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FIG. 4. Bovine neutrophilic leukocyte exposed to 0.04 mg of B. abortus extract per ml and stained with uranyl acetate and lead citrate.
The cell is round with few thick pseudopodia. The phagolysosome contains a zymosan particle (Z). Cytoplasmic granules are reduced in
number (compare with Fig. 5), and few granules are primary; most are secondary (specific) granules. Granules are separated from the

phagosome by a zone of microfilaments (M).

preferential inhibition of neutrophil degranulation was dose
dependent. Phorbol myristate acetate and ionophore A23187
cause preferential release of neutrophil secondary granules
(11, 30) by their ability to increase cellular levels of cGMP

(11). The increase in cellular cyclic nucleotides is seen only
after a period of phorbol myristate acetate-neutrophil incu-
bation (11). Activity of the Brucella extract used in the
present study has been attributed to nucleotidelike com-

TABLE 3. Mensuration values for neutrophils exposed to Brucella extract®

Diameter (um) of: Vol (um?) of:
Group Neutrophil Phagolysosome Neutrophil Phagolysosome
(Drc) (Dyy) (Vro) (Vo)
Unstimulated 7.2 0.1 0.0 193.5 = 8.0 0.0
Saline + zymosan 7.4 0.3 1.97 = 0.1 213.7 + 14.0 4.1+0.7
Brucella extract + zymosan at:
0.04 mg/ml 7.5+0.2 1.75 = 0.3 216.9 = 16.5 3.8+22
0.16 mg/ml 7.6 £ 0.2 1.81 £ 0.1 226.9 = 15.0 3.1+0.2
0.32 mg/ml 7.6 £ 0.1 1.73 £ 0.1 227.3 £ 159 28 +0.5

@ Each value is the mean * the standard error of the mean for four animals, each conducted in duplicate.
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FIG. 5. Bovine neutrophilic leukocyte exposed to 0.32 mg of B. abortus extract per ml and stained with uranyl acetate and lead citrate.
A zymosan particle (Z) is focally digested. The cell has more primary granules than the cell in Fig. 4. Numerous flocculent granules (F)
correspond to primary granules. Some granules are juxtaposed to the phagosome.

pounds (7), and in the present study its inhibitory effects
occurred without a preincubation period with the neutrophil.
This immediate effect on neutrophils suggests the Brucella
fraction works at a different cellular location than phorbol
myristate acetate or directly substitutes for a nucleotide that
may control neutrophil granule release. Purine nucleotides
and modified analogs inhibit zymosan-stimulated lysosomal
secretion from macrophages (23). This Brucella fraction may
be partially responsible for the inhibition of neutrophil
degranulation seen with live B. abortus (20).

Reduced neutrophil degranulation and preferential inhibi-
tion of primary granule release are not explained by inhibi-
tion of zymosan phagocytosis. Phagolysosomal volumes
were reduced in a dose-dependent manner for each of the
Brucella-treated groups, but this reduction was not statisti-
cally significant. Furthermore, Brucella extract does not
inhibit ingestion of Staphylococcus aureus by bovine neu-
trophils (7). Inhibition of protein iodination could be the
result of inhibited neutrophil myeloperoxidase activity, but
this is not likely since similar concentrations of Brucella
extract did not reduce in vitro peroxidase activity (7).

Preferential inhibition of primary granule release suggests
that different mechanisms control release of the two granule
types from bovine neutrophils. Granules are released from
rabbit neutrophils at different times during the process of
degranulation (3). The sequential release is coordinated with
a pH change in the phagosome which provides optimal

activity of the granule enzymes. These and other (11, 30)
observations support the notion that there is selective con-
trol of neutrophil degranulation, yet most inhibitors of
degranulation block both primary and secondary granule
release (10, 15, 17, 18, 31). The preferential inhibition of
primary granule release by Brucella extract was concentra-
tion dependent. This suggests that the extract inhibits a
different pathway from that which controls secondary gran-
ule release or has a dose-dependent effect on the same
pathway that controls release of both granules from neutro-
phils.

B. abortus is phagocytized by neutrophils without activa-
tion of the hexose monophosphate pathway (20) and inhibits
neutrophil degranulation (24). A cell wall component, possi-
bly lipopolysaccharide, was proposed as the mediator of
these effects on human and guinea pig neutrophils (24). The
concentrations of Brucella fraction used in our study have
been demonstrated to inhibit the protein iodination reaction
of bovine neutrophils, and this same activity has been
demonstrated with live B. abortus (7). Results of the present
study demonstrate that this fraction also preferentially inhib-
its neutrophil primary granule release. These studies indicate
that B. abortus has at least two components which inhibit
neutrophil degranulation: a lipopolysaccharide (20, 21) and a
nucleotidelike material. Similar results as those obtained in
the present study could be obtained with a lipopolysaccha-
ride preparation if it were contaminated with the nucleotide-
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like material. The B. abortus extract used in the present
study did not contain lipopolysaccharide or lipid A (7).
Which, if any, of these Brucella fractions is the most
significant biologically was not established. Since the Bru-
cella extract used in the present study has been demon-
strated in extracellular media of live B. abortus (7), it would
likely reduce the ability of neutrophils to Kill B. abortus if it
were released in vivo.

Protein iodination is an in vitro assay for the myeloperox-
idase-H,0,-halide antibacterial system of the neutrophilic
leukocyte (5, 7, 8, 27). In the conditions used in the present
study, this assay closely correlates with primary (peroxidase
positive) granule release from bovine neutrophils. This sug-
gests that primary granule release is a rate-limiting step in
the myeloperoxidase-H,0,-halide pathway. This also sug-
gests that secondary and large (2) (peroxidase negative)
granules of the bovine neutrophil do not participate in the
protein iodination reaction. Iodination can be inhibited with-
out inhibition of nitroblue tetrazolium reduction (26), sug-
gesting that the rate-limiting step in the iodination reaction is
myeloperoxidase (from primary granules) and not oxidative
metabolism. By combining these two assays in our study, we
demonstrated that a B. abortus component is capable of
preferentially inhibiting primary granule release.
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