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An L4eucine amlnopeptldase (a-aminoacyl-peptlde hydrolase (cytosol), EC 3 4 11 1), having a specificity toward 
the substrate L-leucine amide, but not toward L-leucyl 3-naphthylamlde or L-leucyl p-nitroandide, has been 
purified 332-fold from swine liver, with a yield of 8 6% This is the first punficatmn of this enzyme from hepatic 
tissue The punfied enzyme submitted to analytical electrophoresls on cellulose acetate strips or in polyacryl- 
amlde gel showed a single band after staining with Ponceau S Red dye or Amido black, respectively Purified 
swine liver L-leuclne ammopeptldase, a cytosol enzyme, exhibited a molecular weight of 268 000-+ 50000 by 
gel filtration It hydrolyzed L-leucine amlde substrate and L-leucyl peptides It was activated by Mg x÷ and Mn x+ 
and inhibited by Co x+ and Zn x÷ The optimum pH was 10 It was rather sensitive to heat elevation Swine hver 
L-leuclne amlnopeptidase was inhibited by EDTA, citric acid, isocaproic acid, dodecylamine, aliphatic alcohols 
and p-chloromercuribenzoate but unaffected by monolodoacetic acid and dnsopropyl fluorophosphate 

Introduction 

The L-leucme amlnopeptldases (a-amlnoacyl-pep- 
tide hydrolase (cytosol), EC 3 4 11 1) are zinc con- 
taming a-aminoacyl-peptxde hydrolases of broad 
specificity They hydrolyse most L-peptldes, splitting 
off an N-terminal residue possessfng a free c~-amlno 
group L-Leucme amlde is recognized as a good sub- 
strate for these enzymes 

L-Leuclne amlnopept~dases have been isolated and 
purified from several anmaal organs from hog kidney 
by Spackman et al [1], Smith and Hill [2] and by 
Hanson and Hutter [3] Hanson et al [4] also puri- 
fied and crystallized a L-leucine aminopeptldase from 
bovine-eye lens tissue 

At present, little information has been reported 
concerning hver L-leucine amlnopeptldase Tamura et 
al [5] demonstrated the presence of L-leuclne amlde 
sphttlng activities in blomelaln-treated rat liver and in 
rat plasma after hepatoblhary damage, but no 
purification was attempted 

An L-leucyl-glycane sphttlng activity [6] has also 
been reported in human serum, particularly during 
hepatic disease states 

In preceding papers, we described two t-leuclne 
amlnopeptldase activities in human sera One activ- 
Ity present in normal and pathological sera, has an 
optimal velocity at pH 7, and is not activated by Mg 2+ 
[7] The other, present only in hepatic diseases, 
exhibits an optm~al activity at pH 9 and is strongly 
activated by Mg 2+ and Mn 2+ [8] 

In the present work, we describe the purification 
of an L-leuclne ammopeptldase from swine liver and 
we present a study of its enzymatic properties This 
enzyme is significantly different from the human 
liver naphthylamldase partially purified by Smith et 
al [9] 

Materials and Methods 

Substrates and e)'Jeetors 
L-Leuclne amxde hydrochlorlde (pure A R ) w a s  
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obtained from Koch-Light, L-phenylalanlne amlde, 
L-tyroslne amlde, L-leucyl-glycyl-glyclne and 
L-leucyl-glycme from Schwarz Mann, glyclne, 
L-leuclne, glycme amxde hydrochlonde, N-valeramlde, 
acetamlde, succmlmlde, nlCotlnam~de, oxamlde, 
benzamlde, butyramlde, proplonamlde, monoxodo- 
acetic acid, natrmm p-chloromercurlbenzoate and 
dllsopropyl fluorophosphate from Fluka, reduced 
glutathlone, MgC12 6 H20, EDTA 2 H20 Tltrlplex 
III, citric acid H20, COSO4, ZnSO4 and MnC12 from 
Merck, lsocaprolc acid from Schuchardt, dodecyl- 
amine and alcohols from Prolabo, and proteins of 
various molecular weights from Boehrmger 
("Comblthek") 

Enzyme a~sa)' 
The L-leucme ammopeptldase standard assay was 

performed by following the hydrolysis of L-leuclne 
amxde substrate according to a method proposed by 
our laboratory for use with human sera [8] 50-gl 
ahquots were mixed with 1 ml 10 mM L-leucme 
amlde/10 mM sodium borate buffer (pH 10)/1 5 mM 
MgC12 and incubated for 15 mln at 37°C The 
ammonia hberated was measured colorlmemcally, at 
the rate of 60 samples/h, with phenol hypochlonte 
by the method of Berthelot [10] adapted to the 
Techmcon I Auto Analyzer with automatic dialysis 
against 0 15 M NaC1 

The hydrolysis of two substrates, L-leucyl p-nltro- 
anlllde and L-leucyl /3-naphthylamlde were deter- 
nuned colorlmetrlcally L-Leucyl p-nltroanlhde 
hydrolase activity was determined at 25°C and pH 7 2 
at 405 nm, according to Nagel et al [11] using "Test 
combination L A P ", manufactured by Boehrmger 
Mannhetm GmbH Dlagnostlca I.-Leucyl /3-naphthyl- 
amlde hydrolase actwlty was determined at 37°C and 
pH 7 0 by the procedure ofArst et al [12] liberated 
/3-naphthylamlde was converted into an azo die and 
condensed with naphthylethylene dlamme dlhydro- 
chloride The absorbancy at 560 nm was recorded 
Other substrates were tested replacing L-leucme 
amlde m our standard conditions by various amides 
and pept~des at the same concentration 

Ammoma hberated from amides was measured by 
the method of Berthelot [10] and the amino acids 
hberated from the peptldes were analyzed by electro- 
phoresls or chromatography Electrophoresls of 
amino acids was performed on Whatman No 1 paper 
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sheet m 12 ml pyrldlne/40 ml acetic acid to 2 1 with 
H20 (pH 39)  The running time was 3 h a t 4 5 0 V  
The amino acids, glyclne and L-leucane, were wsual- 
~zed with 1% nmhydrln reagent One-dimensional 
descending paper chromatography of amino acids was 
performed with butanol/acetic acid/water (4 1 5, 
v/v) for 20 h at 23°C on Whatman No 1 paper and 
stained with 1% nmhydrln reagent 

Metal acttvatton 
Four metal ions (Mg 2÷, Mn 2+, Co 2÷ and Zn 2+) were 

tested independently according to standard condi- 
tions of L-leuclne amlnopept~dase assay as described 
above, with the exception that 1 5 mM Mg 2+ was 
replaced for each studied bivalent cation by 1 mM 
concentration, because higher molaratles at pH 10 
could lead to Zn 2+ or manganese hydroxide precipita- 
tion, perturbing enzyme assay by Berthelot's reac- 
tion 

blhtbttors 
After m~xmg at various concentrations with the 

L-leuclne armde substrate (Table III), the L-leucme 
amlnopeptldase activity was determined under our 
standard conditions 

Influence o f  ahphattc alcohols 
Influence of methanol, ethanol, n-propanol, 

n-butanol, lsopropanol and secondary butanol was 
studied, using our standard assay for L-leuclne amlno- 
peptldase activity, after 30 mm premcubatlon at 37°C 
of a 50% mixture (v/v) of alcohol/enzyme 

Protein determmatton 
Protein was determined b) the method of Lowry 

et al [13] which we adapted for a Techmcon I Auto 
Analyzer, equipped with a 625 nm interference filter 
We used bovine serum albumin as standard 

Molecular steve o f  protems by gel filtratton on 
Sephadex G-200 

Sephadex G-200 (Pharmacla Sweden Fine Chemi- 
cals) was preswollen for 5 days at 4°C in a 25 mM 
sodium borate buffer (pH 8) and poured into a 
1 × 0 01 meter glass column and allowed to sediment 
by free flow, until the height of the gel reached 60 
cm 

Protein solunons of various molecular weights 
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from Boehrmger ("Comblthek") and purified swine 
hver L-leuclne amlnopeptldase were deposited at the 
top of the column and elutmns were performed with 
25 mM sodium borate buffer (pH 8) [14] The molec- 
ular weight was calculated by determining the ratio of 
the elutlon volume of ammopeptldase to the void 
volume of the column, after calibrating the column 
wath the following pure proteins of known molecular 
wmght, chymotrypslnogen (M~ 25 000), Bovine serum 
albumin (68000), Aldolase (158000), Catatase 
(240 000), Ferntln (450 000) 

Metal content 
Zn 2+, Mg 2+, Co 2÷ and Mn 2÷ were measured by 

atomic absorption spectroscopy and protein by the 
method of Lowry et al [13] 

pH acttwty studtes 
These studies were made at the same time with a 

purified enzyme and a swme-hver crude homogenate, 
according to the standard conditions, except for pH, 
which vaned from 7 to 12 Moreover stmllar experi- 
ments were performed wathout the addition of Mg 2+ 

tteat denaturation of enzyme 
Swine liver enzyme samples were submitted to 

premcubatlon at 5°C, intervals from 50-75°C 
Ahquots taken out after 1,2, 3, 5, 10, 15 and 20ram 
were analyzed for L-leuclne amlnopeptldase activity 
m standard conditions either with or without 1 5 mM 
Mg 2÷ 

K m deterrtllttatlotl 
Kinetics of swine liver L-leucme ammopeptldase 

activity were determined in standard condmons, the 
L-leucme amlde concentration varying from 1 to 40 
mM 

Preparatton (~] the crude homogenate 
Fresh hog hver obtained from a slaughter house 

was dwaded into portions each weighing about 60 g, 
frozen and maintained at -20°C At this temperature 
the tissue could be stored for several months without 
loss of L-leuclne amlnopeptldase actiwty After 
thawing, 5 g samples of hog hver were homogenized 
for 20s  in 25 ml isotonic NaC1 m an Ultraturrax 
homogemzer This procedure was repeated until 60 g 
hver homogenate were suspended an 300 ml NaC1 

The entire suspension was centrifuged at 17 000 rev/ 
rain (23 000 × g) for 15 mm at 4°C 

A cetone prectpttatton 
To 1 vol centrifuged supernatant 1 5 vol 60% 

aqueous acetone solution at -20°C was added The 
mixture was maintained for 30 mm at the same 
temperature and centrifuged at 9000 rev/mm 
(8 000 ×g) for 10 man The resultant supernatant was 
discarded and the pellet was resuspended m a volume 
of water corresponding to one-fourth of the mmal 
supernatant, homogenized and centrifuged for 10 mm 
at 9 000 rev/ram (8 000 × g) at 4°C 

DEAE-Sephacel column chromatography 
Chromatography was performed at 4°C DEAE- 

Sephacel (bead-formed, preswollen cellulose aon 
exchanger) (Pharmacla Free Chemicals, Uppsala, 
Sweden) washed by successive decantations with 
0 5 M sodium borate buffer (pH 8) and equilibrated 
with 25 mM sodium borate buffer (pH 8) was then 
poured into a 5 × 18 cm chromatography glass 
column and washed wxth equdlbratlon buffer at free 
flow for 48 h A 60-ml ahquot of the acetone-precipi- 
tated enzyme solution was introduced mto the 
column Elutlon was perfmmed by washing with 330 
ml of a 25 mM sodium borate butle~ (pH 8) over a 
24-h perxod, followed by a 50 300 mM sodium 
chloride gradient (330 ml) developed over a 24 h 
period employing an Ultrograd LKB gradient mLxer 
All fractmns contained 4 6 ml 

Preparattve Cellogel bloc k electrophorests 
Cellogel blocks for electrophoresls (Cellogel 

Chemetron Mflano) (4 × 17 cm) were xmmersed over- 
mght In a 80 mM veronal buffer (pH 8 4) prevaous to 
use Solutions to be analyzed (0 5 ml) were applied 
to a perforated deposit hne 2 5 cm from the cathodic 
extremity of the Cellogel block Electrophoresls was 
performed for 5 h wxth a 25 mA constant current in 
each block One block was stained with Amldo black 
m order to Vlsuahze protein Other blocks were cut 
into ten fracnons and eluUon performed by extruding 
the llqmd through a specially designed SPFU 
Chemetron press syringe 

A nalytlcal electrophorests 
(a) Cellulose a~etate strip analytwal electro- 



phorests 2 or 3 ~1 of sample were deposited with the 
aid of an apphcator on strips of Cellogel (Cellogel 
Chemetron Mflano) (2 5 × 17 cm) 40 mM veronal 
(pH 9 2) was the buffer used for electrophoresls 
Electrophoresas was carried out at 200 V for 75 mln 
The bands were stained with Ponceau S Red dye and 
the background clarified by rinsing the sheets three 
rimes with a 5% acetic acid solutmn 

(b) Polyacrylamlde gel-disc electrophorests 
(Research dtsc electrophorests eqlapment-Model 
1200 Canalco) About 5 #1 of sample (2 75 g 
protein/I) to be analyzed were mixed with the loading 
gel The stacking gel m 0 5 M Tns buffer (pH 
6 6 -6  8), and the separating gel an 1 5 M Tns buffer 
(pH 8 8-9)  were both 5% cross-linked Electro- 
phoresls was performed for 40 man in 25 mM Trls/ 
0 19 M glyclne buffer (pH 8 2 -8  4) with a 5 mA/ 
tube constant current Gels were stained with Amldo 
black and then destamed for 90 mm at 10 mA/tube 
m an 7% acetic acxd bath 

Results 

Pig hver was fracnonated into various cellular 
components according to the method of Appelmans 
et al [15] in order to determine the cellular location 
of g-leucme ammopeptadase actav~ty The results 
(Table I) demonstrated that the swine hver L-leuclne 
ammopepndase actwxty ~s almost excluswely located 

TABLE I 

CELLULAR LOCATION OF SWINE LIVER L-LEUCINE 
~MINOPEPTIDASE 

Total Actwxty 
enzymatic (%) 
activity 
(IU) 

Step I 
600 xg 10 mm (nude0 

Step II 
20 000 Xg 10 nun (mltochondrm) 

Step III 
105 000 Xg 60 mm 
Pellet III (ribosomes) 

Supernatant III 
Cytosol 

27 8 8 

12 39 

33 11 

264 86 2 
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in 105000Xg supernatant corresponding to the 
cytosol 

Purt/watton of swtne hver L-leucme amlnopeptldase 
The enzyme was precipitated from the supernatant 

fractxon obtained from the crude homogenate by 
addxng 60% aqueous acetone solunon as described At 
lower percentages, the full prec~pltanon of the 
enzyme was not obtained The yxeld was not 
~mproved by increasing the acetone percentage over 
60%, but the specific activity decreased The acetone- 
precapltated enzyme preparallon exhibited a 11 3- 
fold purlficanon and a 58 7% yield, starting with the 
crude homogenate (Table II) 

The enzyme was further purified from the 
acetone-precipitated enriched preparation by chro- 
matography on DEAE-Sephacel as shown in Fig 1 
Elutlon was carried out mmally with a 25 mM 
sodmm borate buffer (pH 8) separating out a protein 
peak without any L-leucme amlnopeptldase acnvlty 
Then, using a 50-300 mM NaC1 gradient, a second 
protein peak was eluted, just m the front of the 
L-leucme amlnopeptldase actlvaty Activities toward 
L-leucyl 3-naphthylamlde and L-leucyl p-nltroanlhde 
substrates were also evidenced, but these activities 
were very weak and shafted to the back side of the 
L-leuclne ammopeptldase peak (Fig 1) The fractions 
between 813 and 888 ml contained almost the entare 
activity toward the L-leucme amade substrate These 
fractaons were pooled, dialyzed overnight against 
delomzed water at 4°C, concentrated with a rotatory 
evaporator at 30°C and reduced to a volume of 2 5 
ml 

A 0 5 ml sample of the preceding solution was 
apphed on five Cellogel blocks and submitted to 
preparative electrophoresls After 5 h, a coloured 
zone could be seen on the anlomc sade followed by a 
dlfferentmted streak from the origin to the preceding 
spot These zones could be stained by Amldo black, 
showing protein heterogeneaty The block was cut 
into ten fractions starting from the deposit hne to the 
anodlc side After elutlon, the L-leuclne ammo- 
peptldase activity was found m fractions 6, 7 and 8, 
which magrated faster than the mare protexn fractmn 
Fracnon 8 extublted the highest enzymatic activity 
(spec act 338 7) and the yaeld was 8 6% starting 
from the crude homogenate (Table II) 

Cellulose acetate strap analytical electrophoresas 
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TABLE II 

PURIFICATION OF L-LFUCINE AMINOPEPTIDASE FROM PIG LIVER 

Enzymatic 
Actwlty 
(I U/ml) 

Protein Speclhc Punficatxon Yield 
(mg/ml) Actwmy (%) 

(I U/mg) 

Homogenate 27 44 
Step 1 (supernatant, 23 000 ×g lot 15 ram) 32 76 
Step 2 (acetone precxpltauon) 83 86 
Step 3 (DEAE-Sephacel ctlromatograph2¢ 38 
Step 4 (preparaUve Cellogel block electrophoresls) 

Fractmnno 6 11 34 
Fraction no 7 72 45 
Fracnon no 8 105 

26 92 1 02 1 100 
21 5 1 52 l 5 

7 27 11 53 11 3 58 7 
1 58 24 05 235 365 

0 78 14 53 14 2 0 3 
042 1725 169 1 36 
0 31 338 7 332 8 6 

performed as a control of purity, showed by staining 
with Ponceau S Red dye, that fraction 7 still con- 
tamed an important part of the mapuntles, whale in 
fraction 8 a single coloured band could be observed 
After eluUon thas band was active toward L-leuclne 
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amlde substrate Polyacrylamlde gel electrophoresls 
also showed a single band after staining with Amldo 
black, but enzymatic actxvlty was inhibited by 
TEMED, necessary for gel preparatxon, and could not 
be demonstrated (Fig 2) 
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I~xg 1 Ion-exchange chromatography on DEAE-Sephacel of swine hver L-leucme ammopepndase whxch has been paxtlally pun- 
fled by precipitation with acetone Elutlon is performed at first wlth a 25 mM sodmm borate buffer (pH 8) then with 50-300 
mM NaCI gra&ent (m , )  In each tractmn, the level of protein (A A) and the sphttmg acUvmes toward L-leuclne 
amade (* *), L-leucyl p-mtroandlde (+ +) and L-leucyl ~-naphthylamxde ( , ) substrates are determmecl All 
fracnons contained 4 6 ml 
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Fig 2 Electrophoretlc control at various stages of punnca- 
tion ot swine hver L-leucme amInopeptldase on cellulose 
acetate strips (a-c) and on polyacrylamlde gel (d) a, pooled 
active fracUons from DEAE-Sephacel chromatography, b, 
partmlly purified (fractmn No 7 of Cellogel preparation 
block electrophoresls), c and d, purified enzyme preparation 
(Iractmn No 8) 

Enzymatw properties 
Substrate spectfictty The enzyme was highly 

specific for L-leuclne amxde with the exception of  
some aromatic amino acid amides L-tyroslne amlde 
and L-phenylalanlne amlde (respectwe actwlty 4 and 
5 7%, relative to leucme amIde sphttmg activity = 
100%) Other amides studied (proplonamlde,  
butyramide,  glyclnamlde-HC1, n-valeramlde, L-aspara- 
gine-HC1, succlnlmlde, nlcotlnamlde, benzamlde, 
acetamlde, L-glutamme and oxamlde) were not spilt 

Swine hver L-leucme amlnopepudase hydrolyslng 
actlwty on chromogenlc substrates was very low 
compared to L-leuclne amlde In our experience, the 
actwmes toward substrates L-leucyl l~-naphthylamlde, 
L-leucyl p-nltroanthde and L-leuclne amlde were, 
respectively, 0 054 I U / m l ,  0 027 I U / m l  and 105 
I U / m l  m the purified L-leuclne amlnopeptldase from 
swine hver, and 0 7 6  I U / m l ,  0245  I U / m l  and 
27 44 I U / m l  m crude homogenate Thus, the ratios 
of  activmes toward L-leucyl 13-naphthylamlde or 
L-leucyl p-nl troandlde/act lvl ty toward L-leuclne 
amlde were, respectively, 0 00051 and 0 00025 with 
the purified preparation and 0 027 and 0 0089 with a 
crude swine liver homogenate Thus, after purifica- 
tion, and in comparison with the starting material,  
these ratios fell to 1 88 and 2 8% of their initial 
values, respectively, with L-leucyl/3-napthylamlde and 
L-Ieucyl p-nltroanlhde 
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L-Leucyl-glyclne dlpeptlde was completely 
hydrolyzed into free leuclne and glyclne, whale 
L-leucyl-glycyl-glyclne tr lpeptlde was spilt into free 
leuclne and glycyl-glyclne dlpeptlde,  and reduced 
glutathlone reinamed unmodlhed 

Metal acttvatton Our results in&cared that swine 
hver L-leucme amlnopeptldase activity was enhanced 
by 1 mM Mg 2÷ or Mn 2÷ concentration and was 

inhibited by 1 mM Zn 2+ or Co 2÷ (280, 354, 28 and 
60%, respectively, relative to enzyme lacking ions = 
100%) Although Mn 2÷ activation was more effective, 
we preferred to use Mg 2+ to avoid any precipitat ion 
This was all the more interesting since the curve of 
the enzymatic activity plot ted against Mg 2+ molarl ty 
showed that the 1 5 mM concentration retained for 
our standard assay, maximum velocity was obtained 
for swine liver L-leuclne amlnopeptldase actlvlty 

Inhtbltors The metal chelators EDTA and cxtrlc 
acid were lnhlbltors of  the enzyme (Table III) 
Dusopropyl fluorophosphate did not inhibit the 
enzyme nor did monolodoacet lc  acid However 1 mM 
sodmm p-chloromercunbenzoate  produced strong 
lnhlbltlOn (Table III) It is obvious that nonpolar 
hydrophoblc  hydrocarbon chains can compete with 
L-leuclne amlde substrate to occupy L-leucine amino- 

TABLE III 

EFFECT OF VARIOUS INHIBITORS ON L-LEUCINE AMI- 
NOPEPTIDASE ACTIVITY 

Reagent Concen- Relative activity 
tratlon 
(mM) without with 

any 1 5 mM 
Mg 2+ Mg~ 

None 100 280 
Natrlum 

p-chloro 
mercurlbenzoate 1 15 33 5 

Iodoacetlc acid 10 97 280 
Dusopropyl- 

fluorophosphate 10 97 5 269 
DodecylamIne 10 50 168 
Isocaprolc acid 100 86 196 

200 30 140 
EDTA 100 25 - 

200 0 - 
Citric acid 100 31 - 

200 6 - 
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TABLE IV 

INHIBITION OF L-LEUCINE AMINOPEPTIDASE AC- 
TIVITY BY VARIOUS ALCOHOLS 

The l-leucme ammopeptldase activity ~as tested alter 30 
rain premcubatxon at 37°C o~ a 50% mixture (v/v) o~ alco- 
hol and enzyme ~olutlon 

Alcohol Relative activlt} 

None 100 
Methanol 80 5 
Ethanol 78 
1-Propanol 47 3 
2-Propanol 62 2 
l-Butanol 38 1 
2-Butanol 68 

peptldase active sites Indeed, we observed substantial 
inhibition of  swine liver L-leucme amlnopeptldase 
activity in the presence of  100 and 200 mM 
xsocaprolc acid or of  10 mM dodecylamlne Inhibition 
of  L-leucme amlnopeptldase with allphatlc alcohols 
increased with length of  hydrocarbon chain (Table 
IV) Branched chain ahphatlc alcohols produced less 
inhibition than straight chain alcohols 

Molecular wetght The elutlon volume of liver 
L-leuclne ammnopeptldase from Sephadex G-200 was 
between those of  catalase (Mr 240000)  and f emtm 
(3/r 450 000) This elutlon volume coincided with an 
M r of 268 000 -+ 50 000 

Metal content oJ purtCted swine hver L-leucme 
ammopeptMase sohttton The results indicated Zn 2+ 
11 4 gatom and Mg 2+ 2 8 gatoms/mol pure enzyme 
Co ~+ and Mn 2+ were absent 

pH acttvlO' studtes No sigmficatlve difference in 
pH optima was lbund between the crude homogenate 
and the purified enzyme In both cases, a maximum 
was observed at pH 10 The enzymatic activity 
diminished as the pH decreased, and became very 
weak below pH 7 (Fig 3) 

tteat denaturatton of enz~bme Swine hver 
L-leuclne ammopeptldase is rather sensitive to heat 
elevation it is fully denatured in few minutes at 
37°C After a 20 mm prelncubatlon at 60°C, only 
32% of the initial activity was recovered Even at 
50°C, about 20% of enzymatic activity was lost after 
15 mm heating Furthermore,  it was observed that 
1 5 mM Mg 2+ did not significantly influence thermIc 
denaturation 
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Fig 3 pH dependence of pure swine liver L-leucme ammo- 
peptldase Enzyme preparations were incubated (1) In the 
presence of 1 5 mM Mg 2+ and (2) without addltmn ol Mg 2+ 

InJhwnce of L-leucme arnMe substrate concentra- 
tton The MIchaehs constant calculated from Llne- 
weaver-Burk reciprocal plot was established to be 
1 54 10 -2 M in the presence of  1 5 mM Mg 2÷ at 
37°C It was also observed that without Mg 2+ 
addmon,  the Mlchaelis constant was 2 85 10 -2 M 

Discuss ion  

According to the results described above (Table I), 
it is obvious that swine liver L-leuclne amlnopeptldase 
Is essentially located m the 105 0 0 0 X g  supernatant 
l e ,  m the cytosol fraction Indeed, only a small 
proport ion of  enzyme was found in mltochondrlal  
and mlcrosomal fractions In that,  liver enzyme is 
closed to L-leucme ammopeptldases from swine 
kidney as described by Smith and Hill [2] and lrom 
bovine-eye lens purified by Hanson et al [4] and 
opposite to mlcrosomal swine kidney aminopep- 
tldase, isolated by Pflelderer and Celhers [16] More- 
over, m human liver, Smith et al [9] partially purl- 
fled 13-naphthyl ammo-acyl amldase, the activity of 
which studied by differential centrlfugatton was 
widely distributed among the various cell fractions, so 
that a t tempts  to localize the enzyme within any one 
particular fraction were not successful 
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The determination procedure of L-leuclne amlno- 
peptldase activity proposed here is based on the 
hydrolysis of the L-leucme amlde at pH 10 Smith 
and Hill [2] have demonstrated that this substrate is 
hydrolyzed by hog kidney L-leucme ammopeptldase 
as effectively as L-leucyl-glycme dlpeptlde, and more 
qmckly that other peptldes Hanson et al [4] demon- 
strated that the crystalline L-leucme ammopeptldase 
from bovine-eye lens txssue, has only a moderate 
effect upon this substrate, which can also be 
hydrolyzed by other ammopeptxdases Flelscher et al 
[6] provided ewdence to dffferentxate between 
human serum L-leucyl 3-naphthylamlde-hydrolyzmg 
enzymes, and those which hydrolyze L-leuclne amlde 
and L-leucyl-glycme As it can be seen on the elutlon 
profile of our DEAE-Sephacel column chromat- 
ography (Fig 1), hog liver L-leucyl 3-naphthylamlde 
and L-leucyl p-nltroanlhde, sphttlng activities do not 
completely co-elute with L-leucme amldase activity 

Swine hver L-leucme ammopept~dase activity 
toward chromogemc substrates is almost ms~gmfi- 
cant we observed that after purification of the 
enzyme, the L-leucme amlde sphttmg actwlty was 
augmented, while the chromogemc substrates split- 
ting activity was strongly lowered It resulted m 
considerable &mlnutmn of the ratios activity on 
chromogemc substrate/actlvlty on L-leucme amlde, 
falhng to 1 88 and 2 8% of their initial values, 
respectively, for L-leucyl 3-naphthylamlde and 
L-leucyl p-nltroamhde It should agree with the 
hypothesis that actlwty toward chromogenxc sub- 
strates m crude homogenate should be mostly due to 
enzymes different from L-leucme ammopeptldase 
However, purified enzyme still retaining a very weak 
but not negative activity toward L-leucyl 3-napthyl- 
amlde and L-leucyl p-mtroantlxde as regards L-leucme 
am~de sphttmg activity (farms 0 00051 and 0 00025, 
respectively) ~t does not actually seem possible to 
completely discard the hypothesis that xt should be 
related to a secondary mslgmficant activity of 
L-leucyl aminopept~dase 

Tamura et al [5] after treatment of rat hver 
homogenate wxth bromelam separated five peaks of 
ammopept~dase activity by DEAE-cellulose column 
chromatography One of the enzymes showed a 
specificity toward L-leucme am~de whale others 
showed different substrate speclfic~t~es toward both 
L-leucme amlde and L-leucyl 3-naphthylam~de 

Because no full purification was attempted by 
Tamura, and the swine liver enzyme has only lunlted 
activity at pH 7 5, it is not possible to compare these 
results with our expertments The leuclne amlno- 
peptldase from swine tlver purified here is apparently 
unrelated to the amino acid naphthylamidase par- 
tlally purified from human hver by Smith et al [9], 
the latter failing to promote any hydrolysis of 
L-leucme amlde and L-leucyl glycane 

For swine hver, hog kidney and eye-lens enzymes 
with L-leuclne amlde subs~rate, Mg 2+ and Mn 2+ 
strongly enhanced activity, whereas Zn 2+ and Co 2+ 
either were devoid of any effect or produced inhibi- 
tion Once again these results contrast with those 
obtained with microbial amlnopeptadases, which are 
activated by Zn 2÷ and Co 2÷ bivalent cations but not 
by Mn 2+ and Mg 2+ 

Swine hver, swine kidney and bovine eye-lens 
L-leucme ammopeptldase had about the same behav- 
1our m the presence of following lnhlbltors EDTA 
and citrate that are effective chelating agents for 
bivalent cations, strongly inhibit enzymatic activity 
Competitive inhlbltors hke ahphatlc alcohols inhibit 
hver and kidney enzymes SH group-specific reagents 
do not have always the same action p-chloromercun- 
benzoate clearly inhibits swine hver L-leucme ammo- 
peptldase This is m favour of the involvement of a 
thlol group in binding the metal 1on However, mono- 
lodoacetlc acid does not inhibit either hver or kidney 
swine enzymes These apparent contra&ctlons would 
disappear with the hypothes~s that SH group Is not 
reside but quite near the active site, and that 
p-chloromercurlbenzoate inhibition is produced by 
stenc hindrance 

The molecular weight estabhshed for swine hver 
L-leucme ammopeptldase (M r 268 000 + 50000) IS 
comparable to the value obtained by Smith and Hill 
[2] (Mr 300 000) for swine kadney L-leucme ammo- 
peptxdase m ultracentrlfugatlon (S2ow = 12 65) and 
by Hanson et al [4] (Mr 326000 +20000) for 
bovine eye-lens L-leucme amlnopeptldase The 
molecular weight differences between these three 
enzymes need not be retained as slgmficant because 
of the lack of precision of the analytical procedures 
used 

H~rnmelhoch [17] m the L-leuclne ammopeptldase 
of swine kidney found a Zn 2+ to protein ratio 
between 4 and 6 gatom/300 000 g protein, the partial 
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replacement of  the 'native'  Zn 2+ by Mn 2+, resulting in 
activation of  the enzyme Hanson et al [18] have 
found, that crystalline enzyme from the bovine lens 
contain 8 - 1 2  gatom Zn2+/326000g protein Our 
results for swine liver L-leucme ammopeptidase (11 4 
gatom Zn 2+ and 2 8 gatom Mg 2+) are in the same 
order of magnitude as the preceding results The 
relatively poor precision of metal determinations 
(blanks must be substracted) may explain the varia- 
tions 

The swine liver L-leuclne amlnopeptldase opt imum 
pH was established as 10, near to the results obtained 
by Smith and Hdl [2] for swine kidney and by 
Hanson et al [4] for eye-lens enzymes It contrasts 
with the imcroblal classified enzymes whose opt imum 
pH is between 7 and 8 

Swine liver L-leuclne amlnopeptldase easdy 
hydrolyzes L-leucme amlde but  also L-leucyl-glycme 
dlpeptlde and L-leucyl-glycyl-glyclne trIpeptIde The 

K m for L-leucme amlde substrate was established by 
us as 1 54 10 -2 M at 37°C, pH 10, in the presence of 
1 5 mM Mg 2÷ and as 285  10-2M without any 
addit ion of Mg 2÷ We should mention that Hanson et 
al [4] found 3 125 10 -2 at p H 9  and 4 0 ° C m t h e  

presence of  2 mM Mn 2÷ for crystalline eye-lens 
enzyme, and that  Bryce and Rabln [19] found a 
5 21 10 -3 M Km value at 2U(~, pH 8 4, for swine 
kidney l_-leucine amlnopeptldase in the presence of 
5 mM Mg 2+ and 15 7 10 -3 M K m value in the 
presence of  2 mM Mn 2+ 

In conclusion, swine hver L-leucme amino- 
peptmdase should be included m the ' t rue '  cytoplasmic 
L-leuclne amlnopeptidase group It is a 
Zn2+-contammg metallo-enzyme and is activated by 
Mg 2+ and Mn 2+ L-Leuclne amlde is the most 
convenient substrate at pH 10, because it is not 
hydrolyzed by microbial aminopeptldase Swine liver 
enzyme splits only very slightly 'chromogenlc '  
substrates hke L-leucyl/3-naphthylamlde and L-leucyl 
p-mtroandlde Thus "L A.P Tests" and other kits 
distributed by manufacturers using these 
chromogenlc substrates to determine a human serum 
'so called' L-leuclne ammopeptldase in liver &seases, 
do not show a good sensitivity regarding L-leuclne 

amlde substrate to measure true leucine amino- 
peptldase issued from liver cytolysls, but should 
mainly detect  other amlnopeptldases 
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