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The specificity of collagenase 

Collagenase is known as a proteinase with a very high degree of snbs t ra te  specificity; 
in order to e lucidate  the  na tu re  of this specificity, earle,as syn the t i c  peptides have 
been invest igated as subst ra tes .  

M.~,',,'DJ. el  a l .  1 test6d Leu.  Pro" Gly, Pro.  Lcu,  Gly.  NH 2, Lcu.  Phe .  Pro, Leu .  Phc - 
Pro '  OCi-I 3. polyproline and  several proline- or hydroxyprol ine-conta in ing  dipept ides;  
(]ALLOP dt a 1 3  tes ted  polyproline and  some origopeptides;  MONIER el a l .  a and  BID~VELL 
AND VAN HF.YNINGFN 4 t r ied a large number  of syn the t ic  subs t ra tes  with a crude 
collngenasc. None of tLese compounds  were hydrolysed.  I t  has also been es tabl ished 
tha t  among proteins only  collagen and  gelatin are a t t acked ;  c~sein, hemoglobin,  
serum albumin,  tibrln, kera t in  and  elastin do not  react.  

We have also inves t iga ted  several syn the t ic  pept ides  of the  type  G-P-Rs, 6 as 
po.~sible subst ra tes  for purified eollagenase 7, namely  Pro" Leu-Gly*, Gly .  Pro-Lot# ,  
poly (Pro. Lt,u- Gly) wizh aver:t go molecular  weight s of 3ooo, and ( ;ly- Pro. !,eu. Gly- 
Pro.  NH 0'~. I t  was found t h a t  the  purified collagen~se was able to hydro lyze  the  la t ter  
two synthet ic  peptidcs. Tim method  of synthesis  of these peptides,  which are mede | s  
for coI}ag~u, has been lmblishedS. Their  characteris t ics  will be publi.nhed elsewhere 9. 

After  hydrolysis  of poly (Pro. Leu-Gly)  with col]~lgenasc, three  peptides were 
found on paper  chromatography ,  with the a mine acid sequence Pro. Leu .Gly-Pro .  Leu,  
G, ly .  P ro -Leu  and C, l y - P r o - L e u - G l y  respectively.  The molar  rat io for these peptides 
was o .8 : : t9 : i .  No free amino acid could be found among the  products  of digest ion.  
I t  is evident  t h a t  the fir.~t pept ide was der ived from the N- te rmina l  por t ion of poly-  
(Pro-Leu-Gly) ,  and th<: third from the C-terminal  portion, and  that  the polymer was 
almost  completely split into t r ipept ides.  The molar  rat io of Gly- Pro- Leu to the te t ra -  
pcptide der ived fronl the C-terminal  port ion was larger t h a n  the ca lcula ted  ra t io  for 
the melee ' l iar  weight of 3000 of the polymer  used. This d iscrepancy m a y  be due to 
poor recovery of peptides from the  ends, or due to an error in the  de te rmina t ion  of 
the average molecular  weight,  or both.  There was no, evidence of the appearance  of 
Pro.  Leu.  

Since no glycine and  Pro.  Leu were found among  the  p reduc t s  of digestion,  and  
the pcn tapep t ide  from the N-terminal  por t ion and  the te t rapep t ide  from the  C- 
terminal  port ion were found in comparable  amounts ,  it appears  t h a t  collagenase does 
not  a t t ack  P r o - L e u . G l y .  Pro.  Leu, in which the imino group of N- te rmina l  proline 
is unmasked.  It can be fur ther  concluded t h a t  the  presence of an imino acid only  
in a positiot~ penu l t ima te  to glycine does not  sa t is fy  the specificity requi rements  of 
collagenase, and tha t  two proline residues in the sequence Pro .  R . R ' ,  Pro are required.  

G ly -P ro .  Leu" Gly .  Pro.  N H , ,  which from the  above considerat ion should  be the  
simplest  subs t ra te  for collagena.se, was incuba ted  with purified collagenase. B y  paper  
electrophoresis and paper  ch romatography ,  it  was found tha t  t~is pept ide was split 
into two pcptides with amino acid sequences G l y - P r o . L e u  and  Gly .  P ro .NFl  v re- 
spectively.  No free amino acid was found.  

The above, results are consis tent  wi th  the conclusion tha t  the  sequence Pro- R . R  r. 
Pro is necessary in ~, substrc.te for collagenase. Other  possibilities are, however,  no t  
yet  complete ly  excluded, and  the s t u d y  of the  na tu re  of collagenase specificity is 
now in progress. Resul ts  on the  eollagenase digestion of purified ra t - ta i l - tendon 
collagen", are in agreement  with the present  results.  
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Some chemical changes associated with prothrombin act~'~ration 

In the ac t iva t ion  of purified pro thromMn prepar~rti,m~ .~everaI s tages in tile develop- 
merit of th rombin  ac t iv i ty  have been recognized t. First,  p ro thrombin  loses the ca- 
pac i ty  to become thronlbii~ in the Frcsence of lung thromboplas t in .  Ac-globulin and  
Ca ++ (z-stage analy t ica l  reagent.~). Then tile protein regains its sens i t iv i ty  to th~:.~e 
substances ,  and  last ly th rombin  ac t iv i ty  arises. The sequence which accounts  for 
exper iments  completed thu.~ far m a y  bc described as follows: Pro thrombin  (sensitive 
to Ca ++ + Ac-globu!in -i- brain thromhopta~tin)  --> Pmthrombin-der iva t ive  I (not 
sensitive to Ca ~ - . !- Ac-gtobulin + brain t hlxmabopl:,~ii,u -~ Prothrombin-der iva  t ire 
I I  (sensitive to Ca++ -+- Ac-glohulin : I,rain thrombopla , l in)  --- thrombin and other 
react ion products.  

This unique capac i ty  of the zymogen to undergo modifications implies an inter- 
mediate(s) in tt~e ac t iva t ion  process. For ii;s~,,ncc intermediati~s |lave been ft~un,[ in 
the au toca ta ly t i c  ac t iva t ion  of prothroml~in in 25 '7,, stadium citrate". We have now 
found  tha t  the first s tep in pro thrombin  ac t iva t ion  is ;tssoeiatcd with the appearance 
of N- terminal  proli~te, and  this  is t rue with the use of three di[fcrent mater ia ls :  
namely ,  th rombin ,  puritied platelet  factor  3. and  scdimctttablc tung thromboplas t in .  

In the ac t iva t ion  with sedimentablc  lung ext rac t  thromboplas t in  (x mg/ml) and 
Ca ++ (o.o23 M) about  5 o %  of the prothrornbin (2oo0 units/rot) was conver ted  to 
th romhin  in 5 h, and  tile remaining prothromt~in became a derivat  ire (not conver table  
to th rombin  in 2-stage ana ly t ica l  reagents).  We then removed the thromboplas t in  
by  high-speed centr i fugat ion and  precipi ta ted the protein by adding acetone to a 
eoncentra.tion of 50 % at 0% TI~e precipi tated protein wa_~ dried fr'.~m the frozen s ta te  
and  was found to conta in  N-terminM proline and  glutamic acid. From other  experi- 
ments  it is known tha t  the N-terminal  amino acid of bovine pro thrombin  is alanine a 
a n d  for th rombin  it is glutamic acid L A non- thrombin  derivz~tive of pro thrombin  
thus  has proline as the N-terminM amino acid. 


