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SUMMARY 

A method is described for isolating staphylococcal coagulase. Fraetionations are 
carried out with arnmoniun~ and cadmium sulfates at various pIl. The partially 
purified enzyme is then subjected to chromatographic procedures employi~lg calcium 
phosphate. A material which migrates as a single component under the coP, ditions of 
electrophoresis is described. The coagulase activity of this enzyme is greater than 
any previously described. 

] NTRODUCTION 

In 1935 XVALSTON 1 demonstrated that cell free filtrates of Stafllo,lococcus aure~s arc 
capable of coagulating oxalated plasma. Sul)sequent at tempts at purification have 
met with only partial success =, 3. Our present work has led to the isolation of ti~is type 
of coagulase which has more activity than the best previously reported preparations *. 
The physical properties of the present material indicate, moreover, greater homogenity 
than those of previous investigations. 

MATERIALS AND METHODS 

Previous workers have utilized serum "~ and tissue infusion enriched w, edio for the 
growth of staphylococci in order to obtain maximum yields of coagu]ase. We have 
preferred a liquid peptone medium, because it lends itself more readily to purification 
procedures, even though the enzyme yield is less. Tryptose broth (])ffco) was used 
exclusively for growing Staplo,lococcm a~treus (TAGER'S Strain ") and was preparedil~ 
a concentration of 26 g of dry powder/]. This was enriched with crystalline thiamine 
(5 mg/1) and the pH adjusted to 7.2-7.6. 15 1 of broth were inoculated with activel$- 
growing staphylococci (in broth) and incubated at 37 ° for 72 1,. with occasional agit,o.- 
tion. A crude cnzyme preparation was made by fractionating the medium with 
ammonium and cadmium sulfates (see flow sheet). 

The crude enzyme was then dialyzed against o.ooi M phospha+.e buffer, pH 6.8. 
I t  was then passed over a calcium phosphate hydroxyapatite chromatographic 
column prepared ,according to the method of TISELIUS 7. Th.e colunm was wash,.'d in the 
cold with o.ooi ill phosphate buffer steps in increasing increments of o.o2 !lS. Each 

* Current address, Departmer, t of ]?~tl~ology, University of Louisville M'edicai School, ]Louis- 
ville, Kentucky. 
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FLOW SHEET 

Cultured medium 

124o g Centrifuge × 

Precipitate (largely 
bacteria) discarded 

Precipitate 
I 

Dissolve in ~ minimum 
quantity of 3.2 % Na citrate 

l 
Add 2 volumes cold 

o.oi M CdSO 4 adjust 
t o p H 5 a t 4  ° , 24h  

I 

Centrifuge 124o × g 

Supernatant 

Saturate 30 % w/v 
(NH4) 2SO~ allow 
to stand 48 h at 4 ° 

Centrifuge 124o × g 
3 ° min 

Supernatant 
(discard) 

Precipitate 
(discard) 

Precipitate 
/ 

Dissolve in a minimum / 
quantity of distilled H~O l 

Coagulase-(NHa) 2SO4 solution 

Supernatant 

Adjust to pH 6.8 
Saturate 3o % w[v 
(NH4)~SO 4, 4 °, 48 h 

Centrifuge 274o X g 

Supernatant 
(discard) 

Dialyzed exhaustively against distilled H20 
to remove all ammonia. This is known as 

"crude coagulase" 

elution was accomplished by  allowing a volume of buffer equal to two times the volume 
of hydroxyapati te  adsorbent to flow through. Each eluate fraction was tested for 
coagulase activity by incubating with stored human plasma. The coagulase activity 
was confined to one or two steps of elution. The point of coagulase elution was deter- 
mined for each batch of hydroxyapatite.  

The fraction containing the coagulase activity was dialyzed exhaustively against 
distilled water. This solution was then lyophilized. A sample of the lyophilized material 
was ~ubjected to paper electrophoresis in barbital  buffer at pH 8.6. If two components 
were present, the material was redissolved in phosphate buffer and rechromatographed 
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through a fresh h y d r o x y a p a t i t e  column, The act ive fraction obtaTned h-oITi the 

adsorp t ion  and elution a lways  consisted of a single component  wbe~ e,-:~n~}ned b:/  
paper  electrophoresis.  ]£]utio~ of this mate~iaI revealed unifon~, ac t i ' ; i ty  h~ the 
ac t iva t ion  of fibrJnoge~. 

RESULTS 

The average yield per  t5 ] ba tch  of medium was between 20 and 3 o n-ig of ]yophi]ized 
mater ia l ,  This represented  a two-hundred  fold pm:ificatJon of the  enzyme oJ~, !he basi,~ 
of d r y  weight of protein  ( t r ichloract ic  acid  precipi ta  ble) af ter  the removal  of bacter ia ,  

Examina t i on  of ihe  purified enzyme prepara t ion  b y  the moving boiJndary me thod  
in o.z ionic s t rength,  p H  8.6 d i e thy iba rb i t u r a t e  buffer revealed  a component  migra t ing  
at  - -  I . I .  Io  -'~ cm 2 V ~ see -~ (see Fig. ~). The same n~ateria] wa~:, e:<amh'~ed h~ i:he 

:KJg, ~. Descending e]ectrophor<Nc bou~:dar.'{: ol 
enzyme ill pH 8.6 veronaI b~N~eJ. ]5~iratioi~ of 
experiment was I~3 rnb~ ~H: ;~ potentia,l gr;~dier,,t 

of 4.5 V/cry:, 

Spinco ul t racentr i fuge,  A single component  t lmt  showed considerable 7)oundary 
spreading dur ing the exper iment  is evidenced b y  ]:%, 2. The average sedimcntati0i~ 
cons tant  for this  mater ia l  was ~ .o , ro  -j~ em sec -~. Assuming a spherical  shape %r the 
molecules in quest ion a molecular  weight  in the range of 5ooo is obtNned,  

Samples  of enzyme were s~Jbjected to micro-Kje]dahl  a,nal3:~is for percent  
. . , ,  6) " ] nitrogen.  Mean values for ni trogen were z6.8 o/~;. Activit, v was det,,rmmec] o1~ the basis 

of d ry  weight of purified enzyme. A reactiol~ mix ture  was set up which consisted of: 

Staphylococcus coagu]ase h~ 3.o o//o albumin 0. 5 ml 
Fibrinoge~o (Bo~dne) ~:.o %{~ o, 5 m] 
HumaJ~ p]asma, J :Ioo (H~O) o.z m] 

R I  rn] 

The d i lu ted  plasma, was added  to supp ly  the min imal  q u a n t i t y  of coagulase 
reac t ing  factor  s,s necessary to complete  the react ion rapidly .  Th(: rea,;don mix ture  
was incuba ted  a t  37 o. The e~nd point  l~sed was the t ime necessary to form a complete  
clot which was res is tant  t:o ag i ta t ion  and would allow inversion of the t~fi)e. At  ;~ 
concentra t ion  of o.:~/,g of enzyme a complete  clot was observed ",~ithin ~ooo rain 
(see Fig. 3). At  a concent ra t ion  of o,o~: b~g of enzyme a clot was observed,  bl]f dii:l not  
occupy  all of the reactRm mixture .  
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(a) (b) (c) 

Fig. 2. U l t r acen t r i f uge  p a t t e r n  of en-  
z y m e  in 0.2 ionic s t r eng th ,  p H  7.4 
p o t a s s i u m  p h o s p h a t e  buffer .  E x p o -  
sures  a t  32 ra in  in t e rva l s  a t  59,38o 

rev.  [min.  

(d) (e) 
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Fig. 3. Ac t iv i t y  of S t aphy lococcus  co- 
agulase  p e r  un i t  d r y  wt .  

DISCUSSION 

Although two criteria for purity have been satisfied (electrophoresis and ultra- 
centrifuge data) insufficient evidence is presented here for a guarantee of purity. The 
boundary spreading seen in the ultracentrifuge can be explained by the small molecular 
size of the enzyme and subsequent diffusion. However, an alternate explanation is 
the presence of a large family of molecules of similar size. The small molecular size 
of the enzyme (smaller than any other enzyme previously reported) raises the 
question as to whether the isolated substance represents an active degradation product 
of the enzyme originally manufactured by  the cell. This is plausible in view of the 
proteolytic enzymes present in a medium which contains a large population of cells. 
If  this were so, variation in molecular size might easily be expected. 
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SL-MMARY 

A technique is described whereby SH compounds may bt ~ detected o1~ paper chroma~o-.- 
grams. The technique Jnvoh;es soa.kJn~ the chromatogram in a liquid " "~' - ~, 
that the energy of the disintegrating tritium atoms is converted into light whJc]? b: 
detected by a film. Thus a weak ;.°,-particle fs converted into light: quanta ",vhJeh ca.l~ 
travel into the film to produce an image. By the use of fast film, ~;mali amounts of 
:~tI compounds can be separated and identified hi only a few days. 

INTRODUCTION 

Hydrogen Js an element of fundamental importance in biologieai processes )k is 
therefore important to have a method for studying its pathw~,y thror~gL iivi.,sg 
systems. Paper chromatography '~ is an extremely powerful technique for the separ;~- 
tion of complicated mixtures of compounds and lnas found much applicath;n du the 
field of biochemistry. One of the greatest problems of paper chrorrlatograph}; 7s ti~,< 
detection of the dndividual c o m p o u n d s  o n  the paper. This has been done by spraying 
the paper with suitabIe chemicals which develop co]our reactions x~ itI~ the compound?. 

* A b r i e f  a c c o m l t  of  t h i s  tec]TnJque 5 a s  b e e n  p u b ] i s h e d K  
** P r e s e n t  a d d r e s s :  Che~ i. D e p t . ,  \ : J c t o r i a  U n i v e r s i t y  of  \ V e N ] n g t o n ,  \\'eilJ~2-i:o"<L N e w  Zea . la~d .  

*** I n s t i t u f . e  o f  N u c l e a r  8 c i c r l c e s  ( ]o~ f i r i bu t i on  No .  6 4. 
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