
578 

Biochimica et Biophysica Acta, 481 (1977)  578--585 
© Elsevier /North-Holland Biomedical  Press 

BBA 68097 

PURIFICATION AND PROPERTIES OF HUMAN LIVER PEPTIDASE 

MAMOR U SUGIURA,  YOSHIMASA ITO, K A Z U Y U K I  HIRANO and 
SHUNJI  SAWAKI * 

Second Department of Pharmacy, Tokyo College of Pharmacy, 
Horinouchi, Hachioji-shi, Tokyo 192-03 and * First Department 
of Internal Medicine, Aichi Medical University, Nagakute-cho, 
Aichi-gun, Aichi 480-11 (Japan) 

(Received Oc tober  19th,  1976) 

Summary 

The peptidase from human liver was purified using L-Leu-L-Leu as a sub- 
strate, in adapted purification techniques including treatment  with n-butanol, 
acetone precipitation, ammonium sulfate fractionation, DEAE-cellulose chro- 
matography, Sephadex G-150 gel filtration and CM-cellulose chromatography. 
The purified enzyme exhibited homogeneity in disc electrophoresis. The molec- 
ular weight of the enzyme was estimated to be 130 000 by Sephadex G-200 
gel filtration. The isoelectric point of the enzyme was found to be pH 5.6. The 
enzyme was activated by Mn 2÷ and inhibited by o-phenanthroline. L-Leu-L- 
Leu and L-Phe-L-Phe were hydrolyzed effectively by the peptidase. By electro- 
phoresis on Cellogel, the electrophoretic mobility of purified enzyme was 
same as that  of the peptidase in serum of patients with hepatic disease. 

Introduction 

Recently a number of reports have appeared on peptidases in serum [1], and 
human [2,3] and mammalian tissues [4--6]. Several peptidases were isolated 
from those tissues [7--10]. A determination of leucine aminopeptidase activ- 
ity in serum using L-leucyl-/~-naphthylamide as a substrate is used generally for 
diagnosis of hepatic disease [11,12] and assessment of placental function for 
evaluating the status of pregnancy [13,14]. However, previous investigators 
reported that  L-leucyl-~-naphthylamide used as a substrate of leucine amino- 
peptidase might be hydrolyzed by a variety of peptidases in serum [15,16]. 

In a previous paper, we demonstrated that  the method for determination of 
peptidase activity in serum coupling with L-amino acid oxidase obtained from 

This forms Part CXXXVII of "Studies on Enzymes" by M. Sugiura. 
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venom of Agkistrodon caliginosus could be applied in clinical diagnosis of 
hepatic diseases [17]. The activity of peptidase, where L-Leu-L-Leu served as 
a substrate, was markedly elevated in the serum of patients with acute hepa- 
titis and hepatoma. From the result of experiments with rats, this peptidase 
seems to leak out  from the liver [17]. In this paper, we described the purifica- 
tion of peptidase from human liver, and discussed its properties. 

Materials and Methods 

DEAE-cellulose and CM-cellulose were obtained from Brown Co. (U.S.A.). 
The following peptides were used in this study: L-Leu-L-Leu, purchased from 
Fluka AG (Switzerland); L-Phe-L-Tyr and L-Leu-Gly-Gly from Miles-Yeda Ltd. 
(U.S.A.); Gly-L-Leu, L-Phe-L-Phe, hippuryl-L-Phe, L-Leu-NH2, L-Phe-L-Pro, 
L-Leu-fl-naphthylamide and L-Cys~i-/3-naphthylamide from Sigma Chem. Co. 
(U.S.A.). Peroxidase (Sigma Type I, 94 units/mg) was obtained from Sigma 
Chem. Co. (U.S.A.); 

The L-amino acid oxidase used was a peptidase-free preparation purified 
from venom of Agkistrodon caliginosus in the same manner as described pre- 
viously [17]. 

The crude enzyme was prepared in the following procedure. 1 kg of frozen 
human liver was homogenized with 3 1 of water and 3 1 of n-butanol (liver/ 
water/n-butanol, 1 : 3 : 1) and was centrifuged at 10 000 × g for 10 min. The 
supernatant was treated with 60% acetone at 0°C to precipitate the protein. 
Distilled water was added to the precipitate and the soluble fraction was used 
as the crude enzyme. 

Peptidase activity was measured in the same manner as described previously 
[17]. The incubation mixture contained 4 pmol of L-Leu-L-Leu in I ml of 50 
mM Tris • HC1 buffer (pH 8.0), 20 ul of L-amino acid oxidase (20 units/ml), 
2 ml of color reagent in which 8 mg of 4-aminotipyrine, 20 pl of N,N-dimethyl- 
aniline and 300 units of peroxidase were dissolved in 100 ml of 50 mM Tris • 
HC1 buffer (pH 8.0), and 0.1 ml of the enzyme solution. The reaction was 
carried out  at 37°C for 20 min and was stopped by addition of 1 ml of 0.1 M 
acetic acid. Absorbance (a purple color was produced) was measured at 550 
nm. A unit of peptidase activity is defined as 1 pmol of L-Leu-L-Leu hydrol- 
yzed per min at 37°C. 

Protein was determined by the method of Lowry et al. [18] using bovine 
serum albumin as a standard, and its absorbance was measured at 280 nm. 

Disc electrophoresis in polyacrylamide gel (7.5%, pH 9.4) was carried out 
according to the procedure of Davis [19]. After electrophoresis, the gel was 
placed in 12.5% trichloroacetic acid to fix the protein, and the protein was 
stained with 1% Amido Black 10B. Staining for enzyme activity was also car- 
ried out, using a formazan system of the following composition: 10 mg of 
L-Leu-L-Leu, 10 mg of 3-(p-iodophenyl)-2-(p-nitrophenyl)-5-phenyl-2H-tetra- 
zolium chloride (INT), 0.2 mg of N-methylphenazine methosulfate (PMS) and 
2 units of L-amino acid oxidase in 10 ml of 10 mM Tris • HC1 buffer (pH 8.0.). 
The gels were placed in this staining solution and kept in the dark at the room 
temperature for 1 h. 
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SDS disc electrophoresis in polyacrylamide gel (5%) was performed by the 
method of Weber et al. [20]. 

Protease activity was determined by the method of Matsubara et al. [21] 
using casein as a substrate. 

Results 

Purification of peptidase from human liver 
The crude enzyme was fractionated with ammonium sulfate. The precipi- 

tate between 40--50% of (NH4)~SO4 saturation was collected and dialyzed 
against 5 1 of 10 mM Tris • HC1 buffer (pH 8.0) for 20 h at 4°C. 

The enzyme was applied to a DEAE-celluose column (2 × 26 cm) equili- 
brated with 10 mM Tris • HC1 buffer (pH 8.0). After the column had been 
washed with 300 ml of the same buffer, the peptidase was eluted with a linear 
concentration gradient from 0 to 0.3 M NaC1 in 10 mM Tris • HC1 buffer (pH 
8.0), shown in Fig. 1. 

The active fraction was concentrated by a membrane filter (Diafilter MC-2 
Type, membrane; G-10T, Nihonshinkugijutsu Co. Ltd., Japan) and dissolved 
in 10 mM Tris • HC1 buffer containing 0.1 M NaC1 (pH 8.0), and applied to 
a Sephadex G-150 column (3.5 X 65 cm) equilibrated with the same buffer. 
The elution pattern is shown in Fig. 2. The active fraction was collected and 
the buffer was exchanged for 10 mM phosphate buffer (pH 6.0). 

The purified fraction of the Sephadex G-150 gel filtration was passed 
through CM-cellulose column (2 X 16 cm) equilibrated with 10 mM phosphate 
buffer (pH 6.0), and the effluent was collected and used as a purified pepti- 
dase preparation. The above-mentioned purifying procedure is summarized in 
Table I. The final preparation was purified about l l00- fo ld  based on crude 
enzyme with a recovery of 17.5%. 

To prove homogeneity of the purified enzyme, the preparation was sub- 
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Fig .  1. P u r i f i c a t i o n  o f  h u m a n  l i v e r  p e p t i d a s c  by  D E A E - c e l l u l o s e  c h r o m a t o g r a p h y .  T h e  c r u d e  e n z y m e  
was a p p l i e d  t o  a D E A E - c e l l u l o s e  c o l u m n  (2 X 26  c m )  e q u i l i b r a t e d  w i t h  10 m M  Tris  - HCl  b u f f e r  ( pH  

8 ;0 ) .  Th e  c o l u m n  was  w a s h e d  w i t h  t h e  sa :~e  b u f f e r ,  a n d  t h e n  e l u t e d  w i t h  a l i n e a r  c o n c e n t r a t i o n  gra- 

d i e n t  o f  0 to  0 . 3  M NaCl  in  10  m M  Tr i s  - HCl  b u f f e r  ( p H  8 .0 )  ( 5 0 0  ml  + 5 0 0  m l ) .  e - - - - ~ ,  p r o t e i n  

( A 2 8 0 ) ;  . . . . .  , p e p t i d a s e  a c t i v i t y ;  - -  NaCl  c o n c e n t r a t i o n .  
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Fig. 2. Pur i f ica t ion  of  h u m a n  liver pept idase  by  S e p h a d e x  G - 1 5 0  gel f i l trat ion.  Dt~AE-ce l lu lose  fract ion 
c o n c e n t r a t e d  to  20  ml  was  appl ied to  Sephadex  G - 1 5 0  c o l u m n  (3.5 X 65 c m )  equi l ibrated wi th  10 m M  
Tris • HCl buf fer  (pH 8 .0 )  conta in ing  0.1 M NaC1, • • ,  p ro te in  (A2 8 0 ) ;  o . . . . . .  o, pept idase  activ- 
i ty .  

mitred to disc electrophoresis (7.5% polyacrylamide gel, pH 9.4). The purified 
enzyme gave a single band of protein and activity on the gel as shown in Fig. 3. 
Electrophoresis of  the enzyme under denaturing conditions on sodium dodecyl  
sulfate polyacrylamide gel indicated that the enzyme is a dimer consisting of  
two subunits of  equal molecular weight, 60 000.  

Fig. 4. shows the electrophoresis pattern of  purified enzyme and serum pep- 
tidase on Cellogel (5 X 6 cm). The electrophoretic mobility of purified enzyme 
was the same as that of  serum peptidase; it migrated between ~2- and ~-globu- 
lin. 

Optimum pH and pH stability 
The opt imum pH of the enzyme was pH 8.2--8.6.  Examination of  pH- 

stability of the enzyme was carried out  by the following procedure. The en- 
zyme was incubated at various pH values at 37°C for 15 min, and then the 
activity remaining was determined. The enzyme was stable between pH 8.0 
and 10.0,  and was extremely unstable below pH 6.0. 

T A B L E  I 

P U R I F I C A T I O N  OF P E P T I D A S E  F R O M  H U M A N  L I V E R  

Step o f  pur i f i ca t ion  Act iv i ty  Protein Spec i f ic  Yield o f  act iv i ty  
(units)  * (A 280 n m )  act iv i ty  * * (%) 

Crude e n z y m e  1990  35400  0 .056  100 

Precipi tat ion wi th  
(NH4)2SO 4 (0 .4 - -0 .5  sa tu ra t ion)  515 4 0 3 0  0 .128  25.9 

DEAE-cel lu lose  c h r o m a t o g r a p h y  401 289 1.39 20 .2  

S e p h a d e x  G-150  gel f i l trat ion 224 33.5 6.67 11.3 

CM-cel lulose  c h r o m a t o g r a p h y  346 5.48 63.3 17.5 

* H y d r o l y z e d  L-Leu-L-Lvu  jumol /min .  
** H y d r o l y z e d  L-Leu-L-Leu  ~ m o l / m i n  per  unit  A 2 8 0nm-  
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Fig. 3. Disc gel e lec t rophores i s  of  pep t idase  pur i f ied  f r o m  h u m a n  liver. Condi t ions:  pH 9.4,  3 m A [ t u b c ,  
90  m i n ,  4°C.  Gel (b)  was s ta ined wi th  A m i d o  Black 10B for  p ro te in ,  gel (a) was s ta ined for  ac t iv i ty  
wi th  L-Leu-L-Leu as subs t ra te .  

Fig. 4. E l ec t rophore t i c  pa t t e rn s  of  h u m a n  liver pept idase  and se rum pep t idase  on Cellogel. Condi t ions :  
p H  8 .6 ,  0.8 m A / c m ,  60 rain,  4°C.  (a) Pept idase pur i f ied  f rom h u m a n  liver,  (b) pept idase  in s e ru m of 
pa t i en t  wi th  acute  hepat i t i s .  (a) and (b) were  s ta ined for  act iv i ty  wi th  L-Leu-L-Leu  as a subs t ra te ,  (c) 
was s tained for  s e rum  p ro te in  wi th  A m i d o  Black 10B. 

Thermal stability and opt imum temperature 
The e n z y m e  was t r ea t ed  in 10 mM Tris • HC1 bu f f e r  (pH 8.0) for  1 5  min  at  

the  t e m p e r a t u r e  ind ica ted ,  and  the  r emain ing  ac t iv i ty  was d e t e r m i n e d .  The  en- 
z y m e  act iv i ty  decreased  a t  40°C and above ,  bu t  the  e n z y m e  was s table  be low 
40 ° C. I t  was f o u n d  tha t  the  o p t i m u m  t e m p e r a t u r e  of  the  e n z y m e  was 45 ° C. 

Molecular weight 
The  molecu la r  weight  o f  the  e n z y m e  was d e t e r m i n e d  b y  Sephadex  G-200  

gel f i l t ra t ion.  The  mo lecu l a r  weight  o f  the  e n z y m e  was e s t ima ted  to  be  130 000.  

Isoelectric point  
The isoelectr ic  po in t  o f  the  e n z y m e  was f o u n d  to  be  pH 5.6 by  isoelectr ic  

focus ing wi th  1% a m p h o l y t e  (pH 3 .0 - -10 .0 ) ,  as shown  in Fig. 5. The  resul t  indi- 
ca ted  t ha t  there  was no  h e t e r o g e n e i t y  in the  e n z y m e .  

K m value 
The  Km value o f  the  e n z y m e  was invest igated by  the  s tandard  assay sys t em 

and was es t ima ted  to  be 0 .29 mM for  L-Leu-L-Leu.  

Effect o f  metal ions and reagents on the peptidase 
Table  II  shows the  e f fec ts  o f  me ta l  ions and  reagents  on the  e n z y m e .  The  

pur i f ied  e n z y m e  was ac t iva ted  b y  10 -3 M Mn 2÷ and inhib i ted  by  10 -3 M Hg 2÷. 
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Fig.  5. I soe lec t r ic  focus ing  of  h u m a n  l iver  pep t i da se .  T h e  pu r i f i ed  e n z y m e  (6 .12  un i t s )  was  appl ied  to  

an i soe lee t r ic  f o c u s i n g  c o l u m n  (110  ml )  wi th  1% car r ie r  a m p h o l y t e  (pH 3 .0 - -10 .0 ) .  

The other metal ions except  Mn 2+ and Hg 2+ did not  affect the enzyme activity. 
Chelators such as o-phenanthroline and cysteine, oxidizers such as N-bromo- 
succinimide and iodine also effectively inhibited the enzyme activity. 

Specificity of the peptidase 
Specificity for substrate was investigated and the result is shown in Table 

III. The amount  of hydrolyt ic  activity of this enzyme towards L-Phe-L-Phe 
was similar to that for L-Leu-L-Leu, but L-Leu-Gly-Gly, L-Phe-L-Tyr and 
L-Leu-Gly were hydrolyzed slightly by the enzyme. Casein was not  hydrol- 
yzed by the enzyme. The enzyme has a high substrate specificity for L-Leu-L- 

T A B L E  II 

E F F E C T  O F  V A R I O U S  M E T A L  I O N  A N D  R E A G E N T S  ON A C T I V I T Y  O F  H U M A N  L I V E R  PEPTI -  
D A S E  

The  e n z y m e  was i n c u b a t e d  wi th  the  m e t a l  i ons  and r eagne t s  in 10 m M  Tris  • HC1 b u f f e r  (pH 8.0)  a t  

3 7 ° C  for  30 ra in .  1 m M  m e t a l  ions  and  r eagen t s  were  used in the  e n z y m e  s y s t e m  e x c e p t  fo r  p -ch lo ro -  

m e r c u r i b e n z o a t e ,  0.1 raM. A f t e r  t he  i n c u b a t i o n  m i x t u r e  had  b e e n  d i lu ted  1000- fo ld  wi th  10 m M  Tris  • 
HC1 b u f f e r  (pH 8.0) ,  t he  r e m a i n i n g  ac t iv i ty  was  assayed .  

Metal  ion R e m a i n i n g  ac t iv i ty  (%) R e a g e n t  R e m a i n i n g  ac t iv i ty  (%) 

N o n e  100  

NaCI 105  o - P h e n a n t h r o l i n e  26 

CaCI 2 85 E D T A  81 

MgCl 2 96 D i i sop ropy l  f l u o r o p h o s p h a t e  83 
Z n S O  4 100  M o n o i o d o a c e t a t e  104  
CdSO 4 74 p - C h l o r o m e r c u r i b e n z o a t e  99 
CuCl 2 86 N - B r o m o s u c c i n i m i d e  8 
NiCl 2 87 Iod ine  3 
MnCl 2 210  Cys te ine  26 
CoCl 2 86 2 - M e r c a p t o e t h a n o l  89 
FeCI 3 81 
HgCl 2 52 



584 

T A B L E  III  

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

The  values  were  ca lcu la ted  as p e r c e n t a g e  of  L -Leu-L-Leu  hyd ro ly s i s .  

Subs t r a t e  C o n c e n t r a t i o n  of  subs t r a t e  ( m M )  Rela t ive  ac t iv i ty  (%) 

L-Leu-L-Leu  1 .50 100 

L-Phe-L-Phe 0.11 99 .4  

L-Phe-L-Ty r 1 .50  21.1 

L-Leu-Gly-GIy  1 .50 15.8  

L-Leu-Gly  1 .50 8.6 

L - L e u - ~ - n a p h t h y l a m i d  e 0 .50  0 .2  

L -Leu -NH 2 2 .00 0 

GIy-L-Leu  1 .50 0 

L-Phe-L-Pro 1 .50 0 

H ippu ry l -L -Phe  1 .50 0 

L-Cy s-di-~3-naphthylamide 0.67 0 

Casein 1.67 (%) 0 

Leu barely hydrolyzed L-Leu-Gly, L-Leu-Gly-Gly, L-Leu-NH2 and L-Leu-f~- 
naphthylamide,  which were used as substrates of leucine aminopeptidase. From 
this result, it is suggested that  the peptidase is different from leucine amino- 
peptidase. 

Discussion 

The peptidase which had a high specificity for L-Leu-L-Leu was purified 
homogeneously from human liver by following procedure; t reatment  with n- 
butanol, acetone precipitation, ammonium sulfate fractionation, DEAE-cellu- 
lose chromatography, Sephadex G-150 gel filtration and CM-cellulose chroma- 
tography. It seemed that  the t reatment  with n-butanol was necessary for sep- 
aration of the enzyme protein from lipid material and solubilization of the 
enzyme. The result agrees with the report of Campbell et al., which describes 
the purification of peptidase from hog kidney [22]. 

Although it is recognized generally that  peptidases in several mammalian 
tissues exist as multiple forms [5,22], there is no multiple form in this pepti- 
dase from human liver as the result of isoelectric focusing and disc electro- 
phoresis experiment. 

A number of peptidase are known to be metalloenzymes containing zinc 
[8,22,24]. Since this peptidase from human liver was activated by Mn 2+ and 
inhibited by chelators such as o-phenanthroline, EDTA and cysteine, it is sug- 
gested that  the peptidase is probably a metalloenzyme. Garner et al. [24] re- 
ported that  human liver aminopeptidase was activated by Co 2., but this pepti- 
dase was not  activated by Co 2+. This permits the enzymes to be distinguished 
from each other. 

From the elevation of the enzyme activity in serum involved with hepatic 
disease and the same electrophoretic mobility of the enzyme purified from 
human liver, and peptidase in serum of patients with hepatic diseaes, it can 
be suggested that  this enzyme w.ay leak from liver tissue to serum. 

Considering these results, we should go on working to clarify the relation- 
ship between hepatic disease and peptidase. 
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