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Lysosomal fl-galactosidases of rat kidney 

l"ractionations of homogenates of rat liver ~ and various organs of the mouse 2 
have provided evidence that  /3-galactosidase (fl-D-galactoside galactohydrolase, E(" 
3.2.z.23) is it h 'sosomal enzyme. However, in rat kidney the enz\ 'me has a bimodal 
distributiolrX4, being flmnd in the lysosomal and supcrnatant  fractions. This work 
show.~ that  rat kidney lvsosomal /~-galact(Jsidase is resolved by I)EAl~;-celluh)se 
column chromatography into four peaks of activi ty that  have differences in Km 
values, inactivation by heat, inhibition by p-chloromercuribenzoate (PCMB) and 
.'\'I'I ), and to s .mc  extent in their pH optima. 

Kidney h s  ,some, were prepared according to the method of SHIBKO AND 
"I'AI>PF:L 5. /:/-(ialactosidase and ~uglut'osidase activities were measured as described 
e.lsewhere :~. 
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l"iR. z. ( ' h r m n a t o g r a p h y  of  so lub l e  h ' s o s m m d  f r a c t i o n  on [ )E : \ l ' : - c c l l u lo sc  w i t h  .5 mM pota.ssiun~ 
p h o s p h a t ( '  buffer  ( p l l ( > . b ) .  I ' r o t c i n  ( ) was  c l u t c d  s t e p w i s e  w i t h  KC'I as  ind ica tc ( l .  M a x i m u m  
spcc i l ic  a c t i v i t y  o f /~ -ga lac tos i ( l a sc  (11) was  o b t a i n e d  in l " rac t ion  ~) in w h i c h  t h e  e n z y m e  was  pur i f i ed  
2So-fold o v e r  t he  h o m o g c n ~ t e .  The  p r o t e i n  in f r a c t i o n s  t h a t  c o n t a i n e d  / / -~4alactosidase a c t i v i t y  
was  poo led  as fo l lows (pe~.tk n u m b e r s ,  f r a c t i o n  n u m b e r s )  l, 5 7; I I ,  2 3 - 2 5 ;  I l l .  47 5o;  a n d  IV, 
63--67. a - ( ; l u c o s i d a s e  (O) a c t i v i t y .  

i)EAl'L-ccllulose column chronut tography (Fig. I) of a lysosomal fraction 
solubilized by freeze-thaw t rea tment  separated /%galactosidase activi ty into f()ur 
peaks. The distribution of total activity in these peaks was 3I, 6i, 2, and 6°.{, res- 
pectively, in Peaks I, I I, l l l, and IV. ~t4;lucosidase activity was well separated from 
fl-galact,sidasc activity, l:or further studies, pooled fractions from each of the peaks 
were used. K,,~ values, obtained with p-ilitrophenyl-/~-D-galactopyranoside as sub- 
stratc, were determined from l.ineweaver ICurk plots and were 6. 7, 6. 5, 3.4, and 
o.2 5 raM, respectively, fl)r Peaks 1, II ,  I l l ,  and IX.'. These Km values show that  the 
/~-galactosidascs . f  Peaks I and IV apparent ly  differed in their affinity for the sub- 
strate. All the activities were inhibited bv substrate concentrat ions greater than 
17 raM. The pIl profiles of Peaks I and IX" and the soluble lysosomal fraction are 
shown in Fig. 2. The pH activity <urvcs h)r Peaks l and IX" are similar above pH 4.5, 
lint they are inarkcdh" different bch)w pll 4.5. The pH activity curve for Peak I1 
was similar to that  of Peak I; that  of Peak I I I  showed more resemblance to Peak IV. 

. \ b l ) r c \ ' i a l i (m  : I>('M l¢, p -chh) ron lc rcnr i l )cnzoa . tc .  

] ~ w c / t t m .  l ¢ w l , h r . < . . I c l a ,  - - o  ( 197oI  6 - 2 - 6 2 .  t 



SHORT COMMUNICATIONS 023 

>, 

4 6 8 

pH 

Fig. z. /l-Galactosidase activity as a functi,m of pH. Substra te  used was io mM p-ni t rophenyl-  
/ /- l>galactopyranosid¢ in 80 nl3J. citrate-l~llosphate bulter. ~ ,  soluble lysosomal fraction: / k ,  Peak 
[; ,5, Peak IV. 

Fig. 3 shows the inhibition of the /3-galactosidase activities of Peaks I and IV bv 
ATP and PCMB. It  is seen that  the activi ty in Peak I was nlore strongly inhibited 
than the act ivi ty in Peak IV. Fig. 4 shows that  more than 80% of the activity in 
Peak 1 was inactivated by a Io-min heat t reatment  at 05 ° (pH 3.6), while the same 
t rea tment  caused only 3o% inactivation of the activity" in Peak IV. Inact ivat ion by 
heat and intfibition bv PCMB and ATP of the activities in Peaks II and I I I  were 
at levels intermediate between those obtained for Peaks 1 and IX,'. Glucono(i-4)-  
lactone and galactono(I-4) lactone inhibited all four of  the activities with no signifi- 
cant differences amcmg the inhibition patterns. All flmr peaks hvdrolvzed lactose. 
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Fig. 3- Inhibit ion offl-galactosidase activity by A'I'P (triangles) and PCMB (circles). The reaction 
mixtures  contained enzynm and the inhihitors in 8o mM ci t ra te -phospha te  buffer (pH 3.6) and 
were incubated at 37 ~for r o m i n p r i o r  to addition of the substrate.  ()pen symbols, l ' e a k l ;  solid 
synlbols, Peak IV. 

Fig. 4- Inactivation of/4-galactosidase activity at  55: (circles) and ('5 (triangles). The reaction 
mixtures  contained protein from either Peak I (open symbols) or Peak IV (solid symbols) in io mM 
citrate -t)hosphate buffer (pf [ 3.6). Samples were taken at intervals and were immediateh" cooled 
in ice water  (o'): the enzyme assays were done at 37 ~. 

The results described here show that  tile fl-galactosidase activi ty ,)f rat kidney 
lysosonles has at least two components  tha t  differ considerably in some of their 
properties. From rat small intestine, Asp AND DAHIXJVIST" separated "acidic" (pH 3.4) 
fl-galactosidase act ivi ty  into two components  which differed in their kinetic proper- 
ties. Multiple fi~rms of  other  Ivsosomal enzymes have been demonstratedT, x. 
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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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