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Role of histidine in the active site of alkaline protease from Aspergillus flavus 
derived from kinetic data 

In the preceding paper I we reported tile specificity of the alkaline protease 
from AspcrgillusJla;,us which contains an active serine residue. From the resulls of 
our experiments with the cleavage of the B-chain of oxidized insulin and of certain 
synthetic substrates we have been able to conclude that  the protease ~ isolated by us 
belongs to the group of serine proteases with a broad speciticit.v a. Another protease 
which fails into this group is subtilisin which has the same amino acid sequem'e aromld 
the serine active center 4,s as our protease. The aim of this paper is to report the de- 
termination of  kinetic constants and the effect o f p H  and temperature on the catah'sis  
of the hydrolysis of N-1)enzoyl-L-arginine ethyl ester (13AEE) by our protease. From 
the results of  these experiments the r~de of histidine in the active site can be deduced. 

Material. The protease preparation used for the hydrolysis was obtained b \  
the method described elsewhere '~ with the exception that  the protease was precipitated 
thst from the fraction obtained by chronmtography {)i1 I )EAE-Sephadex in acetone 
( -xo ; I : i ,  v.:v) and then, after having t)een dissolved in water, lyophilized. The 
l)reparation thus obtained showed the presence of only one N-terminal group (glycine) 
and was fret: from low molecular weight peptide material. Chroinatographically pure 
N-benzoyl-L-arginine ethyl ester hydrochloride was purchased from Fluka, A.(;. 
(l{uchs, SG; A5Io73, substrate for trypsin determination).  

Determination of esterasc activity. The rate of hydrolysis of the substrate was 
determiued in a Model "I 'TTIa pH-stat  (Radiometer,  ('openhagela) equipped with a 
t i t rat ing device (T'FA3I) and a temperature-controlled reaction vessel. "fhe temper- 
ature, of the reaction mixture in the vessel was kept constant  with an accuracy of 
: o . i : .  The wflume of the reaction mixture was 2 nil. All solutions were in o.I M K('I 

. \ b l ) r c v i a t i o n s  us{,d: BAI-I.~, N - b c n z o y l - L - a r g i n i n e  e t h y l  e s t e r ;  ATF.I;.,  a c e t y I - L - t y r o s i n e  
e t h y l  es te r .  
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and no buffers were used. A 0.05 M solution of NaOH was used as the titrant. The 
rates were determined from the slopes of the apparent zero order plots obtained for 
the initial 5 % hydrolysis. At the beginning of the experiment the reaction mixture 
contained 5 5 ° mM substrate in 2 ml ofo.I  M KCI and o.oo5 o.o25 mg of the alkaline 
protea'se from A. flavus per ml. \Vithin this range the reaction rate was proportional 
to the enzyme concentration. The. kinetic constants were evaluated graphically 
according to LINEWEAVER ANt) Bt'RK 6. l;or the calculation of Keat (V/Eo), where E 0 
is the initial enzyme concentration, a molecular weight of I8 ooo was assumed. 

Determination of Km and V for BA EE hydrolysis. The values obtained for the 
hvdrolvsis of BAEE at 3 °° and pH 7.5 at eight different enzyme concentrations are 
Km 7.8 -- 0-5 m.M and keat - ~85 sec-L The fimnd K m  value is in good agreement 
with K m =  7.5 mM determined by MO~IHARA ANP "I'st'ZUKI a and Km 7.0 m.Xl de- 
termined l)y OTANI AND ISHIKAWA 7, vcho studied the hydrolysis of BAEE catalyzed 
by thc alkaline l)rotease from ASlSCrgilhts orvzac under identical ext)erimental con- 
ditions. The found values of kinetic constants comt)lement the data obtained in a 
series of comparison experiments ~ with alkaline proteases frmn A .flavus and A. orvzae. 
The agreement of the values suggests that the enzymes are similar if not identical 
(c/.~). 

Effect of pH and temperature on/(vdrolysis of ]3AEE. The pH profile of the rate 
of hydrolysis of BAEE at 37 ~ catalyzed l)v the alkaline protease from A. flavus is 
chara('terized in the range 4.25-9.5 by a sigmoid curve. All the experimentally de- 
termined points lie on the theoreticalh, cah'ulated titration curve of pK'  = 5.96 (cf. 

lOC 

9c 

8C 

7O 

6(2 

50 

~ 4O 

sc 

>~ 20 

I " - -  r I I . I  T . . . .  I I  

6 ~ - ~  
p~q 

Fig. I. Relative values of velocity as a function of pH for the hydrolysis of 0.05 M BAEE by 
alkaline protease from A..flavus at 37 and r 7"- The curves drawn are theoretical as calculated for 
a single t i t ratable group of pig' 5.96 at 3 7  and 6.4o at I7:'. The points represent experimental  
values (see text). 

l;ig. I). "rhe Km values determined at 37: in tile pH range 5.o-8. 5 are summarized in 
Table I. All values fall into the Km range, determined for the hydrolysis of BAEE at 
3 oo and pH 7.5 and are therefore independent of pH. The values of relative rates 
given in Fig. I were obtained with substrate concentrations almost 7 times higher 
t h a n  K m and practically they represent V values. The lack of effect of pH on Km 
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indicates  tha t  K, ,  most  likely, represents  the dissociat ion constal l l .  ()ur inves t igat ion 
of the  pH profile of the react ion rate  was carried out  under  the condi t ions  used by 
G I . A Z E R  ~ in Iris s tudies on the cleavage of BAEF" by  subti l isin.  We ob ta ined  a very 
s imilar  pH protile which m,~reover is analogous to the pH profile ,ff the hydro lys i s  of 

"I'A BI.I.; I 
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1,1I: 5.0 5 . 5  6 . 0  6,,5 7 . o  7..5 ,~.o 8 . 5  

K ,,, 8.  i 7 .3  7 .3  s . ,  7 . ~  7 .5  7 . 9  7 .o  
7.,t 7.7 7.7 7.7 ,,s. o 7.r~ 7.7 7.~ 
7.7 7.<~ ~.2 7.~ 7-7 S.o 7.7 7 .'~ 

B A E E  by try'psin 1° and of A T E E  by chymot ryps in  11. In agreement  with the authors  
of these s tudies  we also pos tu la te  tha t  p ro tona t ion  , f  a group with it p K '  of 5.9 6 in 
the act ive site of the alkal ine protease  from A .flavus results  in the inac t iva t ion  of the 
enzyme.  Fig. r also slmws the pH profile of the rate  of hydrolys is  of B A E E  ca ta lyzed  
bv  the alkal ine protease from ..1. flavus fit 17 ~. The exper imenta l  da t a  obta ined  at this 
t empera tu re  fire in agreement  with the t i t r a t ion  curve of p K '  6.4o. ( 'h,arly,  the pN'  of 
the group being t i t r a t ed  var ied apprec iab ly  with t empera ture ,  l"rom van ' t  Hoff 's  
equat ion r '  

dplt" 
. 1 H i  - ".3%~ ' l~'7"z 

tiT 

we cah 'u la ted  the value of ionisat ion heat  ,Jtti  - 7 . 5  kcal per mole at o% The , l t t i  
va lues  for the imidazole g r , u p  of his t idine in prote ins  range from 6.tt to 7 - 5  kcal per  
mole and the p K  of this group is between 5.6 and 7 (ref. I2). Hence, the kinetic  da t a  
ob ta ined  by us in this  s tudy  are in agreement  with the results  ob ta ined  by (h.AZI.:R"' 
fl,r the hydrolys is  of B A E E  by subti l isin.  On the basis of his da t a  the au thor  has 
pos tu la ted  the presence of an uni~mized hist idine residue in the act ive site ,dsubt i l i s in .  

The repor ted  binding of neutra l  tosyl -L-phenyla lanine  chloromethvl  ketone to 
the act ive hist idine of chymotry 'psin u~ and of basic tosvl-L-lvsine chlor, m~ethvl ketone 
to the act ive site of t rypsin  va led us to examine the effect of these inhibi tors  on our 
enzyme. As in the case of subti l is in l:' and of the alkal ine protease from A@crgillus 
sojm 'u~, we have not been able t¢, show the inhibi t ion of proteolyt ic  ac t iv i ty  ,d  our 
protease  by  these inhibitors ,  either.  The reason for this l~henomen,m may  be the 
difference in charac te r  of the binding sites. 

F rom recent work on the mechanism of act ion ,,f serine proteases it is obvious 
tha t  we are l ikely to meet with the same ar rangement  of the ca ta ly t i c  site not merely 
in pancreat ic  proteases,  i.e. chyna<~trypsin x7, t ryps in  1~, and elastase ~, lint also in the 
microbial  prote inase  subti l is in e°, whose p r imary  and t e r t i a ry  s t ructure  is ent i re l \ '  
different.  Even though the amino acid comp, Mtion" and the a m i n .  acid sequences 
which have been de te rmined  so far {~f pept ides  isolated from digests of the mold 
alkal ine protease from A. flavus (unpublished results) indicate  that  the prinmr?,' 
s t ruc ture  of the prote in  is different,  we assume tha t  our d,t ta permit  us to classif\ '  ,mr 
enzyme as belonging to I he above ment ioned group of serine proteases.  
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