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Crystalline papain 
VI. E X T E N S I V E  S'I'I£1P\VISE HYDI{OI~YSIS OF MEt{CURIPAI~A1N BY 

I .EUCINE A M I N O P E P T I I ) A S E  \VITHOITT I.OSS ()F PROTI~2OLYTIC . \CTIVITY* 

Highly purified ieucine aminopept idase (t.AP) trom swine kidney 1 can liberate amino acids 
sequentially from the N-terminal  end of synthetic peptides, oxidized A and B chains of insulin, 
and a number  of proteins2, a. I t  has already been reported tha t  with low concentrat ions of LAP, 
19 residues are liberated from enzymically inactive mercur ipapain  (MP) 4 in essentially stoichio- 
metric amoun t  in 2 4 hours,  with no loss in activity of the degraded papain after removal  of 
mercury2, a. The molar  ratios of the amino acids liberated from MP (lifter markedly from the 
molar  ratios of complete hydrolysates  of intact  MP. Instead of the original N-terminal  residue 
of ileu identified as the dinitrophenyl (DNP) derivative 's, the degraded residual MP when treated 
with fluorodinitrobenzene (FDNB) 6 gave no DNP-ileu but  most ly  DNP-arg,  some DNP-phe  and 
traces of DNP-ala,  DNP-asp  and DNP-gly.  

I t  was though t  at first tha t  LAP couhl renmve only t0 residues from the N-terminal  end 
of MP. I t  has now been found tha t  
more extensive degradat ion of MP 
can be accomplished when a higher 
ratio of LAP to MP is employed. 
Fig. i shows the extent  of hydrolysis 
of MP in 2 4 hours with different 
ratios of LAP to MP, as measured 
by  a colorimetric ninhydriu method 6. 
Since the increased ninhydr in  color 
is due entirely to free amino acids 
and not  to peptides, the number  of 
residues liberated is assessed on the 
basis of the color yield given by 
leucine. Since leucine gives maximal  
color yield with ninhydrin and a few 
amino acids give lower color yields, 
e.g., proline, the number  of residues 
lit)erated may  be assumed to be 
minimal. LAP is thus  able to proceed 
stepwise through 12o of the t8o resi- 
dues present  in the single peptide 
chain of MP**. Control samples of 
MP wi thout  LAP or of I .AP without  
MP show no change in ninhydrin 
color under  the same conditions. 

The striking feature is tha t  after 
removal  of mercury all the degraded 
prepara t ions  of MP exhibit the same 
molar activity towards  benzoyl-L- 
arginin-amide (BAA) as do undi- 
gested, control samples of MP kept  
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Fig. t. Amount  of hydrolysis given as moles of amino 
acid liberated (from ninhydr in  color) per mole of 
mercuripapain.  Molar rat io of enzyme (LAP) to sub- 
s t ra te  (MP) given as E/S on the basis tha t  the molecu- 
lar weight of LAP is 15 t imes tha t  of MP. Ex t en t  of 
hydrolysis was determined after incubation at 4 ° °  C 
for 24 hours at p H  8.5 ~4--o.1 in the presence of 
o . o o l M  MgC12 and o.oo52!4 Veronal or Tris buffer. 
Highly purified preparat ions  of LAP 1 were used after 
t r ea tment  with diisopropyl f luorophosphate (DFP). 

under the same conditions***. "rests with MP prepara t ions  (after removal  of the mercury) which 
had been degraded by 19 or 39 residues show no change in absolute or relative act ivi ty toward 
other  synthet ic  subs t ra tes  for the enzyme, e.g., carbobenzoxy-L-glutamic acid diamide, h ippuryl  
amide and carbobenzoxy-z-leucinamide.  More extensively hydrolysed prepara t ions  of MP have 
been tested thus  far only with BAA as substrate .  

Fu r the r  evidence tha t  MP is extensively hydrolysed was obtained by the D N P  method. 
After an apparen t  removal  of 39 residues by LAP and separat ion from the liberated free amino 
acids, the residual MI'  was treated with FDNB,  the DNP-pro te in  hydrolysed and the D N P  

* Aided by a research grant  from the National  Ins t i tu tes  of Health,  U.S. Public Heal th  Service. 
* *  Papain is assumed to consist of a single peptide chain because of the presence of only one 

a-amino group 4. The molecule does not  appear  to contain disulfide bridges as judged by the 
agreement  between the total number  of sulfhydryl  groups and the recovery of cysteic acid from 
preparat ions  oxidized with performic acid (E. L. SMITH, B.  J .  FINKLE AND A. STOCKELL, Dis- 
cussions Fa raday  Soc., August  1955, in press). 

"** Assays for papain activity were performed as previously described< LAP has no activity 
towards BAA 1 and is completely inactivated under  the conditions used for the papain assay. 
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amino  acids i sola ted bv  the usual  met t lods.  No DNP-i leu,  the  or iginal  N- t e rmina l  residue, or 
DNP-arg ,  t l le  p r e d o m i n a n t  end group found af ter  r eumva l  of 19 residues,  could be de tec ted .  
lns tead ,  large a m o u n t s  of DNP-va l ,  D N P - a s p  and smal ler  a m o u n t s  of DNP-ser ,  D N P - a l a  and  
l )NP-g lu  were found. A m i x t u r e  of end groups  is to be expected,  since the  enzymic  deg rada t i on  
by L A P  progresses  s tepwise  and i n d e p e n d e n t l y  in each molecule  of MP. 

F rom these expe r im e n t s  we can conclude t h a t  the  ac t ive  si te of papa in  is i n d e p e n d e n t  of 
aud  d i s t a n t  from the  N- t e rmina l  emt of the  p ro te in  molecule.  J u s t  how large the  ac t ive  si te 
m u s t  be has  sti l l  no t  been d e m o n s t r a t e d  b u t  the  r e m ova l  of a p p r o x i m a t e l y  i2o :~ IO residues 
(Fig. 1) of the  or ig inal  18o in the  pro te in  s sugges ts  t h a t  even more  ex tens ive  deg rada t i on  to an 
ac t ive  residue m a y  be possible. Q u a n t i t a t i v e  ana lyses  are now in progress  to de t e rmine  precisely  
the  amino  acids l ibe ra ted  and  the  compos i t ion  of the  undegraded  p a r t  of the papa in  molecule  
a t  different  s tages  of degrada t ion .  The above  expe r imen t s  d e m o n s t r a t e  the  g rea t  u t i l i t y  of an 
enzyme  such as L A P  in the  deg rada t ion  of p ro te ins  and  polypept ides ,  which can l ibe ra te  all  
amino  acids n o r m a l l y  presen t  in prote ins  only  by  hydro lys i s  a t  a bond ad j acen t  to a free a -amino  
group. However ,  i t  should be emphas ized  t h a t  not  all  na t i ve  pro te ins  are r ead i ly  suscept ib le  to 
the ac t ion  of LAP,  e.g., h u m a n  serum a l b u m i n  is not  a t t a c k e d  by  L A P  bu t  is h y d r o l y s e d  af ter  
ox ida t ion  wi th  performic acid. In  add i t ion  to i ts  use as a r eagen t  for s t u d y i n g  the  re la t ionsh ip  
be tween  pro te in  s t ruc tu r e  and  biological  ac t iv i ty ,  L A P  is be ing used in our l a b o r a t o r y  for the  
d e t e r m i n a t i o n  of the  sequence in po lypep t ides  and  pro te ins  by  s tepwise  m e t h o d s  ana logous  to  
those in which c a r b o x y p e p t i d a s e  has  been usedg, 1°. 

L imi t ed  pro teolys is  of a number  of enzymes  w i t h o u t  loss of a c t i v i t y  has a l r eady  been 
accompl i shed  in o ther  cases. For  the  au to lys i s  of pepsin  u and the ac t ion  of subt i l i s in  on ribo- 
nuclease 12, the  sites of ac t ion of the  pro te inases  are unknown.  \Vi th  ca rboxypep t idase ,  r emova l  
of one or a few res idues  from the  C- te rmina l  end of lysozyme  la and  r ibonuclease  14 does not  influence 
tt ie enzyme  ac t iv i ty .  The ex tens ive  de g ra da t i on  of some enzymes,  e.g., p a p a i n  and pepsin,  t aken  
in con junc t ion  wi th  evidence t h a t  r up tu r e  of m a n y  non-cova len t  bonds  does ~aot inf luence the  
a c t i v i t y  of r ibonuclease  I5, ind ica tes  t h a t  i n t ac t  p ro te in  s t ruc tu r e  is no t  essent ia l  for enzymic  
ac t iv i ty .  Such s tudies  offer fu r the r  suppor t  for the  concept  of an " a c t i v e  s i t e"  which does not  
requi re  the  p a r t i c i p a t i o n  of more  t h a n  a pa r t  of the  en t i re  pro te in  s t ruc tu r e  of an enzyme 16. 
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