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Chemiluminescence (CL) is a sensitive indicator of phagocytosis and intracellular killing; however, little
is known of the normal CL response by human polymorphonuclear leukocytes to different pathogenic
microorganisms. We investigated the luminol-enhanced CL response of normal polymorphonuclear
leukocytes to a number of common bacterial pathogens and two yeasts. We analyzed the CL response to
viable and heat-killed microorganisms at 25 and 37°C. The CL response to all microorganisms was greater
and more rapid at 37°C. Variable responses were observed with viable and heat-killed microorganisms;
some were unaffected, whereas others demonstrated reduced CL. Each microorganism caused a reproducible
response pattern, which could be placed into two general categories. In the first category were those which
caused a rapid exponential rise and decay in CL: Enterobacter cloacae, Salmonella typhimurium, Shigella
Sfexneri, Staphylococcus aureus, Candida albicans, and zymosan. In the second category were those which
rose slowly over a longer time course to a poorly defined peak: Pseudomonas aeruginosa, Klebsiella
pneumoniae, Proteus mirabilis, and Streptococcus pyogenes. The CL response also reflected serum
opsonic activity. The effects of inactivated complement, factor B, and removal of specific antibody were
investigated. Increasing the concentration of zymosan gave a proportional rise in peak CL; however, a
strain of E. coli caused a variation in peak time rather than peak height. Different CL kinetics were shown
for three strains of K. pneumoniae, possibly a result of each having different membrane or cell wall
characteristics. This study defines the nature and factors affecting the normal CL response to a variety of

common pathogenic microorganisms.

The interaction between particles and phagocytic cells in-

duces activation of a membrane oxidase (5, 16, 24, 26), which

- triggers a metabolic response, the so-called ‘‘respiratory
burst.”” During the process of phagocytosis and subsequent
killing, a number of electronically excited molecules such as
singlet oxygen and oxygen radicals including superoxide and
hydroxyl radicals are formed (6, 17). Light is produced as a
result of the relaxation of electronically excited carbonyl
chromophores generated as products of oxygenation (2).
Phagocytosis of polymorphonuclear leukocytes (PMN) can
be monitored using chemiluminescence (CL) (4), and with
the addition of chemilumigenic probes such as luminol, light
production is substantially enhanced (3).

Neutrophil function is now frequently assessed by CL
induced by zymosan or by Staphylococcus aureus. This
study examines the CL responses to a variety of common,
clinically important human pathogens. We demonstrated
different reproducible response patterns for each microor-
ganism. This variation may further our understanding of the

* differences in the interaction of the infective agents with
PMN and may be important in determining their pathogenici-

ty.
MATERIALS AND METHODS

Phagocytic cells. Human PMN were obtained from 30 ml of
heparinized blood by density gradient centrifugation (8)
followed by dextran sedimentation. Briefly, 30 ml of blood
was diluted 1:2 with Ca’*- and Mg?*-free phosphate-bufi-
ered saline (PBS). This was layered onto 10 ml of Ficoll-
Paque (Pharmacia Fine Chemicals, Upsala, Sweden) in 50-
ml centrifuge tubes (Corning Glass Works, Corning, N.Y.)

* Corresponding author.

744

and centrifuged for 30 min at 600 X g. The upper interface of
the gradient and excess Ficoll-Paque were discarded.

PBS (10 ml) and 3 ml of 3% dextran T500 in saline
(Pharmacia) were added to the bottom PMN-containing
layer. These tubes were mixed and placed in a 37°C water
bath for 40 min. The buffy coat was removed and centrifuged
at 200 X g for 10 min, after which the remaining erythrocytes
were lysed with 10% PBS in distilled water for 30 s. PMN
were washed three times in Hanks balanced salt solution
(Ca®*- and Mg?*-free) containing 15% fetal calf serum. After
the final wash, the PMN were counted and suspended in
Hanks balanced salt solution at a concentration of 10° PMN
per ml. The preparations of PMN demonstrated 95 to 97%
viability as measured by trypan blue exclusion.

Opsonizing sera. Serum was collected from 15 healthy
adults who were not on any drug therapy. Samples were
pooled and portioned into 5-ml volumes which were immedi-
ately stored at —85°C until required. This was termed pooled
normal human serum (NHS). Serum was also taken from
each control subject for use in experiments where autolo-
gous serum was required. Inactivation of complement com-
ponents was achieved by heating at 56°C for 30 min (total
complement inactivation) and heating at 50°C for 30 min
(inactivation of factor B and, therefore, alternative pathway
activation). Blockage of the classical pathway was achieved
by incubating serum at 37°C in the presence of 10 mM Mg-
ethylene glycol-bis(B-aminocthyl ether)-N,N-tetraacetic
acid (EGTA) (12). For removal of specific antibody, NHS
was incubated at 37°C for 60 min with individual strains of
bacteria followed by centrifugation at 1,000 X g for 20 min.
Samples were filtered through 0.2-pm filters (Millipore
Corp., Bedford, Mass.).

Microorganisms. All microorganisms used were clinical
isolates (wound swabs or urine or blood cultures) and were
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