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Collagenase: Localization in Polymorphonuclear Leukocyte

Granules in the Rabbit

Abstract. Polymorphonuclear leukocyte granules were submitted to zonal frac-
tionation through a discontinuous sucrose gradient. Azurophilic and specific
granules were enzymatically characterized by peroxidase and alkaline phosphatase
activity, respectively. The enzymes formed modal distributions like those reported
by others. Collagenase activity was consistently associated with the specific

granules containing -alkaline phosphatase.

A collagenase, active against undena-
tured collagen fibrils at neutral and
alkaline pH, has been extracted from
the granule fraction of human polymor-
phonuclear (PMN) leukocytes (I, 2).
The leukocyte collagenase cleaved colla-
gen into distinctive products character-
istic of other animal collagenases. The
enzyme differed from other tissue colla-
genases in that activity was demon-
strated after extraction from PMN leu-
kocyte granules and did not require tis-
sue culture for detection. Collagenase
from PMN leukocytes was inhibited
by ethylenediaminetetraacetic acid, cys-
teine, and reduced glutathione but not
by human serum.

Cytochemical and electron micro-
scopic studies of human marrow (3, 4)
indicated that neutrophilic leukocytes
contained at least two granule types,
azurophils and specifics, which differed
in morphology, time of formation, and
enzymatic activity. Baggiolini et al. (5)
and Zeya and Spitznagel (6) isolated
azurophils, specifics, and a third, less
well-defined group of particles from
rabbit PMN leukocytes by sucrose
gradient centrifugation. Large, relative-
ly dense azurophilic or primary granules
contained essentially all of the myelo-
peroxidase activity, a third of the
lysozyme activity, and high relative
concentrations of characteristic lysoso-
mal acid hydrolases. The smaller, less
dense group of specific or secondary
granules contained the majority of alka-
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line phosphatase activity. The third
group of granules were morphologically
ambiguous, and their nature and com-
position is at present unresolved (4, 7).
Two enzymatically heterogenous
populations of rabbit PMN leukocyte
granules, azurophils (A) and specifics
(B), have been described, the former
characterized by peroxidase and the
latter by alkaline phosphatase. We
sought to determine whether collagenase
was also localized in a particular granule
fraction of rabbit PMN leukocytes.
Polymorphonuclear leukocytes were
obtained from rabbit peritoneal exudates
induced aseptically with 0.5 percent
glycogen in saline essentially as de-
scribed by Hirsch (8). The exudates
were submitted to differential cell count

Table 1. Relative enzyme concentration of
granule pellets after centrifugation of frac-
tions pooled as shown in Fig. la. Alkaline
phosphatase and collagenase were found pre-
dominantly in the region containing B par-
ticles.

Enzyme (percent recovery)

Frac- :
tion lﬁﬂ)‘:;‘}:’: Colla-  Peroxi-
tase genase dase
Soluble
phase 9.6 9.8 122
C 8.2 14.1 2.6
CB 4.5 0 32
B 41.7 59.0 11.0
BA 12.0 72 16.1
A 5.0 9.2 423

in stained smears and averaged 96 to
98 percent PMN leukocytes. Exudates
with less than 5 X 108 PMN cells per
milliliter or with gross erythrocyte con-
tamination or abnormally high mono-
nuclear leukocyte concentrations were
discarded. The cells were exposed to
brief hemolysis with hypotonic saline,
washed in 0.34M sucrose, and resus-
pended in 20 ml of 0.34M sucrose for
homogenization. Cells were lightly ho-
mogenized for 2 minutes with a Teflon
pestle. Granules were isolated from
nuclei, residual erythrocytes, debris,
and intact cells by centrifugation for 10
minutes at 400g. These initial prepara-
tion and homogenization procedures
were critical for reproducible distribu-
tion of enzymes in the gradient. All
steps were followed by phase micros-
copy.

The 20-ml 400g supernatant repre-
sented the starting sample for zonal
centrifugation procedures. Fractionation
was accomplished by procedures out-
lined by Cline and Ryel (9). A discon-
tinuous sucrose gradient consisting of
17, 28, 42 and 55 percent sucrose was
loaded into a spinning B-XIV Spinco
zonal rotor (2000 rev/min) in order of
increasing density. The sample was
layered over the gradient and centri-
fuged at 20,000 rev/min for 18 minutes.
Following centrifugation, the gradient
containing the fractionated components
was displaced from the spinning rotor
(2000 rev/min) with 60 percent
sucrose. The effluent was continuously
monitored with a Beckman DB-GT
spectrophotometer at 280 nm, and
collected in 20-ml fractions. The
sucrose concentration of individual
fractions was determined with a Bausch
and Lomb 3-L refractometer. All
granule preparation and centrifugation
operations were conducted at 4°C.

Alkaline phosphatase was assayed by
a modification of the method of Bab-
son et al. (10) with phenolphthalein
monophosphate as substrate. Myeloper-
oxidase activity was assayed as the rate
of hydrogen peroxide decomposition
with O-dianisidine as hydrogen donor.
Protein content was estimated by the
method of Lowry et al. (1I). Specific
collagenolytic activity was measured
with the [14Clglycine-labeled fibril as-
say described by Lazarus et al. (2)
with modifications described by Robert-
son et al. (12). All assays were con-
ducted at 37°C in the presence of
0.005M CaCl,, 0.02M NaCl, and 0.3M
tris(hydroxymethyl)aminomethane, pH
7.5 (13). Collagen substrates were high-
ly resistant to nonspecific protease diges-
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Fig. 1. Fractionation of leukocyte granules through a discontinuous sucrose gradient
at 20,000 rev/min for 18 minutes. Absorbance was corrected for sucrose concentration.
Protein was determined by the method of Lowry et al. (11). Peroxidase (c) was found
at the heavy end of the gradient, and alkaline phosphatase (b) and collagenase (d)
were consistently found together in the same region of the gradient. SP, Soluble phase;
A, B, and C, regions of particle peaks; BA and CB, regions between peaks.

tion, which never exceeded 3 percent in
reaction mixtures containing 0.5 pg of
trypsin per microgram of collagen. A
number of detergent preparations de-
signed to release latent enzyme activity
were tested and found to interfere with
the collagenase assay. Freezing and
thawing repeated ten times was used,
therefore, to release granule enzyme
activity before all assay procedures. As-
says were performed either on individ-
ual 20-ml fractions collected from the
rotor or on granule pellets resulting
from centrifugation of fractions pooled
as shown in Fig. 1la.

Fractionation of rabbit PMN leuko-
cyte granules yielded the distribution
patterns in Fig. 1. Intact granules were
demonstrated in areas C, B, and A by
phase microscopy. A few particles were
noted in area BA. Myeloperoxidase and
alkaline phosphatase assumed modal
distributions consistent with those re-
ported elsewhere (5, 6). Collagenase
activity was consistently associated with
the alkaline phosphatase—containing B
granules (Fig. 1, area B). Assays of
granule pellets from pooled fractions
shown in Table 1 confirmed the strong
correlation between collagenase and
alkaline phosphatase activity.

Granules in PMN leukocytes appear
to possess many of the properties of
lysosomes (74), and leukocyte granules
are responsible for intracellular diges-
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tion of materials engulfed by these cells
(14). Free extracellular granules have
also been described in inflamed con-
nective tissue (15), wound healing sites
(16), tuberculin sensitvity reactions (17),
and delayed hypersensitivity and arthus
reactions (I8). We report the presence of
two alkaline hydrolases, alkaline phos-
phatase and collagenase, in a well-
defined cytoplasmic body characteristic
of lysosomes. The collagenase derived
from PMN leukocyte granules of man
manifests a broad pH optimum of 7 to
9.5 (2). In the case of polymorpho-
nuclear leukocytes, therefore, particular

lysosomal-type granules are associated
with enzymatic degradation of constitu-
ents at an acid pH, and other types
appear to be concerned with degrada-
tion of constituents at neutral to alka-
line pH.
P. B. ROBERTSON
R. B. RYEL, R. E. TAYLOR
K. W. Suyu, H. M. FULLMER
Institute of Dental Research, School
of Dentistry, University of Alabama,
Birmingham 35233
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Ascorbate-Nitrite Reaction: Possible Means of Blocking

the Formation of Carcinogenic N-Nitroso Compounds

Abstract. The formation of carcinogenic N-nitroso compounds by the chemical
reaction between nitrous acid and oxytetracycline, morpholine, piperazine, N-
methylaniline, methylurea, and (in some experiments) dimethylamine was blocked
by ascorbic acid. The extent of blocking depended on the compound nitrosated
and on the experimental conditions. Urea and ammonium sulfamate were less
effective as blocking agents. The possibility of in vivo formation of carcinogenic
N-nitroso compounds from drugs could be lessened by the combination of such

drugs with the ascorbic acid.

Most N-nitroso derivatives of second-
ary amines and amides are powerful
carcinogens, which can act in several
species (/). These derivatives might pos-

sibly be produced in the human stomach
by the acid-catalyzed reaction between
nitrite (2), which is present in some
foods, and N-nitrosatable compounds,
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