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I. GENERAL INTRODUCTION 

The detection and quantification of macrophage-derived 
elastinolytic enzymes are important considerations when study-
ing model systems designed to evaluate the impact of macrophage 
secretory proteinases on lung and vascular elastin. In this 
chapter, elastase activity refers only to the ability of a 
proteinase to degrade mature, insoluble, cross-linked elastin 
into soluble peptides. This type of degradation parallels the 
biologically important destruction of the mechanical and struc-
tural properties of an elastin matrix. Only by employing an 
elastin substrate can one be certain of assaying elastase ac-
tivity. Several nonelastin artificial substrates have been 
reported in the literature, such as succinyl-L-alanyl-alanyl-L-
alanine-p-nitroanilide (SLAPN) (1) and t-BOC-L-alanine-p-nitro-
phenylester (NBA) (2). These substrates are based on elastin-
like amino acid sequences, and it is assumed that the cleavage 
of these sequences is indicative of elastase activity. How-
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ever, there is no guarantee that the same proteinases that 
readily degrade the soluble elastinlike sequences in vitro 
could, to any degree of biological importance, bind to or de-
grade the severely hydrophobic, cross-linked mature elastin. 
More important, macrophage elastase will not degrade many of 
these substrates (3) . The techniques outlined here use elas-
tin as a substrate so that ambiguity is avoided in determining 
the nature of the proteolytic activity. 

It should also be noted that, in addition to degrading 
elastin, macrophage elastase can also degrade other proteins 
(4-6). Therefore, assays with elastin substrates will unam-
biguously define an elastase but will not define the exclusive 
activity of the enzyme. 

Three mammalian enzymes will degrade elastin. The two 
serine proteinases, pancreatic elastase (7) and granulocyte 
elastase (8-10), are distinct from the macrophage elastase, a 
neutral metalloproteinase (4). It is critical that the exact 
source of elastase be determined, especially in thé hetero-
geneous cell populations that are often obtained from lung and 
peritoneal lavages. In the mouse and in the rabbit, purified 
macrophage elastase has been shown to be catalytically distinct 
from mouse and rabbit pancreatic and granulocyte elastases (un-
published observations). When constructing assays, the differ-
ence between the two serine enzymes and the macrophage métallo 
enzyme can be exploited to distinguish the source of the elas-
tase. A most convenient and biologically significant charac-
teristic of macrophage elastase is its resistance to inhibition 
by ou-proteinase inhibitor (Worthington Biochemical Corp., 
Freehold, New Jersey) at concentrations in the assay of 1.0 
mg/ml, whereas the two serine elastases are fully inhibited 
(10). Soybean trypsin inhibitor (Sigma Chemical Co., St. Louis, 
Missouri) at 1.0 mg/ml will not inhibit macrophage elastase but 
will inhibit granulocyte elastase (10). The tri- and tetrapep-
tide chloromethyl ketone inhibitors of the serine elastases (11, 
12) are ineffective against the macrophage elastase. Diisopro-
pyl fluorophosphate and phenylmethanesulfonyl fluoride will in-
hibit the serine elastases but not the purified macrophage elas-
tase (4). However, the solvents of these inhibitors, dimethyl 
sulfoxide and isopropanol, can inhibit purified macrophage elas-
tase. Thus, great care must be taken when using these inhibi-
tors to determine the source of elastase activity, especially 
from crude conditioned medium. 

The inhibitor most useful in distinguishing macrophage 
elastase from granulocyte elastase is 1.0 mM EDTA at pH 7.8 to 
8.0, the pH optimum for macrophage elastase. The macrophage 
metallo-elastase requires 5.0 mM Ca2+ for full activity. The 
granulocyte serine elastase would not be affected by the chela-
tion of Ca^+ from the assay buffer, whereas macrophage elastase 
would be fully inhibited. Although pancreatic elastase is not 
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a metalloproteinase, it does require Ca^+ and can be inhibited 
by 10 mM EDTA. However, unless specifically instilled by the 
investigator, pancreatic elastase would not be a contaminant 
of most cell populations obtained by lavage. 

Unless native elastin is radiolabeled or coupled to a 
conveniently detected dye, its degradation is difficult to de-
tect and quantify. Elastin is naturally fluorescent, but as-
says exploiting this feature (13) proved to be relatively in-
sensitive and not as reliable as assays using labeled elastin. 
Scissions in the native elastin can be quantified by monitoring 
the appearance of free amino terminals by an increase in nin-
hydrin reactivity (14). This method is useful for analytic 
studies but not appropriate for routine assays of elastase ac-
tivity, especially in culture media rich in amino acids. 

Several investigators have used particulate elastin im-
bedded in agarose as the basis for an assay (15,16). The sam-
ple to be tested is placed in a well punched in the agarose-
elastin layer, and elastinolysis is determined by measuring the 
area of a zone of clearing. This technique, though simple and 
direct, lacks flexibility and sensitivity and frequently re-
quires several days of incubation. In addition, it is inappro-
priate for inhibitor studies. 

The two assay systems described in detail below are rela-
tively simple and sufficiently sensitive to allow detection and 
quantification of macrophage elastase from crude culture medium 
as well as from purified material. Both assays use commercially 
purified insoluble elastin. The first is based on the recovery 
of radioactivity in the soluble phase, and the second is based 
on the recovery of fluorescent peptides in the soluble phase. 

II. CULTURE OF MACROPHAGES FOR DETECTION OF ELASTASE 

This procedure is specifically used for the collection 
and tissue culture of mouse peritoneal macrophages. Unless 
otherwise stated, these macrophages are considered resident 
cells. Elastase has been detected from rat, rabbit, and guin-
ea pig macrophage-conditioned medium. The harvest and culture 
conditions may have to be modified for each experimental sys-
tem. 

The basis of this procedure is described elsewhere. In 
brief, approximately 5.0 ml of PBS-heparin (700 U/ml) is in-
jected into the peritoneum of each adult mouse. Macrophages 
are gently dislodged from the viscera by agitating the peri-
toneum (e.g., by tapping with a sterile Pasteur pipette). 
The PBS-heparin is withdrawn into a Pasteur pipette and trans-
ferred to a sterile centrifuge tube. The cell suspension is 
centrifuged and resuspended. Cells are plated at a density of 



606 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

5 x 105/cm2 in 0.5 ml of Dulbecco's modified Eaglet medium 
(DME) (GIBCO, Inc.) with 10% FCS. After incubation for 2-4 
hr, the cells are washed twice with DME. The remaining ad-
herent cells are highly enriched in macrophages. 

After washing, the medium is replaced with DME containing 
0.2% lactalbumin hydrolysate (GIBCO). Conditioned medium can 
be collected after 24 hr and assayed for elastase activity or 
frozen at or below -20°C for future assay. 

For accurate comparative data, elastase activity should 
be expressed as units per cell number or units per milligram 
cell protein. If uniform culture conditions are maintained, 
expression of activity as units per milliliter of conditioned 
medium is convenient. 

It is important to culture macrophages in serum-free me-
dium when the conditioned medium will be used in elastase as-
says. Mouse macrophages can be maintained quite satisfactorily 
in DME-LH. Rabbit alveolar macrophages should be cultured di-
rectly in DME-LH. A culture system free of exogenous inhibi-
tors is necessary for accurate interpretation of elastase as-
says. 

The intraperitoneal injection of 1 ml of Brewer's thio-
glycollate (DIFCO, Detroit, Michigan) (3%) 4 days before lavage 
will increase the elastase secretion of macrophages (3,17). 
Similar treatment with Freund1s complete adjuvant (DIFCO) will 
also increase elastase secretion. The activity of 10 stimu-
lated macrophages is approximately 3.0 ± 0.2 (SD) U/24 hr, 
whereas 106 resident cells will secrete 1.0 ± 0.3 U/24 hr. 
Similar activities can be obtained from rabbit alveolar macro-
phages (17). Stimulation of rabbit alveolar macrophages can 
be conveniently achieved with an intravenous injection of 0.1 
ml of Freund1s complete adjuvant 2 weeks before lavage. 

Several mouse macrophage-like cell lines have been reported 
to secrete elastase. Marginal activity has been detected from 
J774.1, PU5-1.8, and RAW 264, and considerable activity from 
WEHI-3 (18). P388D1 is a well-defined elastase-secreting cell 
line (19). All cell lines develop variants quite easily and 
may acquire or lose their reported phenotype. The P388D1 line 
yields 0.9 ± 0.1 U/106 cells/24 hr. 

Colchicine (Worthington) has been shown to differentially 
modulate the secretion of neutral proteinases by macrophages in 
culture (4,20). When mouse peritoneal macrophages are cultured 
in DME-LH + 2 \lM colchicine, elastase secretion can increase 
five- to tenfold. Treatment with colchicine will also decrease 
the secretion of plasminogen activator and lysozyme. The speci-
fic role of colchicine is not understood. Morphologically, the 
mouse macrophages respond to colchicine by becoming round and 
more mobile. Removal of colchicine reverses the effects. 
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III. [3H]ELASTIN ASSAY 

A. Introduction 

The [ H]elastin assay is representative of the more 
sensitive radioactive elastin assays (16,21,22). It is about 
threefold more sensitive than the rhodamine assay (see Section 
IV) and takes advantage of the ability of the aldol, isodesmo-
sine, and desmosine cross-links to be reduced and labeled with 
[3H]NaBH^. These cross-links are distributed throughout the 
elastin structure and retain the label even after autoclaving 
and thus can be used in culture if necessary. The solubiliza-
tion of label from these cross-links is a reliable indication 
of proteolytic degradation of elastin. 

B. Preparation of [JH]Elastin Substrate 

1. Reagents 
NaBH^, nonradioactive, 250 mg 
0.1 N NaOH, 0.003 N NaOH, approximately 100 ml each 
[3H]NaBH4, 25 mCi (New England Nuclear, Boston, Massa-

chusetts) . 
pH paper, wide range (3-10) 
Antifoam B emulsion (Sigma Chemical Co., St. Louis, 

Missouri) 
2.5 gm < 400 mesh elastin (E60 from Elastin Products Co., 

St. Louis, Missouri). This elastin is prepared from bovine 
ligamentum nuchae. 

Glacial acetic acid 

2. Procedure 
(1) Because H gas is a reaction by-product, all work 

must be carried out in a well-ventilated fume hood. 
(2) The reaction vial should be a 500-ml Erlenmeyer flask, 

preferably placed in a clear, nonbreakable 2-liter plastic 
beaker. The flask and beaker assembly should be placed on a 
magnetic stirring plate in the fume hood. 

(3) Suspend 2.5 gm elastin in 50 ml of distilled H20 in a 
500-ml Erlenmeyer flask. (Wet the elastin powder with ethanol 
before mixing with HO.) 

(4) Adjust pH to 9.2 with NaOH. 
(5) Dissolve [3H]NaBH4 in a minimal volume of 0.003 N 

NaOH and add to the elastin. 
(6) After 10 min, add 250 mg nonradioactive NaBH^ dis-

solved in a minimal volume of 0.003 N NaOH. 
(7) Allow to mix in hood for 2 hr. 
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(8) Adjust pH to 3 by carefully adding glacial acetic 
acid. Check pH with paper. Be careful of foaming; a few 
drops of antifoam B emulsion will suppress foaming. If the 
flask must be removed from the beaker, wait until foaming has 
stopped. 

(9) Mix for an additional 30 min. 
(10) Collect the elastin by centrifuging at 10,000 xg for 

30 min and wash repeatedly by resuspending in cold H-0 and 
recentrifuging until the activity of the supernatant is 1800-
2000 dpm/100 yl. It is advisable to pool the elastin into one 
50-ml centrifuge tube after the first two or three washes. If 
the labeling procedure is carried out in the early afternoon, 
four or five washes can be done and the elastin then left in 
the 50-ml tube stirring on a magnetic stirrer overnight at 4°C. 
This will allow much of the unreacted radioactivity to leach 
out of the elastin particles. 

(11) Resuspend the elastin in H20 at 16 mg/ml, stirring 
constantly on a magnetic stirring plate. Aliquot 5 ml (80 mg) 
into 50-ml sterile screwcap tubes (Corning 50-cc tubes) and 
keep frozen at -80°C until needed. Use a pipette with a wide 
mouth when aliquoting the elastin. DO NOT PIPETTE BY MOUTH. 

3. Calculation of Data 
Determination of specific radioactivity. Degrade a mea-

sured portion of the [3H]elastin with pancreatic elastase 
(Sigma) at an enzyme : substrate ratio of 1:100 in 0.1 Af Tris, 
pH 8.0, with 0.05 M CaCl?. Allow the reaction to proceed at 
37°C until all of the substrate is degraded, usually 3-4 hr 
for 100 to 300 yg. The total radioactivity incorporated 
should be about 600-1000 dpm/yg. 

Determination of nonspecific labeling. Any nonelastin 
protein contamination of the [^H]elastin substrate can be a 
substrate for nonspecific proteinases. To determine nonspeci-
fic labeling, incubate the elastin for 16 hr (overnight) with 
trypsin-TPCK (Worthington) in 0.05 M Tris-HCl buffer, pH 8.1, 
containing 0.012 M CaCl^ at an enzyme: substrate ratio of 1:100. 
After 16 hr the released radioactivity should not exceed 2% of 
the total available radioactivity. 

4. Critical Comments 
[14cj_ ana [1251] Elastin. Alternative radioactive 

labeling procedures for elastin are available. Labeling of 
the elastin amino groups with [14C] formaldehyde via reductive 
alkylation (23,24) yields stable substrates that can be used 
in a radioactive assay similar to that described below. The 
tritiated substrate is less complicated to prepare. Both [3H]-
and [14C] elastin assay substrates are sensitive and specific 
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if purified elastin is used as the starting material. An 
[125I]elastin assay couples radioactive soluble elastin to 
CNBr-activated Sepharose 4B (Pharmacia). Although this system 
uses soluble elastin, it has been reported that only elastase 
will cleave the substrate from the Sepharose (25). This sub-
strate may be useful in detailed rate analysis of elastase 
activity because a single clip in the elastin could release 
detectable radioactivity. Because a gamma emitter is used, 
this substrate eliminates the need for liquid scintillation 
counting, but in turn requires a gamma counter. One potential 
problem with 125I-labeled elastin is artificial deiodination 
by myeloperoxidase (26), an enzyme that could be present in 
macrophage cultures. 

C. Procedure for Assay 

1. Reagents 
3X Assay buffer. 0.3 M Tris-HCl buffer containing 0.015 

M CaCl2 and 0.02% NaN3 (as a bacteriostat). 
Pancreatic elastase. From porcine pancreas (E-1250, 

Sigma). 
Substrate. Thaw a tube of [3H]elastin (see B.2.11), 

resuspend in 10 ml of H20, and centrifuge at 2000 xg for 15-20 
min. Discard the supernatant and resuspend to 40 ml with 3X 
assay buffer. This will give 2 mg/ml of [3H]elastin sub-
strate. 

2. Assay 
(1) Reagent blank. To a 400 μΐ microfuge tube, add 200 

μΐ of DME-LH or appropriate solvent. Add 100 μΐ of substrate 
suspension in 3X assay buffer (see E.l). 

(2) Total lysis control. To a 400-yl microfuge tube, add 
200 μΐ of DME-LH or appropriate solvent plus 2 μΐ of pancrea-
atic elastase. Add 100 μΐ of substrate suspension in 3X assay 
buffer (see E.l). 

(3) Sample tubes. To a 400-μ1 microfuge tube, add up to 
200 μΐ of sample (e.g., conditioned medium). Adjust volume to 
200 μΐ with solvent (DME-LH) if necessary. Add 100 μΐ of sub-
strate suspension in 3X assay buffer (see E.l). 

(4) Cap or cover all tubes and incubate at 37°C for 16 hr. 
If a large number of tubes are being assayed, it may be more 
convenient not to cap the tubes, but simply to cover the en-
tire rack of tubes with cellophane or Parafilm. 

(5) After incubation, centrifuge for 3 min in a Beckman 
Microfuge (or equivalent). Remove 100 μΐ of supernatant from 
each tube to a scintillation vial. Add scintillant and count. 
A counting time of 1 min is usually sufficient. 
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D. Calculation of Data 

Units of activity. For this and the fluorometric assay 
(see Section IV), a unit of elastinolytic activity is defined 
as the amount of enzyme that degrades 1.0 yg of elastin/hr. 
In each assay there is an internal set of controls to deter-
mine nonenzymatic release of radioactivity (blank) and the 
total counts in 200 yg (100 yl) of elastin. If 

cpmpE = cpm of pancreatic elastase degradation - cpm of 
blank 

hr = assay time in hr 
cpms = cpm of sample - cpm of blank, 

then, 
200 yg/cpmpE x cpms/hr = yg/hr = UNIT 

Units per Milliliter. Frequently, the expression of acti-
vity as units per milliliter is desirable. Using the defini-
tions given above, if 

yls = yl of sample assayed 
then, 
200 yg/cpmpE x cpms/hr x l/yls x 1000 yl/ml = UNiT/ml. 

E. Critical Comments 

1. Dispensing Elastin Substrate 
When dispensing particulate elastin substrate of any 

kind, be certain that the suspension is constantly stirring 
on a magnetic stirring plate. When pipetting aliquots of the 
suspension, use a Gilson Pipetman P-200, or equivalent, which 
has had 1-2 mm cut from the end of the disposable plastic 
tip. This will enlarge the bore of the tip, preventing ob-
struction of the tip and inadvertent sieving of the elastin 
particles. 

2. Reagent Blank 
Care must be taken to maintain low radioactivity in the 

reagent blank. Should the activity of the blank exceed ap-
proximately 1-2% of the total radioactivity (determined with 
pancreatic elastase), the elastin should be centrifuged, 
washed once with H2O, recentrifuged, and reconstituted in 
fresh 3X assay buffer. Generally, high blank values are the 
result of either insufficient washing after the labeling pro-
cedure or enzymatic contamination during sampling. 

3. Substrate Concentration 
The maximum substrate concentration, determined from 

double reciprocal plots, suggests the use of several milli-
grams of elastin per assay tube. This would prove to be quite 
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impractical and rather expensive. The assay as described is 
sufficiently sensitive not to warrant the routine use of high-
er substrate concentrations. The use of an insoluble sub-
strate does not permit the Michaelis-Menten-type interpreta-
tion of kinetic data and thus the assignment of an absolute 
substrate optimum. 

4. The Effect of Sodium Dodecyl Sulfate on Elastase 
Activity 

The use of sodium dodecyl sulfate (SDS) has been reported 
by others (16,21,27,28). In the [3H]elastin assay, SDS will 
enhance elastase activity two- to tenfold, depending on the 
source and treatment of the sample. Typically, the SDS-elas-
tin assay will give elastase activity of 6-8 U/IO^ cells for 
resident macrophages, 15.-20 U/10 cells for thioglycollate-
elicited macrophages, and 5-11 U/106 cells for P388D1. Al-
though the precise ratio of SDS:elastin (w/w) must be deter-
mined for each batch of elastin substrate by a dose-response 
experiment, we found the optimal ratio to be 0.2. 

The mechanism of SDS enhancement is not clear. Some in-
vestigators have suggested that SDS changes the conformation 
of the molecule and renders the substrate more accessible to 
degradation (21), whereas others suggest that SDS increases 
the binding of enzyme to substrate (27,28). Another possible 
role of SDS is to interfere with the action of an endogenous 
elastase inhibitor (unpublished observations). Whatever the 
mode of action, care must be taken when interpreting data 
collected with the SDS-elastin assay. For example, macrophage-
conditioned medium has an eight- to tenfold increase in elas-
tase activity when SDS is included in the elastin assay. When 
the medium is first dialyzed against 10 mAf NH4HCO3, there is 
no change in activity in the SDS-elastin assay. However, in 
the non-SDS-elastin assay, dialysis enhances the activity up 
to eightfold. Thus, some effects are masked by SDS. We sug-
gest that, for each investigation, dialyzed and nondialyzed 
conditioned medium be assayed with SDS and non-SDS modified 
substrate to determine the most informative assay for the par-
ticular study. SDS-elastin is especially useful in the de-
tection of low-level elastase activity from crude conditioned 
medium. 

We strongly recommend that elastin without SDS be used 
for the evaluation of biological inhibitors of elastase. In a 
non-SDS-elastin assay, ou-macroglobulin will readily inhibit 
macrophage elastase. However, with SDS-elastin, o^-macroglo-
bulin does not inhibit (4). The free SDS concentration (99 
yg/ml; ratio of bound to free is 0.34) of an SDS:elastin ratio 
of 0.2 is sufficient to dissociate a2-macroglobulin-enzyme 
complexes. Again, careful interpretation of SDS-elastin assay 
data is in order. 
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If the SDS-elastin assay blank shows increased radioacti-
vity, it should be discarded because the addition of fresh SDS 
assay buffer will change the ratio of bound to free SDS. 

5. Effect of Sample Volume and Assay Time 
In comparative studies of elastase from mouse macrophage-

conditioned medium, it is important always to assay the same 
volume of sample. Frequently, the relationship between volume 
assayed and activity is not linear. An assay volume of 25 yl 
will indicate more units per milliliter than 200 yl of the 
same material (Banda, Takemura, and Dovey, unpublished obser-
vations) . We interpret these observations to be the possible 
dilution of an uncharacterized proteinase inhibitor. 

Elastase activity is linear with time through 18 hr. 
A minimum assay time of 8 hr is recommended for active samples. 

IV. RHODAMINE-ELASTItf ASSAY 

A. Introduction 

Elastin labeled with the fluorochrome rhodamine (29) is 
a refinement of several elastase assays using elastin dyed 
with stains such as Congo red (30), orcein (31), or remazol-
brilliant blue (32,33). A distinct advantage of the rhodamine-
elastin assay is its increased sensitivity over other dye as-
says (two- to fourfold over the Congo red or orcein assays) 
and its chemical stability. Unlike the ionically bonded Congo 
red and orcein stains, which can be removed nonspecifically 
from the elastin by proteins such as albumin (32,34), the co-
valently bonded rhodamine is less likely to give pseudo-elas-
tase activity. A critical comparison of dye-labeled elastin 
assays was presented by Huebner (29). 

B. Reagents 

All reagents are obtained from Sigma Chemical Co., St. 
Louis, Missouri, unless otherwise noted. 

(1) Assay buffer. 0.3 M Tris, pH 8.0, 0.015 M CaCl2, 
0.02% NaN3 is prepared by dissolving 15.9 gm Trizma base, 
26.64 gm Trizma HC1, 1.66 gm CaCl2 (J· T. Baker Chemical Co., 
Phillipsburg, N. J.), and 200 mg NaN3 in 1 liter of distilled 
Ho0. 
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(2) Elastin-rhodamine suspension. Elastin-rhodamine 
(particle size <400 mesh) can be purchased from Elastin Pro-
ducts Co., St. Louis, Missouri, or it can be made by the meth-
od of Huebner (29). A 2 mg/ml suspension in assay buffer is 
prepared by wetting a weighed quantity of elastin-rhodamine 
with a minimal amount of ethanol. The wetted powder is then 
suspended to 2 mg/ml with assay buffer and stirred with a 
magnetic stirring bar to yield a homogeneous suspension. 

(3) EDTA - Tris buffer. 300 mM EDTA, 100 mM Tris-HCl, 
pH 8.0, is prepared by dissolving 107.5 gm/liter EDTA (tri-
sodium salt) in 100 mM Tris, pH 8.0 (5.3 gm Trizma base, 8.9 
gm Trizma-HCl/liter of H 2 0 ). 

(4) Pancreatic elastase. From porcine pancreas 
(E-1250, Sigma). 

C. Procedures 

(1) To prepare reagent blanks and standards, add 200 yl 
of DME-LH for each replicate to a 12 x 75 mm disposable glass 
tube. 

(2) For each unknown sample, add 200 yl of conditioned 
medium or an equal volume of diluted conditioned medium to a 
12 x 75 mm disposable glass culture tube. 

(3) Withdraw 100 yl elastin-rhodamine (200 yg) from a 
vigorously stirring suspension at room temperature using a 
Pipetman P-200 pipette, and add it to each assay tube including 
blanks and standards. (See precaution in III. E.l.) 

(4) Add 2 yl of pancreatic elastase to each standard tube, 
being careful not to introduce it into any other assay tube. 
This is a very concentrated elastase preparation, and even a 
minute quantity has considerable elastinolytic activity com-
pared to the usual activities of macrophage elastase found in 
conditioned medium. 

(5) Vortex all tubes and seal with Parafilm. 
(6) Incubate at 37°C for 16-18 hr. Although the time 

course of the reaction is linear for at least 26 hr, this in-
cubation time allows convenient overnight incubation and gen-
erates sufficient fluorescence to be easily detected. However, 
for extremely high or low elastase activities, the incubation 
time can be modified as required. 

(7) To stop the reaction and dilute fluorescence to a 
workable range, add 1.7 ml of EDTA-Tris buffer to all tubes 
using a repeating reagent dispenser (Glenco Scientific, Inc., 
Houston, Texas) and vortex briefly. 

(8) Centrifuge all tubes at 250 xg for 10 min. 
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(9) Being careful not to disturb the elastin-rhodamine 
pellet, remove tubes from the centrifuge and measure the 
fluorescence of all samples directly in the same tubes using 
a spectrofluorometer (e.g., model 430, Turner Associates, 
Palo Alto, California) with the excitation frequency set at 
550 nm and emission frequency at 570 nm. The standards, con-
taining 200 yg of completely solubilized elastin-rhodamine, 
are used to calibrate the instrument to achieve a direct read-
out of micrograms of elastin-rhodamine solubilized per assay. 

D. Calculation of Data 

(1) Units of activity. A unit of elastinolytic activity 
for macrophage elastase is the degradation of 1.0 yg of elas-
tin/hr. If 

F = assay fluorescence - blank fluorescence 
hr = incubation time in hours, 
then 
F/hr = UNIT. 

(2) Units per milliliter. To calculate activity as units 
per milliliter the volume of the sample must be considered. If 

yl = yl of sample assayed, 
then 
(F/hr)/yls x 1000 yl/ml = UNIT/ml. 

E. Critical Comments 

(1) All of the comments and precautions for the [3H]-
elastin assay are pertinent to the rhodamine-elastin assay. 
Therefore, before considering this assay for use in a particu-
lar investigation, read Sections III.E.l through III.E.5. The 
comments on the use of SDS and on varying assay volumes per-
tain to the nature of macrophage elastase rather than to pecu-
liarities of the assay substrate. 

(2) This assay offers a convenient alternative to the 
radioactive assays. In addition to avoiding the use of radio-
active reagents and associated paraphernalia, it is a one-tube 
assay that uses a convenient, commercially available substrate. 
Although slightly less sensitive than the radioactive assay, 
the rhodamine-elastin assay is sufficiently sensitive for rou-
tine use with macrophage cultures. The use of a fluorometer 
is not absolutely necessary. The rhodamine color can be de-
tected at lesser sensitivity with a spectrophotometer. 
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V. CONCLUDING REMARKS 

We have summarized two assay systems for the detection 
of macrophage elastase from medium conditioned by macrophages 
of various species. The assay of choice is the [̂ H]elastin 
assay because of its specificity and sensitivity. The fluo-
rescently labeled elastin assay has been outlined for those 
investigators who do not wish to deal with radioactive reagents 
or do not have access to appropriate detection equipment. What-
ever the choice of assay, considerable thought must be given to 
the type of information desired from the assay. The addition 
of the SDS-elastin substrate is useful for amplifying low-level 
elastase activity, but probably not appropriate for the study 
of biological inhibitors. In mouse macrophage systems, the non-
linearity of activity with assay volume must be considered. It 
is most important to consider the source of the elastase acti-
vity when heterogeneous cell populations are investigated. In 
particular, the possible uptake of granulocyte elastase by 
macrophages (35) and its subsequent release during culture (26) 
must be taken into consideration in interpreting elastase data. 
The further intriguing possibility that mononuclear phagocytes 
produce and store a granulocyte type of elastase at the time of 
synthesis of azurophil granules by promonocytes remains to be 
determined. 
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