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Summary 

1. Amastatin, a specific inhibitor of aminopeptidase A (L~-aspartyl(L~- 
glutamyl)-peptide hydrolase, EC 3.4.11.7), was linked to an agarose matrix and 
by this affinity chromatography aminopeptidase A of pig kidneys was purified 
as a single protein shown by acrylamide gel electrophoresis. 

2. Aminopeptidase A which was purified 710-fold, hydrolyzed only acidic 
amino acid ~-naphthylamide. The optimum pH and the optimum temperature 
was 7.5 and 45--50°C, respectively. 

3. The molecular weight was approx. 300 000 as determined by Sephadex 
G-200 gel filtration. 

4. The activity of aminopeptidase A was not affected by sulfhydryl agents, 
S-S dissociating agents and serine proteinase inhibitor, but was inhibited 
strongly by metal chelating agents, and enhanced by alkaline earth metals. 

5. Amastatin inhibited aminopeptidase A in a competitive manner with 
L-glutamic acid ~-naphthylamide, and the Ki value was calculated to be 2.5 • 
10 -7 M. The inhibitory effect of amastatin on aminopeptidase A was not 
reversed by addition of Ca 2÷. 

Introduction 

As described in previous reports [1,2], many specific enzyme inhibitors have 
been isolated from culture filtrates of actinomycetes. Amastatin is a specific 
inhibitor of aminopeptidase A (L-~-aspartyl(L-a-glutamyl)-peptide hydrolase, 
EC 3.4.11.7) isolated from culture filtrates of streptomyces ME98-M3 strain 

Abbreviation: NA, naphthylamide. 
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[3]. The structure of amastatin was determined to be [(2S,3R)-3-amino-2- 
hydroxy-5-methylhexanoyl]-L-Val-L-Val-L-Asp [4]. 

Aminopeptidase A is an exopeptidase which liberates amino terminal 
glutamyl or aspartyl residues of peptide substrates. This enzyme has been 
found in various organs and serum of animals, that is, rat kidney and serum 
[5,13], pig kidney and duodenum [5], rabbit small intestine [15], human 
serum [6--8,10,14], human red blood cell [11], human parotid gland [8,9] and 
human kidney [12]. 

Aminopeptidase A was purified partially from human serum [14] and brush 
border of rabbit small intestine [15], but it was difficult to separate amino- 
peptidase A from other aminopeptidases (arylamidases) by Sephadex G-150, 
DEAE-cellulose and concanavalin A-Sepharose column chromatography. We 
attempted to isolate aminopeptidase A from pig kidney by using affinity 
column of an agarose matrix linked with amastatin. The affinity chromatog- 
raphy of aminopeptidase A has not yet been reported. This affinity chromatog- 
raphy of our method was found to be an efficient procedure for purification of 
aminopeptidase A. In this paper we report purification of aminopeptidase A by 
using amastatin-afflnity chromatography and properties of purified enzyme. 

Experimental procedure 

Materials 
DEAE-Sepharose CL-6B, AH-Sepharose 4B and Sephadex G-200 were 

purchased from Pharmacia Fine Chemicals, Uppsala, Sweden. t-Butyl S-4,6-di- 
methylpyrimidin-2-ylthiolcarbonate (Boc-S) [16] was purchased from Kokusan 
Chemical Co., Tokyo, Japan. 1-Ethyl-3(3<limethylaminopropyl)carbodiimide 
hydrochloride was purchased from Protein Reseach Foundation, Osaka, Japan. 
Fast Garnet GBC salt (o-aminoazotoluenediazonium salt) and phenyl sulfonyl 
fluoride were purchsed from Sigma Chemical Co., Saint Louis, MI, U.S.A. All 
substrates, that is, L-alanine fi-naphthylamide(L-Ala NA), L-arginine fi-napthyl- 
amide (L-Arg NA), a-L-aspartic acid ~-naphthylamide(L-Asp NA), L-glutamine 
~-naphthylamide (L-Gln NA), a-L-glutamic acid fl-naphthylamide (L-Glu NA), 
7-L-glutamic acid ~-naphthylamide (7-L-Glu NA), L-pyroglutamic acid 
~-naphthylamide (L-pyroGlu NA), L-glycine fi-naphthylamide(L-Gly NA), 
L-leucine ~-naphthylamide (L-Leu NA), L-lysine ~-naphthylamide (L-Lys NA), 
L-methionine ~-naphthylamide (L-Met NA), L-phenylalanine fi-naphthylamide 
(L-Phe NA), L-tryptophan fi-naphthylamide (L-Try NA), L-tyrosine ~-naphthyl- 
amide(L-Tyr NA), glycyl-L-proline fl-naphthylamide (Gly-L-Pro N A ) a n d  
L-lysyl-L-ananyl /~-naphthylamide(L-Lys-L-Ala NA), were purchased from 
Bachem Feinchemikalien AG, Switzerland. All divalent cation .chloride com- 
pounds, that is, CaC12, SrC12, BaC12, MnC12, MgC12, FeC12, COC12, ZnC12, NiC12, 
CuC12, HgC12 and CdC12, were purchased from Wako Pure Chemical Industries 
Ltd., Tokyo, Japan. Iodoacetic acid, iodoacetamide, p-chloromercuribenzoic 
acid, N-ethylmaleimide, dithiothreitol, 2-mercaptoethanol, HC1. o-phenan- 
throline and EDTA were purchased from Wako Pure Chemical Industries 
Ltd., Tokyo, Japan. Trypsin (bovine pancreas, (a- and ~-trypsin, EC 3.4.21.4)) 
and a-chymotrypsin type II (bovine pancreas, (chymotrypsin A and B, EC 
3.4.21.1) were purchased from Worthington Biochemical Corporation and 
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Sigma, respectively. Leucine aminopeptidase (leucine aminopeptidase ('LAP'), 
EC 3.4.11.1) of  pig kidney and calibration proteins to determine the molecular 
weights of proteins were purchased from Boehringer Mannheim GmbH • Bio- 
chemica, West Germany. 

Methods 

Homogenation was done with Ultra Turrax made by Tunke and Kungel KG, 
F.R.G. Ultracentrifuge was carried out with Hitachi 55P. Absorption at 280, 
405 and 525 nm was measured with Hitachi Model 100-41 spectrophotometer. 

Preparation of N-t-butyloxyl amastatin. To a solution of amastatin (100 mg) 
in H20 (1.5 ml) were added triethylamine (0.042 ml) and a solution of Boc-S 
(55.2 mg) in dioxane (1.5 ml) and the mixture was reacted under stirring for 
18 h at room temperature. After completion of the reaction H20 (30 ml) was 
added to the reaction mixture, and the unreacted carbonate was extracted 
twice with 30 ml of  ethyl acetate. Subsequently, the aqueous layer was 
adjusted to pH 2.0 by addition of 1 N HC1, and was extracted three times with 
30 ml of ethyl acetate. Thereafter the ethyl acetate layer was washed three 
times with 60 ml of 5% HC1 cooled at 0°C, and twice with 60 ml of a saturated 
aqueous NaC1 solution and dried over anhydrous Na2SO4, and the ethyl acetate 
was evaporated in vacuo, yielding crystalline N-t-butyloxyl amastatin (34 mg, 
30% yield), m.p. 120--122°C, [a]~' --33.0 ° (c = I, methanol). 
Analysis: Found: C, 53.89; H, 7.72; N, 9.06; O, 27.30. 
Calcd. for C26H46N40,0: C, 54.33; H, 8.07; N, 9.75; O, 27.84% 
NMR (C2H302H); 5TMS 1.42, (9H, s, (CH3)3CO--). 

Preparation of amastatin-AH Sepharose 4B. About 2.7.mi of AH~Sepharose 
4B washed with 0.5 M NaCI and water was mixed with 30 mg of 1-ethyl-3- 
(3-dimethylaminopropyl)carbodiimide and 15.5 mg ofN-t-butyloxyl amastatin 
in 5 ml of dioxan/H20 (I : 5, v/v). The mixture was left at room temperature 
for 24 h and during that period pH was continuously monitored and main- 
tained at 5.4. After the reaction, the gel was packed in a small column (1.1 X 
2.5 cm), and washed successively with each 10 ml of dioxan/H20 (1 : 5, v/v) 
and H20. One-fourth of N-t-butyloxyl amastatin-AH Sepharose 4B thus 
prepared, about 0.5 ml, was suspended in 4 ml of 0.5 N HCl-methanol and 
incubated for 1 h at 37°C to remove the protective group. Thereafter, the sus- 
pension was poured into a column (1.1 X 0.5 cm) and washed with 50 ml of 
water. 1 ml of the wet gel was found to contain 10 pmol of covalently bound 
amastatin, which was determined by amino acid analysis of an acid hydrolyzate 
of the gel. 

Assay of enzyme activity. The assay system contained the following com- 
ponents in a total volume of 1.0 ml in the test tube (1.5 × I0 cm): 0.25 ml of 
2 mM of substrate solution, 0.5 ml of 0.I M Tris-HCl buffer (pH 7.5), an 
appropriate amount of enzyme, and water or reagent solution. The reagent 
solution was used in the case of testing an effect of the reagent on the enzyme 
activity. After 3 min incubation at 37°C, the reaction was initiated by addition 
of the enzyme solution. Studies on effect of temperature or metal ions on 
enzyme activity were carried out using the Ca2+-free enzyme solution after 
dialysis against H20 for 24 h. Exactly 30 min later, the reaction was stopped by 
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adding 1 ml of  a solution of  Fast Garnet GBC (1 mg/ml) in 1 M acetate buffer 
(pH 4.2), containing 10% Tween 20. After 20 min at room temperature,  
absorbance was measured at 525 nm. 

One unit of  enzyme activity was defined as the amount  of  enzyme producing 
1 nmol of ~-naphthylamine per min at 37°C under the assay condition. Specific 
activity was expressed as units/mg protein. 

Determination of protein. Protein concentration was measured by  the 
method of  Lowry et al. [17] using bovine serum albumin as the standard. Pro- 
tein concentration of  individual fractions of  column chromatography was 
estimated by measuring the absorbance at 280 nm in a 1.0 cm cell. 

Polyacrylamide gel electrophoresis. Polyacrylamide gel electrophoresis of the 
enzyme preparations at various steps of  the purification was carried out  by  the 
method of  Davis [18]. The stacking (2.5% acrylamide) and running (7.5% 
acrylamide) gels were polymerized at pH 6.7 and 8.9, respectively, in a Pyrex 
tube (0.8 X 12 cm). Electrophoresis was performed in a cold room (4°C) at 
3 mA per gel at pH 8.3 (5 mM, Tris-Gly buffer). After electrophoresis, the gel 
was incubated in 2 mM of L-Glu NA for 1 h and stained with Fast Garnet GBC 
solution described above for 30 min. 

Molecular weight estimation. An approximate molecular weight was deter- 
mined by gel filtration on Sephadex G-200 according to the method of  
Whitaker [19] and Andrews [20]. Protein concentration was measured by 
absorbance at 280 nm and the method of  Lowry et al. [17]. Catalase fraction 
was detected by  its specific absorbance, the so-called Soret band [21,22] ,  at 
405 nm. 

Aminopeptidase A purification. Pig kidney was frozen and stored a t - -20°C 
untile used. All procedures were carried out  0--4°C. 

Step 1. Abou t  26 g of  kidney was homogenized in 260 ml of 0.06 M phos- 
phate buffer (pH 7.4) containing 0.25 M sucrose with Ultra Turrax. The 
homogenate was filtered through silk gauze and the filtrate was centrifuged at 
10 000 X g for 20 min. 

Step 2. The supernatant obtained by Step 1 was centrifuged at 80 000 X g 
for 2 h. The precipitate was suspended in 35 ml of  0.01 M Tris-HC1 buffer (pH 
7.5) containing 1 mg each of  trypsin and ~-chymotrypsin.  After standing at 
37°C for 1 h, the suspension was centrifuged at 80 000 X g for 2 h. 

Step 3. The supernatant obtained by Step 2 was applied to a 2 X 15 cm 
column containing DEAE Sepharose CL-6B which had been equilibrated with 
0.06 M phosphate buffer (pH 7.5). The adsorbed protein was eluted by 1000 
ml of  the same buffer and the aminopeptidase A activity appeared in a single 
peak. 

Step 4. 2 ml of  the active solution (the fraction No. 3 and 4) was diluted 
with 8 ml of  water and was applied to an amastatin-AH Sepharose 4B column 
(1.1 X 0.5 cm). After  the column was washed with H20 and 0.1 M Tris-HC1 
buffer (pH 7.5), aminopeptidase A was eluted with 0.1 M Tris-HC1 buffer (pH 
7.5) containing 10 mM CaCl~. As shown in Fig. 1, aminopeptidase A appeared 
in fractions from No. 29 to 31 as a single peak. The volume of each fraction 
was 2.0 ml. This affinity column could be used repeatedly. 
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Fig. 1. Aff in i ty  chromatography  of  aminopept idase  A from pig k idney .  The e lut ion was per formed with  
the fo l lowing  so lut ions ,  A, H 2 0  ; B, 0.1 M Tris-HC1 bu f f e r  ( p H  7.5) ;  C, 0.1 M Tris-HCl b u f f e r  ( p H  7.5)  
containing 10 m M  CaC12. Each fraction was  2 ml ,  and the e n z y m e  activity against L-Gin NA wi th  50-#1 
al iquots  o f  each fract ion is demonstrated .  ® ~, AA525  ; X . . . . . .  X, A280 .  

Results 

Table I summarized the results o f  the purification procedure. The final 
recovery was 3.9% and the final purification was 710-fold. 

Estimation of  molecular weight of  aminopeptidase A. The molecular size of  
the aminopeptidase A was estimated by gel filtration on Sephadex G-200. The 
calibration curve obtained with standard proteins indicated the molecular 
weight of  300 000. 

Effect of  pH on enzyme activity. The effect of  pH on the rate of  hydrolysis 
of  L-Glu NA was studied. The pH-activity profiles of  aminopeptidase A indi- 
cated pH optimum value of  7.5. 

Effect of  temperature on enzyme activity. The reaction mixture was allowed 
to react at various temperatures for 30 min. The purified enzyme was found to 
be thermostable up to 55°C. When the enzyme was incubated with 1 mM of  
CaC12, the enzyme activity was still to be restored at 65°C, but lost its activity 

T A B L E  I 

P U R I F I C A T I O N  OF A M I N O P E P T I D A S E  A F R O M  PIG K I D N E Y  

V o l u m e  Protein Tota l  Specif ic  Yield Purifi- 
(ml)  (mg)  activity act ivity (%) cat ion 

(units)  (uni t s / rag)  

H o m o g e n a t e  270 
Step 1 (Supernatant ,  

10 000  × g for  20 m i n )  265  
Step 2 (Trypsin  and 

C h y m o t r y p s i n  treatment)  31 
Step 3 (DEAE-Sepharose  

CL-6B)  18 
Step 4 (Aff in i ty  c o l u m n )  18 

2 100 67 9 0 0  32.3 100 1 

1 480  41 700  28.2 61 .4  0.9 

52.7 10 0 0 0  190 14.9 5.9 

2 .25  1 9 6 0  870  2.9 27 .0  
0 . 1 0 5  2 400  22 860  3.9 710 
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at 65°C when the enzyme was incubated without  CaC12. 
Effect o f  metal ions and reagents on enzyme activity. The effect of  various 

divalent cations on the activity of  aminopeptidase A was investigated (Table 
II). Ca 2÷, Ba 2÷ and Sr 2÷ markedly activated the hydrolysis of L-Glu NA approx. 
3-fold, but Zn 2÷, Ni 2÷, Cu :÷, Hg :÷ and Cd 2÷ almost completely inhibited the 
activity at the concentration of  1 mM. The maximal activation of  the enzyme 
was obtained with Ca 2÷ at 1--2 mM. Table III shows that  the enzyme was not  
affected by sulfhydryl-reagents, S-S dissociating agents and serine proteinase 
inhibitor, but was inhibited completely by EDTA and o-phenanthroline at the 
concentration of  1 mM. 

Substrate specificity. The relative rates of hydrolysis of  varirou amino acid 
fi-naphthylamides by the purified enzyme are examined. L-Glu NA was most 
rapidly hydrolyzed, while neutral and basic amino acid fi-naphthylamides were 
not hydrolyzed. 7-L-Glu NA, L-pyroGlu NA, L-Gln NA and Gly-L-Pro NA were 
not also hydrolyzed. 

Inhibition o f  aminopeptidase A by amastatin. Amastatin strongly inhibited 
aminopeptidase A at a fairly low concentration. Kinetic studies on amastatin 
were carried out  using the purified and Ca2÷-free enzyme after dialysis against 
H20 for 24 h. Amastatin inhibited aminopeptidase A in a competitive manner 
with L-Glu NA as substrate. In the absence of Ca 2÷, K i and K m values were 
calculated to be 2 . 5 . 1 0 - T M  by Dixon plot [23] and 8 . 1 0 - 4 M  by Line- 
weaver-Burk plot [24], respectively. In the presence of 2.5 • 10 -4 M of  Ca 2÷, Ki 
and K m values were 1 • 10 -6 M and 5 • 10 -4 M, respectively. 

When amounts of  Ca 2÷ were successively increased in the reaction mixture of  
aminopeptidase A and amastatin, this inhibitory effect of amastatin was not  
reversed, while that  of  o-phenanthroline on aminopeptidase A was reversed by 
this procedure (Fig. 2). 

Inhibition o f  other arylamidases o f  pig kidney by amastatin. Amastatin, at 
the concentration of  I • 10 -s M, inhibited not  only acidic amino acid ~-naphthyl- 
amidase but also neutral amino acid ~-naphthylamidases. It inhibited leucine 
aminopeptidase in a competitive manner with L-leucine NA as substrate, and 

T A B L E  II  

E F F E C T  OF  D I V A L E N T  C A T I O N S  O N  A M I N O P E P T I D A S E  A A C T I V I T Y  

Diva len t  ca t i on  Ac t iv i t y  

(1 m M )  

- -  100  
Ca 2+ 328  
Sr 2+ 395  
Ba2+ 281 
Mn2+ 155  
Mg2+ 120  
Fe 2+ 68  

Co2+ 68 
Zn2+ 14 
Ni2+ 11 
Cu2+ 2 
Hg 2+ 1 

Cd2+ 0 



T A B L E  I I I  

E F F E C T  T O  A M I N O P E P T I D A S E  A A C T I V I T Y  B Y  V A R I O U S  R E A G E N T S  

4 6 5  

R e a g e n t  C o n c e n t r a t i o n  A c t i v i t y  
( r a M )  

N o n e  1 0 0  
E D T A  1 0 

0 .1  7 
o - P h e n a n t h r o l i n e  1 0 

0 .1  3 3  
I o d o a c e t i c  acid 1 1 2 5  
I o d o a c e t a m i d e  1 1 1 8  
p - C h l o r o m e r c u r i b e n z o a t e  acid 1 1 0 4  
N - E t h y l m a l e i m i d e  1 9 7  
D i t h i o t h r e i t o l  0 . 0 1  * 1 0 7  
2 - M e r c a P t o e t h a n o l  0 . 0 1  * 1 0 2  
Pheny l  s u l f o n y l  f luoride  1 1 0 2  

* T h e s e  c o n c e n t r a t i o n s  w e r e  c h o s e n  b e c a u s e  S-S d i s s o c i a t i n g  a g e n t s  i n h i b i t e d  c o l o r  r e a c t i o n  b e t w e e n  F a s t  

G a r n e t  G B C  s a l t  a n d  ~ - n a p h t h y l a m i n e  i n  t h e  c o n c e n t r a t i o n  o f  S-S d i s s o c i a t i n g  a g e n t s  h i g h e r  t h a n  
0 . 0 1  r a M .  

the Ki and Km values were calculated to be 1 . 6 . 1 0  -6 M and 3 . 7 . 1 0  -3 M, 
respectively. This leucine aminopeptidase had no activity to hydrolyze L-Glu 
NA and L-Arg NA under our assay condition.  Amastatin did not  inhibit 
dipeptidyl aminopeptidases. 

Comparison of  aminopeptidase A of  pig kidney, pig serum and human 
serum. Studies on polyacrylamide gel disc electrophoresis o f  aminopeptidase A 
of  pig kidney, pig serum and human serum showed that aminopeptidase A from 
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X . . . . . .  X, o - p h e n a n t h r o l i n e  (9  • 1 0  -4  M)  i n  t h e  r e a c t i o n  m i x t u r e .  
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Fig.  3. P o l y a c r y l a m i d e - g e l  disc e l e c t ropho re s i s  o f  a m i n o p e p t i d a s e  A o f  pig  k i d n e y ,  pig  s e r u m  and  h u m a n  
se rum,  a, b and  c are  pu r i f i ed  pig  k i d n e y  a m i n o p e p t i d a s e  A, pig s e r u m  and  h u m a n  se rum,  a is 1.0 pg,  b ,  
100  pl and  c, 100  Dl. T h e  gels on  the  lef t  o f  the  pa i r  were  s t a ined  for  e n z y m e  ac t iv i ty  to  h y d r o l y z e  L-Glu 
NA.  T h e  gels on  the  r igh t  were  s t a ined  fo r  p r o t e i n  w i t h  0 .25% C o o m a s s i e  br i l l ian t  b lue  and  were  des t a ined  

in 7% acet ic  acid. R m value  was  ca lcu la ted  f r o m  the  r a t i o :  m o b i l i t y  o f  a m i n o p e p t i d a s e  A to  t h a t  o f  
b r o m o p h e n o l  b lue .  

pig kidney and serum had a similar mobility (Rm value 0.22) but that  human 
serum aminopeptidase A had a large mobility (Rm 0.37) as shown in Fig. 3. 
The approximate molecular weight of human serum aminopeptidase A deter- 
mined by Sephadex G-200 gel filtration, in the same manner as the purified pig 
kidney, was 210 000. From these results, it may be that  pig kidney amino- 
peptidase A is different from human serum aminopeptidase A. ICs0 value, con- 
centration of  amastatin to inhibit 50% of the enzyme activity, was 4.5 • 10 -7 M 
against 0.04 pg of the purified pig kidney aminopeptidase A, 4 . 0 . 1 0 - 6 M  
against aminopeptidase A in 100 ~1 of pig serum and 1 . 4 . 1 0  -~ M against 
aminopeptidase A in 100 ~1 of  human serum. 

Discussion 

Amastatin was effective in binding the aminopeptidase A and other amino- 
peptidases and separating them from dipeptidyl aminopeptidases. Amastatin- 
affinity column adsorbed aminopeptidase A, leucine aminopeptidase and other 
arylamidases, all of  which were inhibited by amastatin. But the column did not  
adsorb dipeptidyl aminopeptidases, because they were not inhibited by 
amastatin. Among aminopeptidases adsorbed by the column, only amino- 
peptidase A was eluted from the column with 10 mM CaC12. This should be due 
to the effect of  Ca 2÷ to reduce the binding affinity of aminopeptidase A to 
amastatin on the column. This idea was supported by kinetic studies which 
showed that  the presence of 2.5 • 10 -4 M of Ca 2÷ increased the K i value by 24- 
fold. The other aminopeptidases were not  eluted from the column with 10 mM 
CaC12 because they were not  sensitive to Ca 2÷. 

From the study of the substrate specificity, it was found that  aminopep- 
tidase A was four times more active on L-Glu NA than on L-Asp NA. A free 
a-amino group and 7-carboxyl group were required in a substrate for enzyme 
activity, because L-pyroGlu NA, 7-L-GIu NA and L-Gin NA were not 
hydrolyzed. 

Table III suggests that  free sulfhydryl groups and a reactive serine residue are 
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no t  involved in the enzyme activity. The enzyme activity was inhibited com- 
pletely by  some chelating agents such as EDTA and o-phenanthroline, and 
reactivated by  the addition of  Ca :+ as shown in Fig. 2. This supported that  pig 
kidney aminopeptidase A is a metalloenzyme. Recently,  human liver alanine 
aminopeptidase, which is activated by  Co 2÷ but  not  by Ca 2+, was described to 
be a zinc metal loenzyme containing one a tom of  zinc per molecule of  enzyme 
[25].  

In the present article we showed that amastatin is a suitable ligand in the 
affinity column for purification of  aminopeptidase A. The purified preparation 
of  aminopeptidase A obtained from amastatin-Sepharose column was employed 
for the comparison of  properties among related enzymes. 

Optimal pH, the activation by alkaline earth metals, the substrate specificity 
and sensitivity to amastatin of  pig kidney aminopeptidase A was similar to 
those of  human serum aminopeptidase A [14].  But it was concluded that pig 
kidney aminopeptidase A showed different behavior from human serum amino- 
peptidase A in acrylamide gel disc electrophoresis and had a different molecular 
weight estimated by  gel filtration. Cheung and Cushman [26] reported that  the 
aspartate aminopeptidase from dog kidney was neither stimulated by Ca 2+ nor 
inhibited by EDTA, but was activated by preincubation with MnCl2. It 
hydrolyzed L-Asp NA three times more rapidly than L-Glu NA. These proper- 
ties of aspartate aminopeptidase of dog kidney are different from those of pig 
kidney and human serum aminopeptidase A. Pig serum aminopeptidase A 
coincided with pig kidney aminopeptidase A in acrylamide gel disc electro- 
phoresis and the sensitivity to amastatin. 

Kenny, et al. [27--29] reported that aminopeptidase A is one of microvillar 
enzymes which were solubilized by detergent or papain..The molecular weights 
of the detergent forms of microvillar enzymes are greater than those of the 
proteinase forms. The two forms also differ in electrophoretic mobility. We will 
attempt to solubilize aminopeptidase A by not only trypsin-chymotrypsin 
mixture but also papain or detergent, and to compare the proteinase form 
enzymologically with the detergent form. 
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