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Chromatography in butanol-acetic acid-water (4:1:5, by  vol., upper phase) was 
carried out after peptic digestion for I, 3 and 24 h. Fig. 2 shows a radioautograph 
of a chromatogram of a 3-h digest. Peptic action on the esterase peptides shown 
appears to be complete after I h. The probable identity of the major peptides from 
the sheep, horse and pig enzyme was substantiated by two-dimensional paper chro- 
matography (butanol-acetic acid water; then butanol-pyridine-acetic acid-water, 
15:1o:3:12, by vol.). Similarly, the major peptides from the two ox enzymes were 
shown to be identical. From Fig. 2, it is clear that  the peptic peptides of the two ox 
enzymes are different from those of the chicken and also from those of the sheep, 
horse and pig enzymes. 

Partial acid hydrolysis of the [a2p!DFP-labelled liver carboxylesterases pro- 
duces the same set of radioactive peptides. Therefore, the sequences close to the 
labelled serine are the same in each case. The orange-skin esterase, however, while 
probably a "serine" enzyme (Fig. i), clearly gives a slightly different pattern. 
Differences in amino acid sequence near the labelled serine of the liver carboxyl- 
esterases are revealed by the differences in chromatographic behaviour of the peptic 
peptides. These sequences are under active investigation in this laboratory. 
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Chemical derivatives of subtilisin Carlsberg with increased proteolytic 
activity 

During investigations of the significance of the functional side-chain groups for 
the stabili ty and activity of the subtilisins (subtilopeptidase A, EC 3.4.4.16) it has 
been found that  carbamylation of subtilisin Carlsberg and subtilisin Novo reduces the 
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proteo ly t ic  ac t iv i ty ,  which can subsequent ly  be res tored  by  t r e a t m e n t  wi th  hydroxy l -  
amineL Succ inyla t ion  of the  ,~'-amino groups of subt i l is in  Novo does not  a l ter  the  ac- 
t i v i t y  of the  ~ " enzyme ~. 

In  the  presen t  communica t ion  we repor t  tha t  n i t ra t ion  of subt i l is in Carlsberg 
with t e t r a n i t r o m e t h a n e  following the procedure  of SOKOLOWSKY, RIORI)AN AND 
VaLLEI~: a leads to a s t r ik ing  increase in ac t iv i ty  towards  the subs t ra te ,  clupein. Maximal  
increase in ac t i v i t y  (6- to 7-fold) was ob ta ined  af ter  I h of reaction.  At  this  stage,  
amino acid analysis  showed t h a t  6 tyros ine  residues out  of 13 were n i t r a t ed  while no 
evidence was found t h a t  o ther  amino acid residues were affected. Tha t  the  increase 
in ac t iv i ty  was connected  wi th  the  modif icat ion of ty ros ine  residues was confirmed 
by  t r ea t ing  subt i l is in  ( ' a r l sberg  with  iodine under  condi t ions which minimize react ion 
with groups  o ther  than  ty ros ine  4. Again,  a 6-fold increase in ac t i v i t y  tmvards  clupein 
was observed,  Final ly ,  it was found tha t  succinyla t ion  of subt i l is in  Carlsberg s imi lar ly  
increases the  ac t iv i ty  towards  clupein by  a fac tor  of 6- 7 (Table I). 

T,\BI,E l 

INITIAL RATES OF HYDROLYSIS EXPRESSED AS / / e q u i v  H + / n q i n  PER I l lg  ENZYME PER m l ,  OF VARIOUS 
SUBSTRATES \VITH NATIVE AND MOD1FIED SUBTILISINS MEASURED \VITH THE pH-s ' r ,xT  TECHNIQUE 7 

Concentration of clupein, casein, and gelatine: o..~-o,..,o. Concentration of BTEE: 2. 5 raM. Tem- 
perature 3 o°, pH 8.0. 

C]~tpein Gelatine CaseD~ BTE/~2 

S u b t i l i s i n  C a r l s b e r g  42 5 ° 9 o  20 
S u c c i n y l a t e d  s n b t i l i s i n  C a r l s b e r g  29 o 320  i i o  2 ;  
Nitrated subtilisin Carlsberg 260 ~6o 11 o l 7 
Iodinated subtilisin Carlsbcrg 2(~o t7o 8o t9 
Subtilisin Novo 387 ~ 7 o 90 5 
Succinvlated subtilisin Novo 40o 8o 80 5 
Nitrated subtilisin Novo 40o r2o (~o 4 

"File observed increase in ac t i v i t y  was not  due to a non-specific effect of the  
reagents  since the  ac t i v i t y  of subt i l is in Novo was unchanged  b y  n i t ra t ion  with t e t r a -  
n i t romethane ,  even af ter  a react ion per iod of 24 h dur ing  which four out  of th i r teen  
ty ros ine  residues were n i t ra ted .  Also, when iodinated ,  the  ac t iv i ty  of subt i l is in Novo 
was largely unchanged  if  no more t han  4 moles of 12 were in t roduced  into the  molecule, 
More extens ive  iod ina t ion  r ap id ly  i nac t i va t ed  this  enzyme.  

In  order  to tes t  whether  the  observed increase in ac t iv i ty  was specific for clupein 
as the  subs t ra te ,  two addi t iona l  pro te in  subs t ra tes ,  casein and gelat ine,  and  the  ester  
subs t ra te ,  N-benzoy l ty ros ine  e thyl  ester  (BTEE)  were tested.  As seen in Table  I, the  
ac t i v i t y  of modified subt i l is in  Carlsberg is essent ia l ly  unchanged  towards  casein and 
B T E E  while an increase is found towards  gelatine.  

RIORDAN AXD VaLLEE 5 have found a re la ted  phenomenon  wi th  ca rboxypep t i -  
dase A in which a modif icat ion of 2 ty ros ine  residues increased the e::terase ac t iv i ty  
~)f the  enzyme 6-fold and decreased the pep t idase  ac t iv i ty .  This increase in esterase 
ac t i v i t y  was in pa r t  due to a relief of subs t r a t e  inhibi t ion 6, bu t  wi th  subt i l is in Carlsberg 
subs t r a t e  inhibi t ion  was not  observed at  the  prote in  concent ra t ions  used in the  present  
invest igat ion,  

Nat ive ,  lyophi l ized  subt i l is in Carlsberg conta ins  20-30~)"o peptides.  The possi-  
b i l i t y  t ha t  these pept ides  inhib i t  the na t ive  enzyme and tha t  this  inhibi t ion  is abolish-  

Abbreviation: BTEE, Nq~enzoyltyrosine ethyl ester. 
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ed in the derivatives must be considered. However, gel filtration on Sephadex G-5o 
did not lead to any activation by removal of the peptides. Any remaining peptide 
material, so tightly bound that it is not removed by gel filtration, is ext;ected to be 
liberated by trichloroacetic acid precipitation of the enzyme. Since, by this procedure, 

o., non-protein nitrogen was found, we consider peptide inhibition of the less than I /o  
enzyme unlikely. 

Variation of the substrate concentration (Fig. I) shows that, at a concentration 
of 0.5 % clupein, the rate of hydrolysis with succinylated and nitrated subtilisin earls- 
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Fig. I. The ac t iv i ty  of  na t ive  subtil isin Carlsberg ((1~), succinylated subtilisin Carlsberg (©),  
and n i t ra ted  subtil isin Carlsberg (O), with varying conce~trat ions  of  clupein, using the  p H - s t a t  
techniqueL p H  8.0, t empera tu re  3 o°. 

berg approaches Vrnax while the rate with native subtilisin Carlsberg is far from maxi- 
mal. The increase in the activity of subtilisin Carlsberg produced by the modifications 
of tyrosine residues might thus be explained in terms of improved binding of substrate 
to the derivatives, as reflected by the decrease in K,,,. 

Both nitration and iodination decrease the pK of the tyrosine residues while 
succinylation introduces a negative charge. This suggests that the strong binding of 
clupein and gelatine by the modified types of subtilisin Carlsberg probably" is due to 
the presence of a negatively charged tyrosine residue. The tyrosine involved in this 
binding apparently has no connection with the binding of casein and BTEE, and in 
subtilisin Novo a corresponding residue appears to be absent. It  has recently been 
observed by COOMBS AND VALLEE 8 and by SCHECHTER AND BERGER 9 that the binding 
of f)olypeptides to another proteolytic enzyme, carboxypeptidase, similarly involves a 
mul tol ic i ty  of binding sites. 

We are indebted to Professor B. L. VALLEE for having made the tetranitro- 
methane method of nitration known to us prior to publication. 
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Reversibility of the “ir,reversible” histidine ammonia-lyase reaction 

The chemical reaction catalyzed by L-histidine ammonia-lyase (EC 4.3.1.3) is: 

I~-CI-I,-C~-I(N~I,~)-CC)O- FA R-CH = CH-COO- +- NH,? (R imidazole) 
L-histidine urocanatc 

(bans) 

The reaction has been reported to be irreversible by WALKER AND SCHMIDT’, 
MEHLER MS T‘AUOII~, and PETERKOFSKU~. However, other hvell-known enzymes of 
this class catalyze ammonia eliminations that are readily reversible. For aspartate 
ammonia-lyase, I<‘,, at 29O and pH 7.2 is 0.0074 (ref. 4) ; for /I-methylaspartate am- 
monia-lyase, I<‘,, is reported by BARKER et al.5 to be 0.238 at 25’ and pH 7.9. It 
appeared to us that the apparent irreversibility might result from the choice of un- 
favorable reaction conditions or insufficient incubation time. 

Histidine ammonia-lyase was purified 1z5-fold from sonic lysates of Pseudo- 
monasfluorescees A.3.12 by a modification of the method of PETERKOFSKY~. A prota- 
mine sulfate fractionation step was included; L-histidine was added during the heat 
step, and the enzyme was fractionated with (NH,),SO, between 50-65 o/o of saturation, 
rather than o-500/~. The final specific activity was 35 pmoles of urocanate per min 
per mg of protein. The assay system contained 0.1 M L-histidine (pH 8.0), 0.033 iVI 
Tris acetate (pH S.o), I mM MgSO,, 0.033 mM EDTA, 0.67 m&I mercaptoethanol, 
and a suitable dilution of the enzyme. 

The enzyme appeared to be homogeneous on gel electrophoresis. It had an 
approximate molecular weight of 198 ooo as determined on a sucrose gradient in- 
cluding catnlase as a reference. 

In the histidine synthesis experiment WC made the following departures from 
traditional systems3s6: (a) Tris acetate buffer was used rather than pyrophosphate 
because of the known sensitivity of the enzyme to metal-sequestering agents; (b) 
&I$+ \+as added to ensure an adequate concentration of metal activator; and (c) the 
pH of the system was adjusted to 8.0 rather than 9.0-9.5, since PETERK~FSKY~ has 
shown that the enzyme-catalyzed exchange of the /Fl proton of histidine has an opti- 
mum pH near 7.5. The complete system contained the following: 0.5 $1 NH,Cl (pH 
8.0), 3.0 ml; 0.2 M potassium urocanate (PI-I 8.0\, 3.0 ml; 0.01 M MgSO,, 0.5 ml; 0.2 
mg enzyme protein in o. I $1 Trix acetate buffer (pH 8.0)) which was I m&4 in mercapto- 
ethanol, 1.0 ml. 


