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QUANTITATION OF LEUCINE AMINOPEPTIDASE 
OF MONONUCLEAR PHAGOCYTES 

Page S. Morahan 

I. INTRODUCTION 

Aminopeptidase (EC 3.4.1.2) is a plasma membrane-bound 
enzyme present on macrophages as well as a variety of other 
cells (1,2). In human peripheral blood or bone marrow, the 
enzyme is reported to be present on monocytes and granulo-
cytes but not on lymphocytes, basophils, or promyelocytes (1). 
Wachsmuth (2,8) has found the enzyme in mice in monocytes and 
tissue macrophages, but not in granulocytes, lymphocytes, or 
erythrocytes. The aminopeptidase in macrophages appears simi-
lar to that enzyme in the proximal kidney tubules and in the 
small intestine of the mouse (3). The ecto enzyme nature has 
been shown by removal of the enzymatic activity by treatment 
of the cells with papain, under conditions that do not affect 
cell viability (4). 

The enzyme activity in cell lysates can be easily deter-
mined by measuring the hydrolysis of 1 mM leucine p-nitro-
anilide to p-nitroaniline. The method described by Wachsmuth 
and Stoye (5) will be detailed. 
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I I . REAGENTS 

(1) 10 mM Leucine p-nitroanilide substrate (Sigma L-9125). 
Prepare by dissolving 28.8 mg in 10 ml of absolute metha-

nol. Store at 4°C and prepare fresh every week. About twice 
the specific activity is obtained with the substrate prepared 
in methanol rather than dimethylsulfoxide. 

(2) 0.1 M Sodium phosphate buffer, pH 7.5. 
Prepare by mixing approximately 500 ml of 0.1 M Na2H PO4 

with 80 ml of 0.1 M KH2P04 to a pH of 7.5. If filter steri-
lized, the buffer can be kept at 4°C for months. 

(3) Standard microsomal leucine aminopeptidase enzyme 
(Sigma L-6007). 

Hydrate the lyophilized enzyme in 1 ml distilled water. 
To prepare the stock, dilute the enzyme 1:100 in phosphate-
buffered saline containing 0.1% bovine serum albumin as pro-
tein carrier. Store the material at 4°C. Do not freeze as 
activity will be rapidly lost. The standard remains stable 
for about 3 months. 

(4) Macrophage cell lysates. 
Plate cells to provide about 1-3 x 10^ macrophages. 

Lyse the cells in 200 yl of freshly prepared 0.05% Triton 
x-100 in distilled water freshly prepared from a 5% stock 
which can be kept indefinitely. After centrifuging down the 
cell debris, place 100 yl of lysate in small tubes, seal with 
parafilm, and store at -20°C until assayed. Another sample 
should also be obtained for protein determination. 

III. PROCEDURE 

(1) Prepare the standard enzyme by placing in a small 
glass tube 25 yl of the 1:100 stock enzyme solution and 75 yl 
of 0.05% Triton x-100 in distilled water. 

(2) Prepare blank tubes with 100 yl of 0.05% Triton x-100 
in distilled water. 

(3) Thaw the previously prepared 100 yl samples of macro-
phage cell lysates. 

(4) To each of the above tubes, add 800 yl of the phos-
phate buffer.. A repetitive micropipettor can be used. Warm 
at 37°C for 10 min. 

(5) Rapidly add 100 yl of leucine p-nitroanilide sub-
strate to each tube, to provide a final 1 mM concentration. 
A repetitive micropipettor can be used. Reincubate in 37°C 
water bath for 15 min. 
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(6) Stop the reaction by placing the tubes on ice, after 
vortexing each tube. Read the concentration of p-nitroaniline 
at 405 nm. Read within one hour. 

IV. CALCULATION OF DATA 

(1) The specific activity is calculated using a molar 
extinction coefficient of 9600 for p-nitroaniline at 405 nm. 

(2) The specific activity, in nmoles/mg protein/min at 
37°C is calculated by 

SA = OP for the 100 yl cell lysate X 1000 
mg protein in that volume min of reaction x 9.6 

The SA can, of course, also be based on DNA content or number 
of cells in the sample. 

(3) The standard enzyme is used as a check on the sensi-
tivity and reproducibility of the system. 

V. CRITICAL COMMENTS 

(1) Try to use cell numbers that produce reaction product 
in the range of 0.1 to 0.7 OD. In this range of enzyme con-
centration and with 1 mAT substrate concentration, the reaction 
is linear through 20 min of incubation. At higher concentra-
tions, artifactual product reactions can take place. 

(2) The range of SA of murine resident peritoneal macro-
phages is usually 2-8 nmol/mg protein/min. In experiments 
with resident macrophages from CD-I female outbred mice, we 
obtained a SA of 3.9 ± 0.5 SE for four determinations with 
macrophages cultured for 24 hr (10). There were no significant 
changes in activity between 2 and 72 hr of culture. There are 
strain differences; resident BALB/c macrophages cultured for 
24 hr showed a SA of 7.4 ± 0.9 SE for five determinations. 
The values for resident macrophages are increased two- to five-
fold in thioglycollate, carrageenan, C. parvum, or pyran-
elicited macrophages (4-7). Typical values we have obtained 
with murine macrophage-like cell lines include 8.4 for WEHI-3, 
19.6 for J774.1, 20.6 for PU5-1.8, 6.0 for P388D1, 16.4 for 
RAW309.CR1, and 12.6 for WR19M1. The differences in these 
values may reflect differentiation or maturational changes. 
The murine P388 lymphoma cell line and L929 fibroblasts also 
have activity. 
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(3) Aminopeptidase activity of individual cells in cyto-
centrifuge preparations can also be measured as described by 
Wachsmuth and Stoye (5) using leucine-4-methoxy-2-napthylamide 
substrate and fast blue B salt. Other substrates, such as 
alanine-ß-napthylamide (1) and angiotensin (9), have also 
been used since the enzyme sequentially cleaves amino acids 
from the N-terminal end of peptides relatively nonspecifically. 
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