------
1 3 .8 16 5 .7  38# XW 11.4 16 ■ 6 .7 32 7 .6  64* M.R. 8S.7 16,000 1 86.5i 52000 38.0 64000

M#D R 1 9 .5 M il 1 3 .8 N il Not ehough# 100 9.5 N il ' 6 .7 N il g ro # h  fo r* M.S. 24.6 8,000 j 82.7 1000 in o c u la tio n

M®D 3 1 9 .5 M il ! 1 5 8 M il
• 100 U .4 M il 1 15.8 M il Hot dime
# Mk£. 19.0 1,000 I 1 6 2 64

R% » 1 9 .5 8 ' 7 .6 500 15.2 16« 100 15.3 16 1 7 .6 1000 1 1 4  16# M.S. 9 .5 88 1 88.4 32000 17.8 500

K e lly 1 9 .5  i M il i 7 .6 N il
100 9 .5  1 M il ! 9 .5 16 Mot done1

D R

M.B.

1

15.3 I
i

866 I 11.4
I

16

6 .7  188
100
S.S. i

Not dw e
1

not 7 .6  i 856 
2 8 7  1000

♦  M sdlw ii 1 •  Medium 1 w ith  v itam ins a t ecm eenteation shenm
on p* 94.

100 "  Medium 1 w ith  v itam ins a t 100 tin s #  oonoentratlm s 
shown

M.K. •  M eat-extraot taroth.

4+ Sea fo o tn o te  to  Table 5«
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D uring tbM o expGria&nts evldenee was beg inn ing  to  

aocuzauilate t h a t  th e  R, M ^ i-co ag u la eo -p ro d u c lag  v a r ia n te  

end th e  S , low » coegulaee ocluc in g  v a r ia n ts  were c o n v e r t ib le

m e  in to  th e  o th e r  w ith  v a ry in g  degreoo o f  oase (see  p .6 3 ) . 

And, in  f a c t  th e  H —  3 v a r ia t io n  was fbuntt by p la t in g ,  to  

be th e  cau se  o f  th e  v a r ia t io n s  in  p ro d u c t!  n o f ooagulase 

w ith  s t r a i n  îfic  #H b o th  in  th e  ch em ica lly  d e fin e d  medium and 

in  s a e a t-^ x tra c t broths, For s t r a i n  5 i :, lioMOver, t i l l s  does 

n o t ho ld  s in c e  p la t in g  o f c u l tu r e s  in  chem ieaiiy  d e f in e d  

media o f  low eoagulaso  t i t r e  gave R c o lo n ie s .

T h is in v e s t ig a t io n  o f  the bohav loor o f d i f f e r e n t  

s t r a i n s  and t W l r  v a r ia n ts  in  c lie ta lca lly  d e f in e d  laedia con-* 

e lu d es  th e  s tudy  o f th e  r e l a t i  a s h ip  o f m etabo lic  req u irem en ts  

to  ooagu lase  production*  As th e  r e s u l t  o f  th i s  oork^ th e  

dXQceptlon of S ta p h , au reu s  a s  a  sp e c ie s  w ith  complex b u t 

r e l a t i v e l y  f ix e d  n u t r i t ic m a l  req u irem en ts  imd to  undergo a  

r a d ic a l  change♦ TW r e s u l t s  o f th e  l a s t  s o t  o f  e x p e r i

ments co n s id e re d  jo i n t l y  w ith  tiioso of th e  e a r l i e r  e x p e r i

ments on amino a c id s ,  v itam in s  and R ----- - 3 v a r ia t io n  le d

to  a  now p ic tu r e  o f t l ic  sp e c ie s  w ith  tlie extrerae v a r i a b i l i t y  

o f  i t s  m etabo lic  needs as th e  dotalnant f e a tu re
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1 . 9k# o f tw o s o la r prodaotio n  o f ooogalmo# In

eheedoelly d « f Inod aodio « o r* iz rvo s tifia to d  by stod jring  tho 

e ffe c t o f va ry in g  the  ooncen tre tion  o f oeino aclda end 

vttOBdna*

2 . The jUeportonee o f a rg in in e  In  the  fo n g a tio n  o f ooagul - 

### end the e b t l i^  o f o m lth in e  end e lt r o llln e  to  a c t ee 

M^lmoeeemite e a r* dmaomotrated.

3 . The f« o n e tio a  o f e ltra U ln e  fro a  a rg in in e  eea doaon- 

a toated b o th  in  ea ltupo  and e lth  reeWLng c e lle .

4» The v ltam ina  aneurin mod n iee tina ia ide  «ere fonnd to

eaaaoo a marked inerease in  ooagulaae prodoetion «ten preeent 

a t ooaM nlaetiona mmeh g re a te r than «ere needed to  ensnre 

f u l l  gpovth o f a ta s iu  aureoe.

S« Staaah* aureua «aa found to  abo* a « ids v a ria tio n  in

n x d rltio n a l roqn lreaK ite  e h ich  «as n o t obvious in  o rd ina ry 

media b u t revealed i t s e lf  in  ohem ioally defined media.

6» irre g o la r p redoe tion  o f ooagulaae In  chem ica lly de fined

media could be p a rtly  a ttr ib u te d  to  R —  3 v a ria tio n . In  

a d d itio n  i t  «aa feand th a t s tm ln e  and veriU nts o f a s in g le  

e tira in  cou ld  va ry  la  th e ir  n n tr it io n a l reqt irementa b o th  fo r  

grow th and ooagulaae preduotion i t i i le  rem aining in  the R fbrm .

The «eric on fezw atioa  o f c ltru U in e  from  a rg in in e  mas

e a rrie d  ov* in  eoU aboratim e (Lominaki» M w rism  & Barter»

1 9 » } .
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I 1

The atarttng psSat far # sisewsimi o f tte md# o f 

ooldLm o f jeoogntooo paefe o f noooM lty bo tho oorit o f 

6atl&  & Solo (28M> o*doh m m  doooadbod in  an o o rlio r 

iioetinn (p*40)« Tboy aboood. It «111 be xoM Uatt that -  

ooagalaao oould mot e lo t pwiflod flbnaogKi and xoqaircKi 

Wm pooaancw o f o ocxBpcooot o f Tiiwan and o tte r ploowoo

,) ' oaU od a o tlo a ta r a d tb  oM oh I t  roaotod to  gloo a tb ro te ln -

l i t e  avbotaaoe» a e tto o  oaagalaoo* % o lr  fla d ln g o  ra tead
/a naabar o f ppcbioao * lo b  a fte r  e ig h t yooro ore s t i l l  «a- 

ao lood.

T te f i r s t  o f tte o e  problao# Is  « te tte r  ooagnlsss o r 

o s tio a to r Is  th o  g a a s tlta tiv o  g rooareer o f a o tlo o  coog a lsaa» 

ta d th  t  Sale lo f t  the  o a tto r open and ssggootod th a t s it te r  

o sp lana tiaa  «oold f i t  t te  koosa fa e to * A fa rth e r posai 

b llitg r  is  th a t a o tio o  so% elasa Is  t te  prodaet ^  eon* 

b ia a tlo a  o f ao tS steor s lth  eoagsiaaa.

Aaotbnp p rob loa  o rio in g  from  W ith  A s a le 's  disoooorjr 

is  ooocos te d  s ith  t te  n teure o f  t te  a o tio e to r. Is  it  

id m tio a l o ith  aogr o f t te  fa o to ro  im o lv o d  in  tte  norm al 

b lo o d -e lo fttiU ^  aao tea isa t An oooo n t  o f  t te  d lffo re a t
I

a tto p p ts  vteoh  teas bean an te  to  aosser tte a a  queatleas is  

gfW B b s lo o
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##### & j#P###) #gGWÊ#A## Atttt# # KIaA aAP#PA####ÈÊA# Ê tt *WAAÊP#lf
##&###### iM htiili A##. ÆÊeûst te  #####1#A. te  ##&& * i# to l# # 6 te # s  -

te te jpAMteil# tte# sâaâte# AWAf$#$EG*G #,#### te A#te##HBÉ#
te m tte #

ê3SL ##*A A#i#Am t&Ap te # te  tte# A#teÊÊA# te- ### tepp#te#Ê
^ #1# #AÉÉ#ttftl## #f AmmgGgte## (### #*6l ##& t### WÊÊÊk 

##*#### G# teü#GlA#ÊÊÈA#A# #A# 0##G ####### G# G ftjit  A#ft#P ###MP

###### tep## & tete# 0ÊÈÛ #te## ##pte## te #A###k tePLtep #  

teâ#te #te#m ##A ## #pteP#AA### j#A##pte##ÊAl3L AMÉAriMttte te# teMAP

%
#



■■ ' f r    v ^ a  ; #

i*■,.v3-

j-h

tii 
7 >

/

-H

'Iff*

.' '̂W

Atetewah a# inNoof #C M # ÉÉliÉSilsf

« r n o M ss te r aad p w th rw M n  b u  bwm graW esd, #####% 

meimvm hmv# Umb e tr w k  by a W lw lt l# #  Wkmm Wm %m « # .

lA'à
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P P M idh i awhanha a f a % an a l»pa##hahed  ^gdaaaa ik a o tla n o  

man p o a lla li  aWawa haaa aw P im ad  IfeSa ïla d ln #  (##$#«

& s # B k , %#$6# Ma&a* IM9)» Thay #h@ar #  #@ aa) ËW» 
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M an o f a a tsva tflv  o r  gaahhmaMn « tth  tUMMbahlaaae a  aaSaSaa 

msmA a g a ra lla l laaa  # f b a ttt, vkmSM mmA Waama caaa ia is»  

«SamMPel a ka a #  a  g a m lla l daaaaaa# ta  hath» « n i fS a illy *  «  '
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yaaWügAhah## Am a a w h  fS ltaaaoa  harna a  alSghk pea ttraG te t,.: •
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a c tiv ity  (Tager - riales, IM Sb)* Secondly, activa to r can 
be d e s tro y e d  by r r c c a l %  o r  lyop liilla ln ,:^  plasma w ltho-it iia- 

p c l r ln c  ttic  prot'^rom bln Icïvcl (Kaplan ■ 11%';).

T h lr^ ily , tl3ro(d:‘ir ; ,  which can lx> cuisurücD t o  c o n ta in  l i t t l e  im- 

e c o v e rta d  p ro th rosab in , s : w #  a h t^ h  a c t iv a to r  c o n te n t 

r % lcep  191C3))# L a s t ly ,  placiwi c l o t t e d  by c o a jn lo se  a^xwa. 

no 1 m s  o f  iw c t l 'r o ^ ln  aa o ccn rs  in  a  pro -t'.nr^ori^ln

cw iv e ra lcn  ( -u th lo  h Lorens 1050),

I f  a c t i v a t o r  and pzothrordbln a re  id e n t i c a l  one 

aacim e a d llT c r^ .^ t :%ot̂ 'xx3. o f  ccnvorerion to  t?v) a c t iv e  

a l o t t i n ^  a^ p n t s in ce  calolm ji io n s  a r e  n o t ro q n lre d  by coaipil- 

as©# One m s t  a ls o  G@©nir a  d i f f e r e n t  en  : -iro  ̂ u e t  s in c e  

©oajnlmse i s  n o t tn l i lb l tc d  by i%o,perln wLwoaa t : r c c i ) in  I s  

I ' l i m l l y , a c t iv a to r  does 'lo t e.p;;oar to  lie t ’X‘ ; a n t l t c t l v o  

preciiï-Sier o f  tàctlvo eoar,ul&^ae (sec p# 145 ^  mm ) as  j r o -  

t l 'i r o ^ in  i s  o f tbrosê)!';*

Tlmr© Î3  th i#  a  c o n s id e ra b le  body <sT ev idence  b o th  fo r  

ami a g a in s t  t-3C tlm t a c t i v a t o r  a:xl reot'%*o.abl;% a re

id e n t i c a l .  I t  so^i33 t e n t  t!ic r:LCG :m il: a b i l tn c o  a t

%w e e n t la  to  re g a rd  the::' a s  e lo o e ly  a s s o c ia te d  f r a o tie n s  

o f  p lasim  w hich a re  aep am h le  o n ly  'nAth d lA ? le n ity  %

(*b© r ©œKpo m n ts  o f blmarm. ^jerholm* Forgnoon T m v is  

<194?} «nd '^laXe (1949) ta\xxid t h a t  uXtboisgIt e e t i v a t o r  omx; 

ûem i v l t h  cJLtaunin i n  aaraoTil'ia gulgim W  fm o tlG g m tlo n  o f
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p9##m, t ta m  .—m a» # f ttm tV ta tm M m  Hhawxi i t  4M» b* 
«##*#i«t#a tbm jOms» sltb tiU na. % » «ot^xm «### 

m tti* , tm m w . is» MmWUPy i t  « ith  wqr «C tb# >—niBHinlwi 
«r thm bl»»a ^L#tti«# # »»»»# #mh m  t#»»W»t»p (OmWLim 
m  V jDMtw» mW», In fW t, mg/EPûmH I t  m « M|M>»t«1AM»fl 
glMWlim «temolwPiiMM by it#  r —atlon v ltb  Batjal—» uaA  
MW—It i t  T#»gBa—  «ItbQiia*» la  # lAbMP PMP#V %#%*
CIMM) fbua# 4»#t tb# —t t—ter «oat—t  of bi—d —a —a—#i, 
la  ha— jblM # axsA —#g##t#a teat mottwt— n i# *  la» ifl«Bbl—it 
« itb  tb» t— W BP # f tbpoobokin»—* %» »##alt» may, ba#- 
a#—,  tea» b»aa A— to «te üfftAoltgr »f aasa—stlng —ttaater

mékltm'm' AAMtiteMteb»%&# oljlM B.*

%aa» aioe» a ra tta  (1980a) giae t te  os— a te g iv i* -  

awgMia— «» tte  a lo ttln g  a p n t urodwed ^  3 *"^

i t  te a  @ »w aaliy  beaa aaoapta i t t e t  om  jx i& m  la  a a  —agaa, 

%te te a la  pt th la  t e l ie f  te a  ao doubt te rn  tte  £aot t t e t  I f  

t t e  tte »  fte to p  ana î sposf&û a lar@» o r m a ll q im a tily  o f 

oaagalaa# sra^jsaod t te  a t—  o f f— t ,  t te  c lo ttin g  o f piaaaa# 

b a t t te  — tta r  tea  w —r  hmn tîmro'î ûjt lc a a a ti# t» & «  Tba 

d iaooaa iy o f S n ite  & te le  (19&4} t t e t  tte  b a o te ila l t# » A # t 

a— In a o tia a  oar gg, ante i t  c le a r t t e t  t te  cnsyalc gaop—t i aa 

balong to  a o tia a  coagulaae, tu t  eaan teae tte  eaSâan»» 1» 

n o t aaay ataang* ite m * « te  aa»t t t e t  can te mi& la  t t e t
N



O .

a c t i v e  c o a j:.i3 U is c  1 b  n o n  l l a l y c K  l6  ( " H a le ,

19«S9), &n('' can bo reoovorc;"*. v l t h e . t  Io n 8 a f t e r  f c  %' 8:.iDcoon- 

Ivo  c lo t t l l lJ S  o r plB.3 Tl ''::•■ ;0r : ID v lb ). '

T f nc ac-.' C^t T .:'.::2' .̂ r̂ t -r: .?T :iC tlvo

t ’x>ro TC.,mi:ar\ tly^ o r r'-K; :x ir tr  y^lo'yo/: a c t lv f ito r

m  " eoo, " : lr  5 /. *n t'x - foc' ’̂ ■-:’  ̂r-v; o f  t': l i  : .:;:r:TO - " it \% f:

•A. e -‘ 'C l'^ le r t f o o t  coa.._:!L,.uc 0,./% ";C

ix oote-.c;: o f 0 ".c p.zr'f ^ o w rrv l m i l l  lor.

ao<.l t'-m t yliU3:3a lu  o frleo t.'v f; 1̂% e %:o\.c or o f a c t lv a to r  a t a

1 Ir  I f  ' ,"  3 .% % : .Zocc q .^ a ::llta tlv »

o a ^ rc t o f  t \ \ i  r:.-actloo  t  x'oa I 2  '.' ,:>rcl>losi

r . a c l l  n 1;:: J .rriC '':lL  ;</0o ;3o

11 eon 1:̂  folloi,30(l %yolj' "r : % t r : . . t l . : t h o  \ xo c.o o j l  lv.  

3fXr;"!Li8o ''"'0.-/ 3'-; T^lifc". ' loAT- cr: '. ' ô f l ï  I'l; I t s

R b l l l t y  ol^.t ,Tla3.:a. To O'/vlo ' v:̂  ./' r f

Ir;tc r*ru p :l!r .. tly / ro c o llo n  t t  ony pre :» tic .ili.r ot^'oo t.:- : ro 

In r  K ':^  t'^TGc 8ub3 &nco3) ,  a c t lw lô i '  Ë. 0% a c t iv e

-Is a r e s u l t  a f  t  .1: d i f r i ù -  .lvy  iv...ruu vlo'.::.: 1:

.'*-:! t 'v -  rS lee  c.^ .jc t l v n t o r ylL-S-r .Id'. ïcrc& cl'l'.':

a c t iv e  voo j.v l ._ue # .a le ÿj. vy oh: .eê o f 1 :]0 te n ù

a c t iv a to r la r i le d prcr':i're.'. ::(:

a s  t!3D j3reour8or o f  a c t iv e  coag iilaw * b u t t.?w^ oimWI. b./mt 

a c tiv a to r lad^ht q̂paXly w l l  f - j l f i l  t ills  fu n c tio n .

om iaidcrod  tb© r ô lo  o f  t 'm  t#o  o o î# o n en ta  to  l3c so
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TMMlon «C filvlaosan te *##&» Èa ## g—■»•■ mt # «S—i  

mmmOk #  «#4A— »w#aM## t o l l—  # f t —  — — — #$

#» tonft «A—  itt te# —  of' te# »###te«Kw##l##t%

■tea*  t##tei gto# # —i t —  # f « te  i — itr e£ «etdv#

##» to — *  ta  ma— # « f ##«t—  ##* — # M # # .

«— telgr a# tedlAtelcn im gtvm #f tte 

##«!##«## — m ttg o  te t te  —  te »

F w iillo iii tid? te fltttt hm# u te in i #9

to  te# te# t f te *  #«#«# «M# toeeteam ##—  # # y  I t te l#  

# » tt— t  ten# I t  S# mm—  «ten p m te tb l#  tea*

— «Ion o f « o U te tte  #m# #» 3#> to  te#v # t te» .tr mmWteto# 

te n t «te f — «ta» te *  no* @#m# to
tewnMt tent# ####eiiiaj8 to tommft ten tea# #mmaammmu*#mn

/

teatto ma&a—  ten o###tom#"te«ttoto# — iton te* g—  to 

#—toiton# tent# «—tottonm a— «pan to to#*» fteto 

— ulto to not. tern—to##, into «mb to#

'«ntto# — aato## to  to###* by #n 

ten #me##tomn«#l «mate êeeertto * to ten 

tegwa ««# on— totem # it&  » mto# to  aktotaa* ten
’ ' I :

«teU to  te â te #  #  tom—  in *  « a rto * t o  mi— a# .
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#b# fa llM * iu t  osM Pfaottto # m m  toatflB H * &» MMMHPftl*a 

te v  to y  #WwNP m#m#Àw# «# (mHO— m t « •— ft ft# —  16—  

— i p t l a n  «g «n «wg—  ## #  tto lo g io a l — may»»* to  —  

— ,  w i l f t  —  —  « r  f t# « to #  « s a p t o M i f ar w f t  m  #

«ft—  o f #»«—  «nft ooogMlo##- ftoH ag m %mg # o -

« o H iia  poptoft b# ft— oAm# oolsr «n te# oonew — W m  « f  «a»

:#f tew*o —  #m— loŸ
t e »  f b w b  — ft — ft  m #  # »  to # # #  mftftibii### o f  # - , - -  _

««ft## «oft #«##1««« «aftSl a» f«—  fo— teUn «f m V m  

«ooftmlo## «00 ft#— »to «aft te»o ««*—  te» ■—  «f
ftoteW# ««oftHto## la  te» oftxb—■ bgr teLtmttoa. tb»  ««»,  

f t l f f t o a t o f  « r  t e — p — w t le o  —  m  t e  t e »  « — gtow into « f  

toto## ft teM #i te» «MMMft « f  «ftteto# «#m#«to«« f «M» ft te
te »  aiteÉOM» JunOMMâ #» Ommmiaft «»> b l»  »mmM» M O I»»»#

p*M#nS, bat «a» te*# ftoo 4» te» «teyato aob—  «f «et—
«# «a# te »  #— «tea #«»s— te  « ftte  «»b—  te  to M »  .’:;

Sï 'A

te» «««moA — 1 ftotemtemft te# —  « f aotte»
topwft tgr te»' «pMft «ftte oftftoft ateft»— «f teftft» ' -'"'f 

« te te #  « B ft — p ito i—  « l it e te f t  fS b e te ftftftB »  ftftftâ a  t e »  # # » # »  

te ft Bttft g to# a  fteaStew# «a— » #  te »  — itlo a »  b #  te  

j — f t te a  « ftte i t e #  # » # # « #  « f  t e #  « I t e a t e o a  # — ite a m te

m

u en- i
Â mm
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#0ÊÊ##0Ê'###WÊ# #w# fta llnv* & WêêêêêiHê #### t te  flWMMbMt 

# te  & # « # at e ######&#& a te te #  #te& te  #0# m#—

Am totetete aÊittà ammgmËte## #0 0#te0Ë00È0 00# 00É#00tea 00

Wèdêûühêp #00# #0a0#teteÈ# m### M s te id  ec# te  te te h  ttte  

#0w0M— 0# 00#0O#0tem#m 0# Atom 00ÉÉa0t00^00AJttite00 M00fei0a!l 00#

— a w *  « f  M i iw « i i ig  t e *  « iX te fe  « f  a ê a to #  * w —  « r  # m h
«NH— «  l a  t e m  t e  a  a i te iw a  l a  t e l t e  t e #  # — t e e a  #g —  

t e  la —  g # a #  t e  » a # p l* t l# w »  B # te  « o t t e a t a v  a n â  — g u i* # »  

« • a i #  t e  ft— # t# # tw l t e  a t e t —  t e  t e f t t e  t e »  I t e a a t t e a  « f 
a a b Ê a #  — # u 9 # # #  t e *  » # # # # « »  # a t e  « a a u lt e  « m ü *  t e  a b te fta # *  

a â t e  « a  « a a y a ia  » # » # * t e a  t e  « b te b  t e »  « n a y a »  t e  i t e â M t e f t  

%y te »  g—  « f i t »  a a b te t^ r ## te  # •teâehtooetsrte m - 

•a teoB  tte ftte  *#»» »»% g» te  — g ite tte o .

W^mMêt

t l) «  m a#■ te ##'t  d ig —  te o te  a» — ti #*«ia#« te s te  •« & - 

ta —  » f # fttea te  aag—  hnaain te  te  » ge te  so sg **# »  g#»* 

*a # te  a —  te te ta te *  a * S7»4^» « te t l tte g  te *  w a ste *  a, 

»##<gia#»s ttte »  ®f #000 te  @000 te a f m m  tem» te a t*  

I r l l l# *  (T ad—  te  a  S##**# # teP llS a«p) «a* «aste tfa#»# 

«a* te »  # l#a# asp— a# a#a — *  a# a  #oa—  s f  sasguiaa», 

(#1* *  gsaftftg g te to to *  — gai»## m a  a#*» Item  « a l—  « f  

te #  mm ■ t ia lii te  #% gte tea» «ata» «r »•»%— •«  teste#
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m»« M lim  ft-A tr — » bnragm  #» ps #»# # m

MHAlwt a w W w /— w #  W M te  «b*  te »  # # » :# — # te »

m tto teâ  te  te ftte —  * t  i% . I t e  te  te w » . A fte »  # # # # # - 

ta iu  te #  « « ttlte ttt te »  f te te *  bgr ««ntteLtogtag te *  ##» 

—  la  # # —  bm te ftfst #  7.8« fte  «tepMMdtei te» 
te #  mt i% . fte  te  teute «ad te# «#te# m â lateAtel» 
aatepiola «#»» tea# « te te iA # * te * «ad #»###*#*» ' te l»  
gteeedtoa», *te te  Ê» « gai-te#! agp*J»#«ia» « f «te teWmft 9Ê 
Tiigw (teste), «a» ma» «e gte» — gitote g»#— ##o» «Éte 
«Ite#» laagln# fte #  MM te  te,ooô teS#» wmm fte»  « f la» 

h te tte v y  »##«#»»#» . te#  # » W te &  s u lte te » #
#Ê::'

l i f ; rii vS:"'?
■'SiS'1.̂

rC;/'
' A '" ';.±'" ■

te U — wp
. Jtojk ##»tetem#«#te te#*#:##te&te. teteÈÈÉ# '0teM#»A ### «###̂  t-te

«te pNtetetIaa, «f io tite to r fte#  temm # — »* #« #1* « f
;v :"-e n  :

' / y d - '  » 3 te # fc  t e t e  d l t e t e *  « o  # 0 #  « a #  # t e  W N #  t e l  .la »  « » ft  M  .# » *  

•MBWCTlte (telpteto «Étet, #W a# ### «■tateMan» Aft#» '
aa Ait)m«tstete » fHMi01 11 "Miteètite»«’ #A. #000 ##0000&W## Mtok 0ÉbâFli0l 
00# jËiilMMt' ÜMitenail, f  1000# ##,#« # Mttte l#V00f̂ i

« f Idbwteigter %» fite te to * tetek aantetete mm* m t lÉ ^ ; / 
m tSm *m  mt «te pl«—  «a» aoa» » f te» lateWtemy «te». # /y
##«nm<KÊ. #»m  ^BBÊSUàm « o  ■■*n— iite<«rt «A kh  «éAmAmAm - j

00# lj#f# &# A## ## 0&00##0» mjk #000 #00000##0#I0

/ÿẑ ĉ  e y ; /  te la g  fll« # te »  «»»» #te» te m te #  »m«#d to l tw  #»##».
jtetebWÉhflOF 000 tô teAte# #000 ### &#0#0&00Ê# l0f ###a»$te#
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0*35 salin© (p! 7.5 anr oontrifuglig out t:30 In-*

a o l  ib lo  m a te r ia l . Three o l'-itîo rji ^ r e  c a r r ie d  : to  t w

a total volrzK2 of 20 ?ai. olimte. Tliis o l mtr @ 

for 12 'DO'.jrs In tup w tvr to rezaove asjrxxilxru 8 nlplmte - '/))0

•silalysate tma bPcu^I'A u,. to  tha o r i . j i im l w l  o f tlio 

plasm (40 aad oes usod. aa a aourc,.: of activator I t  

was found t o  he f r e e  o f  I n h ib i to r  a@ te s t e e  Ir j t)'K; yjct/io/.'- of 

Lomlt^akl y h o b o rts  (1 ^ IG )| f o r  s t e r i l e  o % n o r l I t  was 

filtered tl2ro,.î  sintered l̂ass*

F ibrinogen s o la tio ^ i

0*5/' and a o ln tlo n a  o f p u rll 'lo d  bovine

C^rsaojrJ were uaec: l a  t l t m t i o n  a&%c!L cXotcia^-^tluD «sq/jeriiiaonta 

r e s p e c t iv e ly# ho c l o t  f o rw u  mBA tim se eolutlo iiis am.:, ©qnc.l 

mmo-mte o f  coaj.Alaeo v2»ero mlzBu av.: îrjculm tcü a t  5 ? . ■ f o r

B& lio u rs i th e  a o lu tlm is  w r o  a l s o  foimd to  bo f r e o  o f  

eoug\üLeac - l i io l . 'I to ry  e u to ta i '^ o a . hlneo i t  m.s fo..m: t.m t 

f ib r in o g e n  tended  to  ppeel^;lfcato o u t on loocpla,;, s o lu tio n s  

were p rep a red  each even ing  fo r  use tl% ag l3 o a t the  :-.o?:t clay.

/vC.tlvo  eoajvJLueom#4#,80 m#i m ■* i— « xwMfc» *#»*''
A ctiv e  cougr^ilaao was v.3ucio by lo av l.\y  a  lyLxt'orc of 

p a r ts  o f  oougidLuao azk,; a c t i v a t o r  f o r  40 lao-uz's a t  roo;:.: to .i-  

peraty^re- to  f u r th e r  fo rm atio n  o f  a c t iv e  coajaliAjao 

bbiiorved on lo n g e r  in te ra c tio n »
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M W Ê â m #  — t im  4— il r ‘ ~ — m *i------- ri^  — l ' — ^

t l t w  « r m tstv» — jito in »  tMw ^«taw i tiw ft « f wMMhwg 

1» 0»39^ w O la»  ## ta  0«68^ — l i n» •# » * 

o *x |f M— hte to t»»  f»  o*@ a&# « r —  d lW k tm  # y

'%:

S 'îl'

« e te w  mm»ûÊmm Q*9 a l. aft fttosdaagin aalm btaa wm aéâÊ*

IB—  a t 97*f̂ c, ftov 84 —  «aft ««a—  to v  

84 *  78 tn o m  a t —  t«n@«— . 

t t e  titan» aft mmmûim» wm — teiM ft t f  a  titm a tto a  

ta  « ta —  t te  tm t- te te »  «eeftateefti 0 .8  «il# aft « « « ia l 

ta g  ftS la tlo a s  aft «aagftl»»»- a  0 .8  a l#  «ft a— »• a @#8 

aft ftÊbata»#!» e a la tle e .

f te  te ite  aft a » tt—  «a» te te m ite ft. tgr a 

ta  —S»& « te  «M tt#tete» «enteSa»* » Q#8 a ft. «ft a—ta l 

ta #  ftU sa to M  aft a— t te  *  0*8  aft# aft «aain T w ii ♦  0*3 »&. 

a ft ftite ta a g fla  • — aa*

, f t e  waiftwiaail m t «te gpamtaa t M ft—  te  g la »  a  

te »  ta te a  te  aftl mtmmm a» te»  t ite » .

igi

<

i
te  8 *8  a ft. a ft a a tla »  — gutea» te  a  oftatav» aft a a te ta tte  

«oMt aaageft— »' ao— a te te #  «a m iteam  M am P aft «atea» aaa# tea» , 

a#8 a ft. a ft M te te » # a  aafta t iaa  «a#» a ftte ft* f t e  4 a  V *  te . 

t aa t"# # » a a a te te la#  te»  a ftte m * «a» tS ftta ft « a s tlft te —  •• 

4 #  fta a  t te  « te tta a l a t te  —aaaft l a— 1» « a t il an» 

a te a t»  ftte a  a la tte a #  (a»t»a«fta»8 tg

I
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an* t t o i— fte y  • — la a s w ly . f t e  t lw  m #  —  a t  «hft—  

a a to t tcuramd to  t te  mam a— —  a a W lm a  a ft a a tto a  

— #&»## o r MBa— aogto gm aoto» a— a n a l to  t t e  mam 

*#% *a  a a to tlm a . %  w p lto a to  immiidto# I t  «a» fa ta *  t t e t  : 

to #  a rra y  m # 8 ta  10 aaoaate to  « .la ttin g  tim m  ug t a t  

B toata# an* 8 ta  10 a to toaa to  a a lo ttto g  tto a  o f #  a to a ta a , 

a te#  « te  a la t aaa fa m to g  a lo a lg * f t e  a—  o f a a tto a  

aaagilaaa proa—t  aaa to m *  tg  to ta — to tto n a f to»  a la ttto g  ;1 || 

tto a  to  a « a rm  #«— g .too» team * A lto tla at  a f aa ttoa  : 

aaagola##*

I
a

-  n"m
<

V t ',
I  ÏV ,

'f t e  a ta ttto te  a f m tto a 'anaautoaa ana aataaaaaaa t«  

■m am iaa  t te  o to ttto a  tto a a  jteaadto ta to  a fta r  mÊüma g H a * 

ttom a to  a a lto a  am* a to m  to #  *& to#an#  te *  a taa ft to #  84 

te rn #  a t # 7 .8 *0 . a# a * mmm tampmmtam*

f te  a W iH lto  «ft a a tto te a r am# gatem toaa igr mftâtog 

»  fto a ft tem m t a f aamgnlaaa (a ) to  .fra a h ly  — ra d  « n i 

( t )  te  #4" te am  i# l*  d ito tto w  a f a a tlm ta r  am* mm am & ig

Agm# #&#AÈdÀato ÉÉMüil ÎMflMIlt I If l'flÉll I f  WÊÈtÊM^ #&te ####&##—#

#%tet te# m— te# a* «km teto# A#A—NteAtetoA

a f to a i mammt «T a a tto a to v  te  (a> too— to  ####— ' an# ; 

to ) 8 4 -te m o te M  dtlofclotM i a f aaagaiaaa am* mm am tog t te

%jb0&0 HflUüSlSîOBWI'#

'.tom* '# #  — a # te g  tto n a  a f  to #  to — to  g ra###8  am i

? '

ii

# W Ê È } \
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— , te» — Man p— t ftoA te» ten» oT wndU# te» 
— # —  «■— • Vite —  — # im # , t— A te  
te# te# « f — ttebln ,  te» M »alt» »— a » #1—
ptete— te  teow  «M te* la  te» te p lM l — r ite #  ifte te  19, 
p .1 9 9 ). rteng»» in  te»  — »nte»tina «T oogate#» in  te»  

■Irhi»#» tete13g 3#A te  n p— rtim » ! »ten@» la te» «anun»
« f  »»te»» »a»auli»» fte w d #  b te  « ten tm jr la » #  n te n # #  la  

te #  eewenteeASen « f a o tiv ftto y  —m»»<I w la t lw ly  « a n ll 

— # »  la  te» »— t  mt tmftim — g  1»»» gro&mmû* 
tent « f te» «ssaaiaante «—•  «nart»* ote v ite  nàate»»»

—  te d  te«n a lla » » *  te  — t  Amp 1 - 8  hnur» b—  »1- 

te n tla g  te »  n a tiv »  «aagnlaa» faavad. f t e  jte t l f l a a tln n  Amp 

tta i»  pra— M an# tte  fin c tin g  t t e t  magring te» la a g te  a f 

vaaa tino  M a» —paran t3y and» l i t t l a  dUtmmmm te  t te  amaamt 

a f  a a te te  •nagolaa» pK#âtt»»ti (»»» p . 18», ta b la  19a ). On 

— yliiig «te m m m  a ite tln g te te »  a»»»te»m»ate, tea— , i t  te» 

###» avM aat t t e t  t te  — tla a  va» bgr no aaana anaplate vA te - 

la fl tewa» »te va» in  tm t  pw— dîng d u rin g  t te  a te—g te n t 

9» te u r»  tean  t te  d ilte » *  a ite u ra a  v«#» Sn eon tae t v it'a  

fib r ia a g te . a# a  aœavfuaoa» a f tte #  fte a in g  an* te»»*#» 

a f t te  »»— » a f aavvr Sntaedvaad tg  t te  la r #  nan— p o f 

p ip a tt ia #  tte ia k  M tv a tta n  tae te igu»» ra g a ir» , i t  va» âoeMad

#0 0 M lt AnntlJM rtltflB ) 0Éf BSêÊ tiXÊàiXMKM SMSblF 0 f

aativ» aaagalaa» aatlnteian, teter» gaamtng te -m dwaeriptSan 
m â tte  pa— t a # f tte»  te te r antted -  — iagteia# »»»«# »
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ms#

jauiit •  tw  lsxtoveat!L\î  oT tiM © jg w iw a t#

arc: w orth

I t  m o fo w i: ly  rc&Jlc&t; t l tr& tlrn m  a f t e r  24» 43 and 72 

hours th a t  the  ol% tureo cont'alnln.g low o a ::c o n tre tlo c ^  o f  

aetiVRtor oJw/ed a coEutl:y.%)3 h«crease L i  hite^ of active 

ôoa<^ulaôc, whereas oo/^tal/uLa^, sz m ll o f

ooâ yhlase did not. Another of t ..c o5aar-»

V ^tioii L m t w ltli so ix t'^ca  c o a  S im ll am^uzit o f  

a c tiv e .to r  th e  t i t r e  o r  a e o a . .  julu.ac took  a 

tlzm  to  raae l: & a0%lu:..i:'3 t: B t i t r e  t lo :i  m s  o..x) a t

te  ;.uparat:ju% r a t :  AT tu:,an a t 37 «5^; • ; Lula cllfi'oroooo mas 

n o t fOTUsay with rdbcturos co italulrid littla ooajulaao*

As sm atim ad  p rev lo iza ly  ̂  i t  was fcn^..y:rit tl% .t i t  al^ÿsfc 

l>a ixkssib lo to  ccTifirc: the ro s iflts  o f tlic  t i t r a i t  iu a  o z p o r l-  

noata im l%  a  d i f fo ra n t f o r  tim  c s t iœ t ia :  o f

a o tivo  ecm̂ /:,Ouw@# since a c tive  ooa^ulase Jun c 

I lk o  aub-^taao# I t  m & ûoola&é  to  t r y  to  o a t lm te  I t  by a 

mWLlm* to  t h a t  used fm r i ..mlokf. 1042)»

T nis i^'oved feaa lljlo »  Wko.i th e  o lo t t in g  tlnv;a o f  iG-Omi 

d l lu t lo .iS  o f u e tlv #  am ^jlM Z o  wore p lo t te d  a ^ k u s t  eoz,co 

ttcKi th e  pulzAa f e l l  m  a  h y p erb o lic  cu rv e  (r'l.r.% 3). 

Provided tim t the roagpata ro im iaed  © tauie the am xm t o f



to#

I—  c—gulM» fetefe bft* —  ÊaemtA ta  eoy —  @f 

ftftfe tvfttey ftW  oftftgalftftft e e u l* too eafetamted by lateyp#3#fe- 

la g  fete — fetns fet— o f fete attscfeum fa  P lg .1 8 . 3a 

pyftofeto# ftfeftblB ppogftyftfetm# o f aefetw  ocagato— pa—  

*l£ fl0 u 3 fe  to  te fe ftta , fete ftfe ftb lltfey ve ry ia g  tdfek fete amemm 

o f fete eoftgalftfto. ? te  o n ly  pMpaorftfeiaa o f c a o ^ lfto o  0—  

tjem ft afeobl* aefelvo coogalfto* teut # awj lo o  felfem . T3&# 

Oft# teod in  fete ftw fe  ft— fm afe. In fete eoootet • ——tsMafe 

cOftgulftSft axui ftfttlfester of ogm l gofe#ooy oMfth gpto •  loo# 
ftfeftble ftofelvft eoBgalftftft warn ^aoA.

m & g p im m t.. % . .c o n g a to fto  f e t . t e f t ,  . . a i o t  e o fe im to p  fe tfe m  t o # . # #

Â ftdjtfete» o f ogtcft v— an» o f oo##lft— oaa m tivoim p 
oftft Ioffe ftfe vocM fetopomfeteft te fe il Mat olofefelag feta» te# 
wooteA ft (wfttoafe feftloft. A ftorto ft o f â tlte toas o f feM# 
odftfetae ft# ftteoa to  tobto 80 (p. 159} ofto poopftwA fto* tte  

elofefetog feta» o f e—a dtlafetoo aHunaa#* fte olofefetog feJba 
o f fete w A tt—  aALxfeute nos —  ft# fete otefefelng feta» o f 
1W% ftofeivft oftftgulaeo aw  fete feta»# fete Atffamaofe A lto * 
feloao oftftft two* to  pre-pte» ftg .to *  fo  Aofe—  fete aaaa# 
o f ftoMvft oQftgitftfte poftsftnti' la  ony atxtaro o f aafelvftfe— «a* 
ftftftsU teft fete ettefetng feta» o f fete alateare oft# fentea «a# 

tn tft—etftfeft# to  f ig . to . fftb to  %  (p. 159} aisom fete olofefetog 
felaM o f —xfeftOM o f 8 aft* o f «ofettotop vifeh 8 01* o f 
â iffftw ofe  AtlottwM i o f eoftgalftftft ofe tofeorvBla Aatog fete 84



■ : ■

197.

iæxam a fte r  alxiag* fa b te  #  (p« 160) #—  tte  c te ttto g  

tla m  a t ■ftxtttr»» o f 8 ml, o f eoagote*» nlfeh 8 aft* o f  A lffep- 

en.% Atftations o f o stiv o t—* TWbte# 8 8 - 8 7  (p* 162) giv# 

t t e  xwaultK o f tte  ste'aiUfey teate*

In  to b lo #  83 ftoa 84 (p . 161) turn g iven tte  teKWMfe» —  

« o ttv»  — g tiV ite  fe n r *  in  t te  psaeiem — mo# la m A la ta fty  

a fte r  — art rip «eut by t te  end o f 84 homra, t te  flgm m a te  tog  

eb te fite#  by to ta rp o to tio a  to  flg .2 3 *  I t  v U l te  oeilte d  

t t e t  ,;i8» tmamt a f a e tlv o  ooagalaaa fow te *  to mtoteaea e o a ta to - 

tog A tato toW ag —aait» a f eoaaalaao doamaaaa to  pro— torn 

te  tb #  daomaae to  aaa# itoaa. Sot to  aft— # aoa ta to tog  

d to l— ihiry; amw,*#* a f aoM va to r t te  «rnmma o f eaayalaaa 

foanm l mam to# oaoataat u a tift t t o  —ateae eeote to tog 80^ 

a e tiv a ta p  3a veacteft aaft ovaa to  t to  eaae o f 8*#% ae—  

t te  aaamte o f aatftve e o a g a la * favaeft tea  ftp—pad a a ly  to  

?4>* ' T tto  WÙA te  a  v te y  enavtaotog ftam m ataattoa o f t te  

te#y—a aa ttea  —  oo&lvatop oow  i t  a o t fa #  t te  « m a t f t la -  

p a r ity  to  tite o a  o f t te  te a  xaaganta* A b toaateaato* te -  

KOttoa a to h  a o tlva to #  to  g rm t oaaeao a ig te  g ive  a  a toS la r. 

pea— teamtoo a f tte #  t te  aapartoaot ftaaartoaft bel##' «a# .

à t jB w M L t -  ..JSw ,*?*— j» t» j!_ g s « x ,m ^ tg 8 ia e .B tB i,.a w g  :

: la  te fta  oapartoefl* I t  va# fta a ftfta ft t o  u ao  aotftvatee aaft 

• ttp fta o o  o f agaaft potooay a# aaoaora ft by — tto a  a f a a tt
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In tix:( otf cxooao of the otijor^ 'In*.or conM**

;:Ia ,3  I f  th e  p o a c tl :n w iw  o ..Cxvurc oC oqual

VO I c%)3 tK' actiVi-ixjir a v̂. coL:\_ wo.l-. oontaln tiic au. ïo

:^loc-.iXor concentr,. liuLi o f both ucuiu .tor c.. ,. coci.;. -.luGc-,

jre.opix.1 oqu t lo n  hiv iiq , t : ^  v d t i a l  r  a c t l  u". f o r

a bl-*itu.leenl&r reaetij.u  Ixyt/.oc.: ac'üiVL./wr a::.' coayh  

qlvv., by ©q ( JL> 5

whore '/ ^ t::c reactl...e v j lœ l t jp  t.;c- :-f..Æ'.e .lue- eo c- ritrc

tio :i o f a c tiv a to r  ̂ t:.m :,jx)loe ..lez' co/.co:.\t.:'^k'l of

eo a ja laae , f  ** t  oe reoc tiu ;.-. -vo loe I ty  couotcx J :.

o l t h a  rilxtiurc o f o q m l ,,c;rt3 o.i f  v.cLl-

va to r anUi. co&julaoe f,doi....l roue t  h o . vc^locity uu :1. 

qfvou uy equatl.r: (2>s

V ^  ,: . a # « * » » , » • * « »  yj ,  ^

vW:/ u a « 0 rr , ,

T .ftor u o... ui :uolc.e <lo;̂  co ..Cu.:oo;:;4)r

-jltb  X nolec .flee o f oai.̂ o iluoo jlo e  h .vfo*»

G ,lu3 o f activ e  coa ,̂ t..?o reactl'o - ve lo c ity  Ic  _lv- - .. L?y

oqd..hiOc, ( 5 ) :

V 4., ^ ) *  *  .1 e # 4 # *  3 :. '-. V*' _)V
wljcro w too roactl/:-o v e lo c ity  u t tluc.-, t ,  ce,.: :; -  v o 

...)Oloe_.lar e o a o o itra tl on oi' active coc j  1^\30 for-jotl

j.f p ootgevor̂  tlK) lo ltla l i.oloe iloi' eo) %;v:o:o?atl'.o;c 

of activator <v.n coa oihioe vx/i\ not 1 ontlcaf ̂  i, r  re -



16*.
• •

f
•e tlo B  «e loe itg r a fte r  t ia a , t ,  is  g lvsa  by aquabioa (4 ) t

•  K(p<c)(qpK) . . . . . . . . . . . . . . . . . . . .  (4)
— am  p  •  tb»  in i t ia l  a e la c u ia r aenoantiatK m  a f a a tla a te a , 

q •  tb a  in i t ia l  a—aeolap aanaantra tlan  o f eoagttlaao* and 

X » tb a  aMntet o f a o tiva  coagalaaa foraad la  tte a , t>

L o t na aanaidop ta o  — uaoa omad la  tb ts  a xp a ria a n t, 

an# o r a—  oanaisto  o f 8 a ft. o f 100% a e tite to p  *  8 aft* 40% 

eaagulas», and t te  o tte r  o f 8 s f t .  o f 100% oaa g ilaaa a  8 a ft.

,«f 40% ae tloa feor. Tba paaabiva v a lo c ftty  o f tes oobeocdanatod
* . % •

a e tite to p , d ilu te d  aoag—aa* nixfeupe la  g iven by eqaatioa  (5 ) «

» £(«<«}( ^ ja « a ) . . . . . . .  . .  . .  . . . . .  (8 )

abar» p . t te  in i t ia l  eanaon tie tian  o f a e tlva to p  •  a , and

q , te» I n i t ia l  ooboaateotioa o f coagula»» « a , and % •
/■

t te  amount o f « o tite  aoagulaaa fo ra o d . ■
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MLmftfttemftft# ftWftkftftftm ftft ftlh tftti #ft#ftftpftft# WêB ftp iDiD— ftPftftftft 

ft̂ Bft #m m ft#m##mm ftftte tllP * ftpA ftft ftkft# PftftppftPP# 
ftftftftBM#mP #pp fan ImBftft ftftppp# ftft iftftftftft ftp ftftp MMftftÉftft

DM### a f f t#  and P9,0f)f»', %b am  ##am f ta f ta i b# aa#̂
ppmftftpftypP ftppftpDftftP ftftft ^pppftftftft# #ft#ft ftftftftft ftftft ftft ftPpft

ftp ftpmpftftftftftftft# ftpftftftftftftft ftfftftft ftftftftftgftpft̂ Bftft ftftEftftPftktftUft 

mppp pftftp appmrnftftpm ftftMftftftftP jm«t ftft ftp A#.ftftftftft ftp f t f t f t f t f t f t f tftBP̂PPr̂ r̂ 4PmiP«̂P PPftPPftPP̂ P̂*PP(̂ F̂ ^̂FBPBPN̂BP̂ P̂̂ P̂̂ftA P̂ P̂'̂ ft’

:%

DkÉa mlMHi a AggÈmaggami DfftamJm af #wm «üiaÉ af 
Bftftftftftftftftftftftpa ftftp ftftftftftftiftft ft# ftftft jflffftflPSftftittftft ft# ftftftft*** 

pmftpp ftpft .pftppftftmftft mpft ftPftftPftPft ftft tftft ftftftftftft ftft ftpBftb

ftftft ftft M ftftftp ft ftftft f t f tm  p ftftftft ftftftft ftftftftftft ft# te ft ftftftft# ftft 

ftftPâttftft ftpftpBÉk ftpftftpft ppppmftftpft i p  f t f t  ftppftft ftjft f t f t jf t f t  #fiftPÉPpA '

#aa» ntm la #*#ba * toUi atobei af Jaflnc bto vatobto# 
pftppmmftftp p# #ftp «pftgepDpftipMp ## tftjp PBftftMftP ftftftpftftm fftftp
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In BM.aA0O* anb tb da#a nab fallna Dmft « afabmaa af an* 
f̂tlftftftft ftppftaftftftp ftftiftb PftaftblbB Aflftftftft ftpftftppftft ftpftft ftftpft
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ante I t  « z tm n a y  m liJ to ly  tü & t te a t Is ,  

a fte r  a l l ,  an U taa l jn tte m  o f e n ^ s te  ra a a tlw  n k iM  ba 

xaanifaat un&ar a tnh  aAaaraa eoo£Stlana* tte  f w -

rm tlK * o f. a c tiv e  ooagalaa* Csmi coaga laa» la  no t c^ap la te  in  

the M  bow# o f the axpnrlanu t t te  ataady ra te  o f fw a a tlo a  

a lth  d ila te  a c tiv a tw  imd the vapid fa iH a g  o f f  a lth  cop* 

raspeodlns owaaaotvatlona o f coagulaa* sm no t lu  m̂-&p:̂ uoam 

a tih  tba  ve a u lts  to  ba axpaatod in  tto  b i^ tao le co la r voaetiwa 

poatR ilatad by m l& av & ro rov (1@&@). ra a p lta  tba  advnma 

« o o d ltlflo a  o f tba  aa ya rl'm n t tbe fa c t ttm t reductton  o f  

a o tlv a to r baa la m  o f f  ea t on the c e tiv c  ecas'.Haao gpoâucad 

than a oorvoapondlng vaduotlcm  la  ooagi laaa a la c  s-v̂nam 

» ^ ia a t a b lo -e o lao a la v  v e a e tim *

Tba#a veaaSn the vesults o f the la s t too axporlotete 
to  b# dlaouaaad. Zt la  obvious fpoa Tabloa 54-06 (gp.l?5$ 
176} tha t # n a  active coagulaaa fbrsaation haa atoiapad tbava 
la  atm an&llabla activato r and coag'ilKaa in the veaetlon 
ssdxtcpo adnoa a& cltlw  of edttov eosagioiaeut ccuses fjv tiop  
active ooagalaaa to be pvonuic ad* Any explanation of th is  
ÿtoooHmon auat to  ten tative tot i t  is  a eaoaon factuve o t 

onaapap-tektalyaad réactions fo r  the mixgrma to  to  W dW .tod 

by tha pvadoata of tb a lr  ovra a c tiv ity , and th is in!d.bltl@o 
say be of the ooawatitlva type (Sxaimer & ;%tetok, 1980).

Zn th is  aasa I f  eotlvatop l a  ooawatltlvely i n h i b i t e d  ty  
aot&va aoagteeaa I t  la  not auvpeUlag th a t the addltem  PT
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RmhRHBI

I

%  #m  m »  t ie  # # &m#* km by tm km  & amm (i##*) 
th a t te a  iwaantlBW te ta a m  mteaWWe m a  #m #d m # A



r m  ■

?#

tS flo  o r  c la tt ln g ^ t im  a ria iiw w iia »  fb a  m a u lt#  e f b o te
V"t

### I»  te»

te a u # *  a te a * fey th a  m aya#» a a ttm  aff a e tW a tm .

' # ,  

"''W t
"r f t

'
s

, - \ <* ,

/f V y ) I
V '■

'À

' '’ y .1' /
f I \

I w

' A . v : ' ' k L

< ̂ W V ' t 5 " ' > 1 !
' ' ’ ,-vr,..,...... .„„.

/ ■ '< !' 
■ } ' \  i ■ V

’“l 1 ">)'• l \i V , ,
*1 t 

'' /'
' '"'' ■' ;-,•' ’"A
■< \  k, ;;
y , \'C

$ï';;̂'yyy:’:y \
/ 1 ’  ̂ , 
ü; l 'ü ' ~/4k\ k\ K

\ ‘ v ‘
■ ’

 ̂ i M".

V̂”*
V  ̂ Î.V

«

i ■- î



. '„ .. : %:nV' , .'.'r '

xawte'af

m»

%# ' ÜM» diM M W f • miMNIt ppagHHVteHl,
■Plten af mw âmeriLtoa in  am Intoeawteey

1» # aaaOey a f «tm tn a a f 
awmW, am * #aa##a# la  tel# teead# 
amtoteam of aoalan##
geateetdse m i # aate  ateraatoMi* A 
d la te a g a lte la g  A m tw oa  1# fjtma*

apoaioaa aaak in  te lte  atemlaally ia fin a i mail#
dn# WÊÊÊÊÊlÊÊ&maaa i A r  tn a o a tlg itis m  

lam  o f

4# te g m rlm m to lly , te a  po,aan# o o rti a*###: 

.« f mpgW ao In  te a  fo m a te m  o f 

oaaitetDO  m i a tta u llia o  to  met me 

o l# # *a a tii' te figm #  am ilai*

a m * a laa  

ooamo m

pMPWm ## *

#0 m aw # f a l l

ieÉMama A  

a n te la  aaa iai

mateUMmeM

# a  fm n m tia n  o f e tm ra lltw i team 

ba#' boon aaamnetoeSei b o te  la  W lteP # ami



•a d  I t  m # W m

'' y;' L

Sm «  e .  1.1,1 null— |,!.I, ,

JftKtMji ###  ##%.### # # #  111

.m&mmmÊA #*###% ## SttMSfcÈÉIF»

t . t , afA ,

V

'W è ': S Ê Ê M M é . :

'X -  -. ■miMWMSiSfi

. .  , ' ' : S Î

y#



^ ###.

Afl». #.» imImi, lU # ##te, «.«• m ti9i 9mm* am*
ü p u  %#& WêA*, h »  #0 .

a u oK a , M.Û*, to  to im , to te  *  ü to e w e » , to  twmi to mtoto s*mm*0 2li» #0.
wmasm, *»&• » ■um*. f.». itMa> #. mwto, #, i».
^ o a t ,  f  to ,  totem #, « .» • a  o t o w i,  # .a .te  ( te # )

to  to tte  to iS ., ü »  te te  
attoN oni, tern. (te&&) jr* mwi. otom, u s , %m. 
•onar, teto (iw») t*  mammu, a, «ito 
c to n y i, tote (tete) J. SMto, a ,  «te.
e a o M u i, to te  & to i i t o ,  c . ( t tm )  # . to o to #  # ,  « # .

cm###, tote, jmmmi, e«, totem, tote & tomte, W).
Ite M ) to tomto* SI» «te*

to te m # , to te , t o * * # ,  to ,  to to m , « • «  c m * # , w k
(te # # ) # . to a to , IS »  ##«.

cm m s, to te , tom , to#. & cmate, &*#• (te«a) a *  #.cite, totte* & toaiw «ocg#, |, «.
cmmpte, B. « totem, to (tete) Aaatmum #• m m *Mate Bate to#., a, Mto
totoi, ## f., «toms, to te , to te , totems.

te to rn m , # .# « , to & te , i .  *  to y te a , te te  (te#«) jr. Am Ctoat.90»., a, #«#.
to#»»#, to, OtoSm, A.te & tototn. A,#.#. (Ito?)Btoatom jr., a, ##o 
com», «•«. (teu) f* Btote aaato, a, #i.

L, B (te#) f Btote aaato, ##, m«*
«•to (te##) môÈÊf* Bab# I laaaaAtanto, 

to  to ## .»  11» ##<



m

À."'

■}V V:.'

190.
,  R # . m m  $ . w to  ctem . # # . ,  m »  «m .

,  te » , (te # # ) 9 . m m . b m * . ,  jg ,  mm 
6SMMI», !..»• *  atepaar ,  J#*.te (1998) 9* # # ., # ,  100* 
emam, m.m# » tmwnii, Tj#xm (iobo) mm##, im . # # .
« E im , S.9» m iw m », !••&• # # # ) 9* mm* m ow M #.# g# oo* 
wammÊmm»&*9* m m i # . m m . m#o.» m * # -  

«MBBW, ■* (lOBT} m. m ato, # ,  491.
ymmo, # . OBsmwdom, o .». asso) m it. 9» m m * mm»*

Jfi, «90.
m am o, »* 0 BÊWmrn##, @.a. n » r }  wm » 9» m m * mmm*

lô »  *■»'•
BâHMOWB, torn., m g ##, #.#.«.0.' & 0W 9tom , 

to n  (1990) a »  4 # .
pzsflM i» to to  iimmi m u .  9mm * # m #  mmp*» a »  # # .  

K M K , A .to  (1 9 9 # ) m m . # # •  # # k #  # # . ,  a »  # » * r/d

9&0IR. A. A## ##. ■lewaOSoâ. iamto, ### lt«, l<

m m , to#. (10##) m m * 9» « # # •  m # .. a  ###'
•u s , S.F. (te im i n  mm. m oMtson, i ,  ss* 
m m , to n  ( im # )  #  # » .  * e » # W L ., « y .

m is , # .# . ( im m ) m w # , i a ,  «sv.

« S I, • # .  #  m w w u , t.to  (IM ?) f#  «m . Iim o u rt ,  &  # #  
•u s , • # .  A B tA w U . A.tf. 0 # # ) 9»  i w t o ,  a  : #
m is , ssr. # «mto», to#. uoM ) mm##, ia »  •##.
•us» s .# . 8 3 . ciour) 9 * mm» mwnmtuu, g , s ia .
m u # # , A (im A ) ##&%. t»  % # .,  2 1 , 409. . -

«#908, o. (19#) Aan. XM t. Matm #, # ,  14.



\ V

y y

'-'yy

y i

S:yr

. 'CÏ&A'
V ,  ■
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