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ABSTRACT 

The disease gonorrhea has plagued mankind at least as 

long as written records have been kept (Black and Sparling, 

1985). N. gonorrhoeae is still an important cause of suffering, 

infertility, and occasional mortality despite the fact that 

treatment with antibiotics is relatively easy and highly 

effective, even with the recent increase in penicillin

resistant isolates (Jephcott, 1986). The continued existance 

of this public health problem is partly the result of a 

reservoir of asymptomatic carriers within the community who 

normally don't seek treatment and continue their usual sexual 

practices (Hands field, 1983; Kavli et al., 1984). 

Asymptomatic carriers do not have the purulent discharge 

characteristic of gonococcal urethritis and cervicitis in 

which the neutrophil is such a prominent element. Since IgM 

is present in only trace amounts on genital mucosa 

(Schumacher, 1973), and this is the "naturally occuring" 

antibody against gonococci (Rice and Kasper, 1982); it is not 

unreasonable to assume that non-opsonic chemotaxis and non

opsonic phagocytosis by PMN may play important roles in 

initiating the inflammatory response and symptomatology seen 

with gonorrhea. Further, non-opsonic phagocytic killing may 

be important in eventually clearing gonococcal infection 

since the role of specific humoral immunity is limited by the 
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ability of the gonococcus to constantly vary its antigenic 

facade (Zak et al., 1984). 

I have found that three different gonococcal strains 

express certain outer membrane proteins of the protein II 

(P.II) family which stimulate neutrophil phagocytic killing 

and oxidative metabolism in a highly efficient, dose

dependent manner. Other P.lls expressed by two of the 

strains are non-stimulatory. Since all P.lls have very 

similar physiochemical properties, these results suggest that 

a specific receptor-ligand interaction occurs between the 

gonococcal P.II and some element of the neutrophil plasma 

membrane. The presence or absence of pili on the gonococcal 

surface has no apparent effect on the ability of certain 

P.lls to stimulate neutrophils. Changes in gonococcal outer 

membrane protein I and lipopolysaccharide, which are thought 

to confer serum resistance, also have no apparent effect on 

P.II stimulation of human PMN. Therefore, gonococcal outer 

membrane P.II may be an important mediator in the 

inflammatory response to gonococcal infection. 

Once gonococci are phagocytized by human PMN killing 

occurs rapidly and there is no evidence of significant 

intracellular survival. Non-oxidative killing by human 

chronic granulomatous disease neutrophils is as effective as 

the killing seen with normal PMN. Extracellular killing of 

gonococci does not occur to any appreciable extent. 
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FOREWORD 

Part of the impetus for the series of studies described 

here came from my inability to duplicate a set of experiments 

by Densen and Mandell (1978). They described neutrophil 

phagocytic killing of opaque, nonpiliated gonococci only in 

the presence of serum, while I repeatedly found highly 

efficient killing without opsonin. In fact, the killing 

equaled that seen when serum was present (Figure 1). This 

result was very interesting because the expression of the 

opaque phenotype by the gonococcus is not required for 

viability or virulence (Kellogg et al., 1963 and 1968) . 

Since neutrophils seem to play a critical role in host 

defense against Neisseriagonorrhoeae (Ward and Watt, 1975) it 

seemed that a careful re-examination of neutrophil-gonococcal 

interactions might yield new insight into the pathogenesis of 

gonorrhea. 

Another major impetus for some of the experiments 

described arose from the convergence of clinical observations 

by Dr. James Jones and laboratory studies by Dr. Richard 

Rest. Dr. Rest had shown in a number of experiments (Rest, 

1979; Buck and Rest, 1981; Rest and Pretzer, 1981) that 

extracts of human neutrophils effectively killed gonococci 
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without participation of oxidative metabolites. Dr. Jones 

had observed that, with better medical care, a number of 

males suffering from chronic granulomatous disease were 

reaching puberty. Consequently, some of them might be 

expected to be exposed to gonorrhea by their sexual activity. 

The current dogma, (Mandell and Hook, 1969), stated that 

the inability of chronic granulomatous disease neutrophils to 

produce reduced oxygen metabolites made the patient highly 

susceptible to serious infections with any organism capable 

of degrading its own hydrogen peroxide via catalase. 

Infections with Neisseria gonorrhoeae, (strongly catalase positive), 

might, therefore, be life-threatening for these patients. In 

light of this, it seemed important to test the ability of 

intact chronic granulomatous disease neutrophils to kill 

gonococci in vitro. 
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INTRODUCTION 

Patterns of Gonococcal Disease 

Neisseria gonorrhoeae is a pathogenic gram negative 

diplococcus whose only natural host is man. The gonococcal 

genome is small, (9.8 x 10 8 daltons), only one-third that of 

Salmonella typhimurium, and is equivalent in size to the chromosome 

of Rickettsia rickettsii. This small genetic complement is probably 

typical for a pathogenic organism which is highly adapted to 

growth in its host (Morse, 1979). 

One of the interesting features of N. gonorrhoeae is that 

single gonococcal isolates produce several different colony 

types when passaged on agar plates (Kellogg et al., 1963 and 

1968): two forms of small (0.5 mm diameter) colonies, (type 1 

and type 2) smooth and crenated, which have piliated 

gonococci, and two forms of large (1.0 mm diameter), smooth 

colonies, opaque and transparent, (type 3 and type 4) whose 

gonococci lack pili (Swanson et al., 1971). Small and large 

colonial types appear opaque or transparent depending upon 
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whether or not the bacteria are expressing "opacity

associated proteins" which cause the gonococci to more 

closely aggregate and transmit less light (Walstad et al., 

1977; Swanson, 1978b; Lambdon and Heckels, 1979). 

The gonococcus can produce disease at a variety of sites 

depending upon the particular strain involved, and any host 

factors which lower resistance to the spread of infection. 

Host susceptibilities may be temporary, such as, the onset of 

menses, or chronic, as in complement component deficiency 

states (Sweet et al., 1986; Ross and Densen, 1984). Two 

broad descriptive terms are used for gonococcal infections 

and the associated isolates: a) uncomplicated gonococcal 

infection (UGI), and b) disseminated gonococcal infection 

(DGI). DGI strains generally show resistance to killing by 

normal (non-immune) human sera, but this is by no means an 

absolute correlation (O'Brien et al., 1983). Many DGI 

strains require arginine, hypoxanthine and uracil as 

additional growth factors, most have low minimum inhibitory 

concentrations to penicillin « 0.03 ~g/ml), most are of a 

single outer membrane protein I coagglatination serogroup, 

WI, and almost all (90%) give rise to transparent colonial 

variants on agar plates after one subpassage, whereas, UGI 

strains are much more heterogeneous for these traits (O'Brien 

et al., 1983; Danielsson et al., 1983; Strader et al., 1986). 

Since disseminated infections must start from a localized 
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infection, some UGI isolates may have all the traits commonly 

associated with DGI strains. 

Most gonococcal infections remain localized to the 

initial site of infection: cervical, urethral, rectal, 

pharyngeal, or conjunctival mucosa. In one series only 3% of 

168 urethral gonococcal infections in men were complicated by 

epididymitis and 17% of 135 cervical infections in women were 

followed by pelvic inflammatory disease (Brunham et al., 

1985). Untreated localized gonococcal infection in humans is 

usually a self-limited disease. Lucas was able to follow in 

detail the course of untreated UGI by experimentally 

infecting male chimpanzees (Lucas et al., 1971; Brown and 

Lucas, 1973). Urethral cultures first became positive when 

urethral exudate was first noted on the fourth day after 

inoculation. Thereafter, urethral cultures were consistently 

positive until day thirty post inoculation. Complement

fixing antigonococcal antibodies were first detected in the 

sera of the chimpanzees between days 14 and 25 after 

inoculation. All sera remained positive for antigonococcal 

antibodies after cultures had become negative. 

Currently, only about one to three percent of patients 

with gonococcal infections develop bacteremia (Black and 

Sparling, 1985). Disseminated gonococcal infection (DGI) was 

a more frequent occurence in the pre-antibiotic era, and, at 

that time, was more common in men. DGI patients are now 
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about 80% women (AI-Suleiman, et al., 1983). The most 

common presenting symptom of DGI is arthralgia in two or more 

joints (83.6%). Other presenting symptoms include: rash 

(43.6%), chills and fever (32.7%), vaginal or urethral 

discharge (23.6%), and, nausea and vomiting (12.7%) (Goldman, 

1981; AI-Suleiman, et al., 1983). AI-Saleiman found that 

women are more likely to develop signs and symptoms of DGI 

during the first few days after the onset of menstruation 

than during other times of the menstrual cycle. 

Complications of DGI, although rare with appropriate 

antibiotic therapy, include endocarditis, osteomyelitis, 

pneumonia, and meningitis (Masi and Eisenstein, 1981). 

Gonococcal strains causing meningitis may represent a subset 

of DGI strains which lack a common surface antigen. Rice and 

co-workers recently reported that three gonococcal isolates 

from patients with meningitis failed to agglutinate with 

wheat germ lectin, whereas, 98-100% of other strains tested, 

including 10 other DGI strains, readily agglutinated with the 

lectin (Rice et al., 1986). 

Gonococcal infection is a frequent cause of pelvic 

inflammatory disease (PID) (Handsfield, 1983). It is 

estimated that annually 200,000 to 300,000 cases of PID in 

the United States are caused by Neisseria gonorrhoeae, and, that 10 

to 15 percent of these infections result in infertility due 

to bilateral tubal occlusion. In some developing countries, 
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75 percent of women of childbearing age are infertile 

secondary to tubal strictures attributed to gonococcal PID 

(Hands field, 1983). Gonococcal PID is significantly more 

likely to occur during the first seven days following the 

onset of menses than at other times of the menstrual cycle 

(Sweet et al., 1986). Draper and co-workers (Draper, et 

al., 1980b) compared cervical and fallopian tube isolates 

from women with gonococcal salpingitis. They found that the 

two isolates from individual women were, in each case, a 

single strain, as judged by outer membrane protein I 

molecular weight, auxotype, pattern of antimicrobial 

susceptibility, and serum susceptibility, but, the fallopian 

tube isolates showed predominantly transparent colony types 

on agar plates while the cervical isolates were predominantly 

opaque. 

Greater than 90 percent of men and approximately 75 

percent of women who acquire gonnorrhea develop symptoms, but 

those who remain asymptomatic tend to accumulate in the 

population as carriers (Handsfield, 1983). 
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Microscopic Observations of Acute Gonorrhea 

The symptoms of acute inflammation caused by gonococci 

result from the patchy destruction of the mucosal surface 

with the accumulation of polymorphonuclear leukocytes (PMN) 

and gonococci in subepithelial tissues (Ward and Watt, 1972) 

While PMN are numerous in gonococcal urethral exudates, 

monocytes and lymphocytes are rarely seen (Ovcinnikov and 

Delectoskij, 1971). Electron microscopy reveals gonococci 

attached to PMN, PMN actively extending pseudopods to ingest 

gonococci, and partially digested gonococci within PMN (Klein 

et al., 1977; Novotny et al., 1975). Gonococci can also be 

seen attached to shed epithelial cells in urethral exudate, 

and occassionally, clusters of gonococci are found enclosed 

within a "sac-like" structure on the edge of the epithelial 

cell. Many more clusters of gonococci are £ound inside 

vesicular membranes unattached to cells (Novotny et al., 

1975). The association between symptomatic gonococcal 

urethritis in men and the presence of a polymorphonuclear 

discharge containing intracellular gram-negative diplococci 

is so strong that a Gram's stain showing these features has 

nearly 98 percent specificity for gonococcal infection 

(Goodheart et al., 1982). Si~ilarly, an endocervical smear 
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demonstrating gram-negative diplococci within neutrophils has 

greater than 90 percent specificity for gonococcal cervicitis 

(Handsfield, 1983). 

Gonococcal Virulence Factors 

Neisseria gonorrhoeae was first grown in vitro in 1882 by 

Leistikow and Loeffler, but no specific virulence factors 

were identified until Kellogg correlated certain colonial 

types on agar with increased infectivity (Kellogg et al., 

1963 and 1968). As described above, four distinct colonial 

"types" were identified after non-selective passage of the 

primary UGI isolate F62. The two compact colony forms, type 

1 and type 2, were differentiat~d by their surface textures 

and consistency; smooth and viscid, versus crenated and 

friable, respectively. The two larger colony forms, type 3 

and type 4, were differentiated on the basis of opacity; 

opaque versus transparent, respectively. Kellogg found that 

all four types were physiologically indistinguishable, and at 

38 passages all four types were able to produce infection in 

male volunteers. However, when type 1 and type 4 were 
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inoculated into volunteers after 69 passages only the 

volunteers given type 1 were infected. Further, after 17 

months of in vitro cultivation F62 type 3 and type 4 were 

unable to produce disease in male volunteers while types 1 

and 2 were pathogenic (Kellogg et al., 1968). When primary 

isolates from patients were examined for colony types, 

Kellogg found that roughly 90% of the colonies were type 1 

and 10% types 2 and 3. Kellogg and his co-workers concluded 

that only type 1 showed significant virulence. 

Since Kellogg's observations it has been shown that type 

1 and type 2 gonococci but not types 3 and 4 have pili, 

(Swanson et al., 1971). Pili are tubular structures with an 

average thickness of 4.5 nm, and variable length, which may 

be seen to protrude from one, or several areas of the 

bacterial surface (Novotny et al., 1975). It was also 

established that colony type 4 lacks certain outer membrane 

proteins, "opacity-associated proteins," possessed by type 3 

gonococci (Walstad et al., 1977; Swanson, 1978b; Lambden and 

Heckels, 1979). The gonococcal "opacity-associated" proteins 

are a subclass of the gonococcal outer membrane protein II 

(P. II) family. Not all P.lI-expressing gonococci give rise 

to opaque colonies, but, all opaque colonies have P.II+ 

gonococci (Swanson, 1982). 

Many studies have used different colony types of 

isogenic gonococci to investigate interactions between 
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gonococci and eukaryotic tissues. James-Holmquest et al. 

(1974) showed that piliated gonococci have a marked advantage 

over nonpiliated types in adherence to human sperm. This 

might provide one mechanism by which the non-motile 

gonococcus moves about the genital tract. McGee and co

workers (McGee and Horn, 1979; McGee et al., 1976; 1978; 

1981; 1982; and 1984) have used human fallopian tube explants 

to examine the virulence of gonococcal colonial variants. 

They found that piliated (type 1) gonococci attach to and 

damage the mucosal cells, cause decreased ciliary activity 

and cell sloughing, more rapidly than nonpiliated, 

transparent (type 4) gonococci. Gonococci attach almost 

exclusively to the nonciliated cells. Subsequently, some of 

the bacteria are engulfed by the mucosal cells, and 

eventually transported in membrane-bound vessicles to the 

submucosal cell border where they are exocytosed, apparently 

without harm. Although piliated gonococci attach more 

rapidly, antibody to gonococcal pili does not block the 

attachment process or prevent mucosal damage, and, 

nonpiliated gonococci, once attached, are engulfed just as 

rapidly as piliated variants. McGee found that a cell-free 

filtrate of his culture system was able to produce toxic 

effects on mucosal cells in fresh fallopian tube explants. 

Other workers have since shown that both gonococcal 

lipopolysaccharide and peptidoglycan fragments are toxic to 
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human fallopian tube mucosa (Gregg et al., 1981; Goldenberg 

et al., 1984; Cooper et al., 1986; Melly et al., 1984). 

McGee also found that commensal Neisseria species incubated with 

human fallopian tube explants neither attach to the explants, 

nor damage mucosal cells. When fallopian tube explants from 

rabbits, cows, pigs, or guinea pigs were used, gonococci 

attached and adhered much less readily than was seen with 

human fallopian tubes. 

Other workers have also studied interactions between 

gonococcal colonial variants and various tissues. Waitkins 

and Flynn (1973) used 3T3 mouse cells and the Vero monkey 

cell line with type 1 (piliated) and type 4 (nonpiliated, 

transparent) gonococci. They found both colonial types are 

engulfed by the cell lines. Waitkins and Flynn were able to 

show that the intracellular bacteria are viable by using rat 

serum to kill extracellular gonococci and then recovering 

viable organisms after disrupting the tissue culture cells. 

Ota et ale (1975) inoculated Rhesus monkey kidney cell 

monolayers with type 1 (piliated) gonococci. Interestingly, 

over time they found an exponontial growth of cell-bound 

bacteria but a gradual decrease of extracellular gonococci. 

At the same time, there was an almost complete shift in 

colonial variants from the original inoculum, type 1, to type 

3, (nonpiliated, opaque). They suggested that adherence to 

the cell surface might allow the gonococci to obtain some 
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necessary growth factor, but didn't comment on the shift in 

colonial types. Tebbutt et al. (1976) tested for the 

relative adherence of gonococci to fresh human endocervix, 

ectocervix, fallopian tube and bronchus. Both piliated and 

nonpiliated gonococci adhere to all tissues, with piliated 

showing an advantage only with human endocervix. They 

concluded that pili are not the only factor involved with 

adherence. James et al. (1979) supported this idea by 

reporting that when opaque and transparent gonococci are 

piliated to the same extent, the opaque variants attach 3 to 

20 times more frequently to various tissue culture cell 

lines. He further reported that an analysis of the maximum 

number of binding sites, and the net affinity constant 

(strength of binding), for opaque and transparent phenotypes 

shows an equivalent number of sites, but an affinity constant 

almost one hundred times greater for the opaque types. 

One virulence factor produced by N. gonorrhoeae and N. 

meningitidis, but not commensal Neisseria species, is an 

immunoglobulin A (IgA) protease (Plant et al., 1975). The 

enzyme, which has a molecular weight of 105,000, cleaves 

human IgA 1, but has no effect on human IgA 2, immunoglobulin 

G (IgG), or immunoglobulin M (IgM) (Halter et al., 1984). 

Cooper et al. (1984) demonstrated that the protease is 

produced by all colonial types of gonococci, and by both UGI 

and DGI strains. Cooper and co-workers also were able to 
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show that an IgA 1 protease-deficient mutant attaches to, 

damages, and invades human fallopian tube mucosa as readily 

as the parental IgA1 protease-secreting clone - i.e., outer 

membrane adherent protease does not seem to function in a 

receptor-ligand system with surface-bound IgA1 on the mucosal 

cells. Recently, Mulks and Knapp (1987) have shown that N. 

gonorrhoeae strains may have either of two types of IgA1 

protease which cleave at slightly different peptide bonds in 

the hinge region of the human IgA1 heavy chain. Almost all, 

97.9% of type 1 IgA1 protease producing strains belong to the 

outer membrane protein IA-1 and IA-2 serovars which are 

highly associated with DGI isolates (Mulks and Knapp, 1987; 

Brunham et al., 1985). It is unknown, at present, if the 

type 1 IgA1 protease affords any additional advantage to 

those gonococcal strains which produce it rather than the 

type 2 IgA1 protease. 

As mentioned earlier, one of the most important and 

consistent features which distinguishes DGI strains from UGI 

strains is serum resistance (O'Brien et al., 1983). Rice and 

Kasper (1982) found that serum sensitive strains, UGI 

strains, show a greater than 50% decrease in colony-forming

units (CFU) when incubated with 1% normal human serum, while 

DGI strains have less than a 50% CFU reduction after exposure 

to 60% normal human serum. They found that the bactericidal 

activity in normal non-immune serum is mediated by IgM 
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directed against lipopolysaccharide, while killing of 

resistant strains by convalescent DGl sera is accomplished by 

19G, also directed against lipopolysaccharide antigens. Rice 

and Kasper discovered, however, that the 19G fraction in non

immune sera interferes with the subsequent killing of serum

resistant gonococcal strains by both normal and convalescent 

sera. This 19G-associated blocking activity is remov~d by 

preabsorption with outer membrane preparations from serum

resistant gonococci. Serum-sensitive gonococcal preparations 

are five times less active in binding the blocking 19G. 

Joiner et al. (1983) reported that the C5b-9 complex bound to 

serum-sensitive gonococci after incubation with normal human 

serum is somehow different than the C5b-9 complex formed on 

resistant gonococci, since extraction of the complexes yield, 

respectively, a single, sharp peak, or two broad peaks on 

sucrose density gradients. When serum resistant organisms 

were pre-incubated with immune serum the resultant extraction 

yielded a single peak, apparently identical to that seen 

before. Densen et al. (1982) showed that there is a 

preferential use of the alternative pathway in complement 

fixation by DGl strains, and the classical pathway for local 

strains, resulting in a delayed generation of chemotactic 

factor C5a with DGl strains. 

The association between serum resistance in gonococci 

and a particular outer membrane protein I serotype, P.lA, is 
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now well established (James et al., 1982; Cannon et al., 

1983; Brunham et al., 1985; Mulks and Knapp, 1987). Martin 

et al. (1986) found thirty-one of thirty-five DGI strains had 

P.ls with an apparent molecular weight of 36,000, while UGI 

strains collected from the same geographic area during the 

same time period showed a heterogeneity of P.I molecular 

weights, from 35,000 to 38,000 daltons. Barrera and Swanson 

(1984) have suggested interesting differences in surface 

exposure and P.I.B., orientation between the P.IA, found in 

serum-resistant strains, and found in UGI strains. The P.IA 

molecule apparently has only one end inserted into the 

gonococcal membrane, while the much more common P.IB molecule 

has both termini inserted, creating a middle exposed section 

resembling a loop. 

Certain gonococcal lipopolysaccharide types may also be 

involved with serum resistance. Blackwell et al. (1978 and 

1984) and Winstanley et al. (1983) used R-type pyocin 

sensitivity to separate gonococcal isolates into 

lipopolysaccharide (LPS) Group I, sensitive only to R5 

pyocins, and Group II, sensitive to R5 and R1 pyocins. The 

simpler Group I LPS, lacking some antigenic sites, was found 

in 41.6% of DGI strains tested, but only 13.6% of UGI 

strains. Sera from patients with gonorrhea, as well as 

control sera, exhibited significant titers only against the 

more complex Group II LPS. Judd et al. (1987) used DNA from 
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a P.IA expressing serum-resistant strain to transform the 

serum-sensitive P.IB-bearing strain F62. A serum- resistant 

transformant, FA638, was shown to now express a P.IA molecule 

structurally and antigentically indistinguishable from that 

possessed by the donor strain. However, in all their 

transformants, Judd and co-workers have observed a slight 

variation in the pattern of LPS silver staining in SDS-PAGE 

whenever an alternation in P.I occurs. They suggested that 

there is a link between P.I and LPS expression due to the 

close proximity of the sac-J LPS locus and the nmp-2 P. I locus 

on the gonococcal chromosome. Because of this linkage, the 

relative contributions of P.I and LPS to serum resistance may 

take some time to elucidate. 

Humoral and Cell-Mediated Immune 

Responses to Gonococcal Infections 

Cohen and Norins (1966) examined sera from twenty adults 

with no history of gonococcal infection for anti-gonococcal 

activity. They found "natural"'human antibodies to N. 

gonorrhoeae of IgG, IgM, and IgA classes in all twenty serum 

samples. The relative strength of "natural" anti-gonococcal 
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activity in an individual's serum is unrelated to another 

group of "naturally-occuring" antibodies, blood group system 

ABO isoagglutinins, which are thought to arise after the 

infant becomes exposed to a variety of bacterial antigens in 

the newly colonized intestinal tract. 

Early experiments with gonococcal urethral infections in 

chimpanzees showed that although untreated animals were able 

to clear their infections by day 42, all were susceptible to 

re-infection with the same strain four weeks later (Arko et 

al., 1974). Systemic immunization with a formalin-killed 

vaccine gave increased resistance to infection with low doses 

of the homologous strain inoculated into the urethra, but 

with large doses of organisms infection occured. Both 

immunized and control chimps were equally susceptible to 

infection with a different strain (Arko et al., 1974). 

Clinical experience in humans also shows that gonococcal 

infection does not protect against future infections (Kavli, 

et al. 1984). 

Increased anti-gonococcal activity in the serum of 

patients following localized infections is demonstrated in 

only a minority of cases (Kasper et al., 1977). Kasper and 

co-workers found that the incidence of specific bactericidal 

antibody in serum in UGI patients increased with increased 

duration of infection. In UGI sera specific anti-gonococcal 

antibody reacts primarily with outer membrane protein II, and 
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to a small degree with lipopolysaccharide, but not to the 

principle outer membrane protein P.I (Hadfield and Glynn, 

1982). In contrast, sera from DGI patients shows specific 

activity directed against outer membrane P.I and, in most 

patients, protein II. 

Cervical secretions contain from 0.10 mg/ml to 6.0 mg/ml 

of IgG and from 0.05 mg/ml to 1.4 mg/ml of IgA, but only 

trace amounts of IgM. Maximum immunoglobulin levels are 

found around the time of menses (Schumacher, 1973). Tramont 

et al. (1980) found that specific antibody activity in 

vaginal secretions during gonococcal infection is mostly 

removed after absorption with a preparation of gonococcal 

pili. Residual activity is removed by absorption with outer 

membrane proteins. Brooks et al. (1981) showed that seminal 

plasma has no apparent effect on the attachment of IgG, IgM 

or IgA to gonococci, but markedly inhibits complement 

mediated bactericidal and opsonic activities against N. 

goriOrrhoeae. 

Landolfo et al. (1981) were able to demonstrate cell

mediated immune responses to N.gonorrhoeae in sixteen of thirty 

patients with genital infections by use of a leukocyte 

migration inhibition assay. The response peaked between 

seven and ten days following the onset of symptoms, and 

lasted until day forty in a few patients. Grimble and 

McIllmurry (1973) showed that patients with untreated 
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gonorrhea of at least four or five days have specific cell

mediated activity detectable in a lymphocyte transformation 

assay. They concluded, however, that there is no evidence 

that cell-mediated immune responses are protective for 

urogenital gonococcal infections since a husband and wife who 

both tested positive in the assay had re-infected each other 

a number of times. 

~chanisms of Phagocytic Recognition 

There have been a number of reviews of leukocyte 

phagocytosis (Horwitz, 1982; Klebanoff and Clark, 1978; 

Wilkinson, 1977). In simplest outline the early part of 

phagocytosis can be divided into an attachment phase, 

recognition phase, and engulfment phase. The role of 

microfilaments in the engulfment phase is fairly well 

understood (Boxer and Stossel, 1976). Much less is known 

about the events and cellular components involved in 

attachment and recognition, but local membrane potential 

changes and loss of calcium from the plasma membrane seem to 

follow the "recognition" event (Mottola and Romeo, 1982). 

Once the recognition event has occurred, complete 
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internalization of bacteria can be accomplished within 30 

seconds (MacRae et al., 1980). It is clear from Densen et 

al. (1978) that attachment does not necessarily lead to 

ingestion. Wilkinson (1976 and 1977) proposed three 

mechanisms by which phagocytes recognize materials to be 

engulfed: a) stereospecific cell membrane receptors for 

individual antigens, b) immunoglobulin (Fc) and complement 

(C3b) receptors for opsonized particles, and c) recognition 

of general physical characteristics of particles - i.e., 

affinities due to hydrophobicity or electrostatic attraction. 

Most studies to date have involved phagocytic recognition via 

Fc and C3b receptors. 

Fenn (1922) suggested that the outcome of encounters 

between phagocytes and particles is determined by the effects 

of surface forces, surface tension and surface free energy, 

active between the phagocyte and the particle. Two recent 

studies have examined the role of general physical forces in 

phagocytosis. Absolom et al. (1982) has shown that 

hydrophobic bacteria aspecifically adsorb immunoglobulin. 

The greater the hydrophobicity of the bacteria, the greater 

the amount of non-specific opsonin that is absorbed, and the 

greater the level of phagocytosis. Benoliel et al. (1980) 

used several different metabolic inhibitors, as well as 

different inhibitors of hydrophobic interactions to show that 
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there are apparently several different adhesive mechanisms in 

non-opsonic phagocytosis. 

Muller et al. (1980), and Sheterline and Hopkins (1981) 

have used two different techniques to study plasma membrane 

components of phagocytes. Muller used in ~ iodination to 

show that there are some 24 distinct proteins which are found 

on the plasma membrane and which are also found on the 

internal surface of phagocytic vacuoles formed during the 

engulfment of latex beads. Some or all of these proteins may 

mediate surface recognition of particles. Sherterline and 

Hopkins utilized a nonionic detergent to produce neutrophil 

ghosts consisting only of the cellular cytoskeleton. They 

were able to demonstrate that certain plasma membrane 

receptors are still present in the ghosts. Consequently, 

these receptors in intact cells are linked to the filamentous 

network. For some receptors, then, a recognition signal may 

be passed by a direct protein linkage to the cytoskeleton. 

Oxidative and Non-Oxidative Killing by Phagocytes 

In 1967, Quie et al. publisned the results of in vitro 

bactericidal assays using polymorphonuclear leukocytes (PMN) 
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from five patients with chronic granulomatous disease of 

childhood (CGD). They described normal phagocytic activity 

with the CGD neutrophils, but greater than a fifty percent 

reduction in killing of the gram-positive coccus Staphylococcus 

aureus and the gram-negative bacillus Hafniaalvei compared with 

normal PMN. In 1969, Mandell and Hook reported that the 

defect in CGD phagocytic killing is apparent with only 

certain bacterial species. They suggested that the 

differences in bactericidal activity result from both an 

inability of CGD phagocytes to produce significant amounts of 

hydrogen peroxide and the fact that catalase producing 

bacteria, such as S.aweus, degrade their own hydrogen peroxide 

so that none is made available to the deficient bactericidal 

systems of the CGD cells. In other words, bacteria which are 

easily killed by CGD phagocytes supply the missing substrate 

for their own destruction - hydrogen peroxide. Klebanoff 

(1975) proposed that the major microbicidal system of 

phagocytes utilizes oxygen-dependent free radicals and 

hydrogen peroxide which are either directly toxic or act as 

the substrate for myeloperoxidase-mediated halogenation of 

the pathogen. When normal neutrophils are involved in active 

phagocytosis they shift into a "metabolic burst" in which 

there is a marked increase in oxidative metabolism. About 

twenty-eight percent of the oxygen taken up during the 

oxidative burst is converted to active chlorinating agents -
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i.e. HOCl production (Foote et al., 1983). The metabolic 

burst is markedly inhibited when phagocytic assays are 

conducted in calcium-free media or when the calcium channel 

blocker Verapamil is used in calcium containing solutions 

(Kazanjian and Pennington, 1985). 

One indirect method'utilized to measure the degree of 
. 

activation of the NADPH oxidase system during phagocytosis is 

luminol enhanced chemiluminescence (CL). Luminol is a 

nontoxic compound which can convert chemical energy supplied 

by oxidants into light. The intensity of the emitted light 

is directly proportional to the accumulation of oxidizing 

radicals, and the initial rate of change of CL and the 

initial rate of killing of S.aure~ by PMN correlates very well 

(Ewetz et al., 1981). Recently, Brestel (1985) has presented 

evidence that H202 and HOCl act synergistically to oxidize 

luminol at physiologic pH, while 02- and OH are not involved. 

Odeberg and Olsson (1975 and 1976) have shown that human 

neutrophil granules contain cationic bactericidal proteins 

which in vitro are able to inhibit macromolecular synthesis 

in bacteria. The cationic proteins are more active against 

gram-positive organisms, but gram-negative bacterial are also 

affected. Buck and Rest (1981) found that whole extract of 

human neutrophil granules produces exponential killing N. 

gonorrhoeae F62 type 4 over 120 minutes even though no lysis of 

gonococci was noted during the first 60 minutes and 
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macromolecular synthesis continued at normal levels for at 

least 45 minutes. Gonococci briefly exposed to granule 

extract and then washed died at the same rate as those 

continuously exposed, suggesting a bactericidal component(s) 

which sticks to the bacterial surface. Weiss and co-workers 

(1980) have purified a cationic membrane-active protein from 

human and rabbit PMN which is able to produce rapid killing 

of gram-negative bacterial in vitro. The protein produces an 

increase in outer membrane permeability proportional to the 

number of molecules which bind. The degree of binding 

depends upon lipopolysaccharide carbohydrate chain length -

i.e. the shorter the chain length the more "permeability 

increasing" protein bound. In an elegant study by Eaton and 

Rest (1983) nearly identical degradation of gonococcal outer 

membrane proteins was demonstrated in intact neutrophils and 

isolated phagolysosomes. Under both conditions protein lIs 

were more susceptible to hydrolysis than protein I. They 

also found evidence that the enzymatic activity of elastase, 

one of the cationic proteins contained in lysosomes, is 

critical for the bactericidal effects of granule extract. 

The hydrolytic activity of granule extract is prevented by 

the use of a specific elastase inhibitor (unpublished 

observations by Eaton and Rest) . 



Gonococcal Surface Structures as Modulators of 

Neutrophil Responses 
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The gonococcus interacts with neutrophils by means of 

its surface components: capsular material, pili, and 

constituents of the outer membrane. The gonococcal outer 

membrane is similar in composition to that of other gram

negative organisms, in that various proteins are embedded in 

lipopolysaccharide, only some of which are exposed to the 

bacterial surface (Johnston and Gotschlich, 1974; Morse, 

1979) . 

The three most numerous gonococcal outer membrane 

proteins, protein I, protein II, and protein III are surface

exposed proteins with hydrophobic portions embedded in the 

outer membrane lipid bilayer. There are two subtypes of 

protein I, the common protein IB, and the relatively rare 

protein lA, found in UGI and DGI strains, respectively. 

Protein I appears to have both ends inserted into the unit 

membrane with a surface-exposed middle section resembling a 

loop. Protein IA apparently has only one end inserted into 

the unit membrane. Protein III, which exists in a complex 

with protein IB, has a linear configuration, with only one 

end inserted into the membrane. Protein II also exists in a 
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linear configuration (Heckels and James, 1980; Blake et al., 

1981; Swanson et al., 1982). Protein I functions as a porin 

- i.e. a protein which provides a pathway for the entry of 

hydrophilic molecules through the outer membrane of gram

negative bacteria (Blake and Gotschlich, 1983; Young et al., 

1983; Burns and Smith, 1987). 

Several investigators have established that gonococci 

possess a capsule (Richardson and Sadoff, 1977; James and 

Swanson, 1977). Some commensal species of Neisseria are also 

encapsulated, so, this is not a unique feature of the 

gonococcus (Johnson, 1983). Richardson and Sadoff (1977) 

reported that the capsule was anti-phagocytic, but James and 

Swanson (1977) claimed that it had little effect on 

neutrophil-gonococcal interactions. 

pili are composed of pilin subunits which vary 

considerably in molecular weight, 17,000 to 21,000 on SDS

PAGE, and antigenic specificity in different clinical 

isolates (Buchanan, 1975; Robertson'et al., 1977; Lambden et 

al., 1980; Salit et al., 1980; Duckworth et al., 1983; Virji 

and Heckels, 1984). As shown by Virji and Heckels, the 

variations in antigenic specificity occurs in the surface 

exposed region of the subunits. Both the switch to and from 

the piliated phenotype, and the switch from one antigenic 

pilus variant to another, appear to be controlled by a single 

genetic mechanism involving gene conversion (Meyer et al., 
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1982; Hagblom et al., 1985; Haas and Meyer, 1986; Bergstrom 

et al., 1985; Swanson et al., 1987). Most strains of Neisseria 

gonorrhoeae apparently have only one complete gene locus for the 

pilin subunit, but an additional 12 to 16 partial pilin gene 

copies may exchange DNA sequences with the "expression" locus 

(Swanson et al., 1986). Depending upon how the partial pilin 

copies recombine with the complete pilin locus, a nonsense, 

non-expressed sequence, or, a translated, expressed sequence 

is generated; giving rise, respectively, to a nonpiliated 

phenotype, or a piliated phenotype with different 

antigenicity. 

Many early studies (Densen et al., 1978; Densen and 

Mandell, 1978; Dilworth et al., 1975; Ofek et al., 1974; 

Punsalang and Sawyer, 1973; Thomas et al., 1973; Thongthai 

and Sawyer, 1973) compared neutrophil phagocytosis of 

piliated and nonpiliated gonococci after it was shown by 

Kellogg (1963) that infective forms of gonococci were 

piliated. Most of these studies indicated that piliated 

gonococci were generally resistant to engulfment, whether or 

not serum opsonins were present. Densen (1978), in an 

elegant study using phase-contrast cinemicrography, 

demonstrated that gonococci in urethral pus were both 

attached to the PMN surface and within the cytoplasm. All of 

these studies reported substantial ingestion of nonpiliated 

forms in the presence of fresh serum. Only Dilworth (1975), 
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reported similar phagocytosis of nonpiliated gonococci 

without serum. Unfortunately, most of these early studies 

did not measure phagocytic killing, and many did not attempt 

to distinguish between attachment and ingestion. 

Two early groups of investigators examined the ability 

of different colony types to stimulate neutrophil metabolic 

activity. Densen and Mandell (1976) found that equivalent 

numbers of piliated (type 1) and nonpiliated, opaque (type 3) 

gonococci, stimulated PMN oxygen consumption equally. 

Krieger et al. (1980), however, found minimally increased 

oxygen consumption in PMN exposed to heavily piliated 

gonococci (type 2), while marked metabolic stimulation was 

observed with nonpiliated, transparent (type 4) gonococci. 

Swanson et al. (1975a and 1975b) suggested that many of 

the discrepancies in studies of gonococcal-PMN interactions 

resulted from the presence or absence of a then undetected 

surface protein he termed leukocyte association factor. 

Swanson and co-workers demonstrated that the presence of this 

additional protein on the surface of transparent gonococcal 

variants produces large increases in association with PMN 

(Swanson et al., 1974; Swanson et al. 1975). Further, the 

protein seems to have more effect on gonococcal-leukocyte 

interactions than pili (Swanson and Zeligs, 1974; Swanson and 

King, 1978). 
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In my initial studies (Figures 1,2 and 3), I found that 

an opaque, nonpiliated gonococcal variant, expressing two 

"opacity-associated" proteins on its surface, was readily 

phagocytized and killed by human PMN in the absence of serum 

while a transparent variant, lacking opacity-associated 

proteins, was not. These results were in disagreement with 

Swanson's earlier reports (Swanson et al., 1974 and 1975), 

which found no relationship between "opacity-associated" 

proteins and leukocyte association. 

Recently, some investigators have begun to examine how 

the expression of particular P.lls influences gonococcal 

interactions with host cells. McBride et al. (1981) 

inoculated a mixture of P.II variants into a guinea pig 

chamber and followed the frequency of individual P.II types 

over time. After a few days there seemed to be a selective 

advantage for variants expressing P.II outer membrane 

proteins, and, among the survivors were several variants with 

P.lls not present in the initial inoculum. Heckels and James 

(1980) and Lambden et al. (1979) have demonstrated increased 

attachment of gonococcal variants with P.lls to epithelial 

cells. Lambden et al. (1979) and Magnusson et al. (1980) 

also found increased attachement of P.II variants to PMN. 

These last two studies examined the charge and hydrophobicity 

of variants used and found no important differences between 

gonococci with P.Ils and those without. 
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The role of carbohydrate moieties in interactions 

between P.II variants and eukaryotic cells was examined by 

King and Swanson (1978) and later by Heckels and James 

(1980). King and Swanson found that sodium periodate . 

treatment of gonococci with "leukocyte-association factor" 

reduced the subsequent attachment to PMN. Similar incubation 

with neutrophils had no effect on attachment. Although this 

suggested that leukocyte-association factor might have 

carbohydrate at the PMN binding site, pretreatment with 

glycosidases or incubation with monosaccharides had no effect 

upon interactions with PMN. Heckels and James (1980), who 

also used sodium periodate, glycosidases, and 

monosaccharides, were unable to reduce the attachment 

advantage of P.lla variants over P.II- gonococci in an assay 

with buccal epithelium. Treatment of the P.lla variants with 

trypsin, however, quickly negated their attachment advantage. 

Outer Membrane Proteins of the P.II Fami~ 

It is now known that both the gonococcal "opacity

associated" proteins and the leukocyte-association factor 

described by Swanson (Swanson et al., 1975a) belong to the 
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class of gonococcal outer membrane proteins called Protein II 

(P.II), or "heat-modifiable proteins". The physiochemical 

characteristics of the P.II family have been described by 

Heckels (Heckels, 1977; Heckels, 1981; Lambden and Heckels, 

1979), Blake (Blake et al., 1981), and Swanson (1977a, 1978a, 

1980): a) P.lls have subunit molecular weights between 20,000 

and 32,000 by SDS-PAGE, b) the apparent molecular weight of 

an individual protein changes depending upon the temperature 

used when solubilizing in sodium dodecyl sulfate before 

electrophoresis, c) P.lls are highly susceptible to cleavage 

by trypsin, d) all P.lls studied have shown at least 50% 

homology by peptide mapping, e) the peptides that are 

variable from P.II to P.II are within the region of the 

protein exposed to the gonococcal surface, f) both laboratory 

strains and recent clinical isolates give rise to phenotypic 

variants which may express none, one, two, or three of the 

P.lls at a given point in time, g) the expression of an 

individual P.II is independent of the presence or absence of 

a capsule, pili, or other P.lls, and h) as described earlier, 

the presence of certain P.lls on the gonococcal surface is 

responsible for the opacity of some colonies on agar, as 

first described by Kellogg (1963, 1968). Recently, Blake and 

Gotschlich (1984) found, by gas-liquid chromatography 

analysis, that P.lls lack any associated carbohydrate. They 

also reported nearly identical amino acid sequences for the 
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last ten residues of the surface-exposed amino termini for 

two different P.lls purified from two unrelated gonococcal 

isolates. This is an interesting finding since other 

investigators have demonstrated extensive interstrain and 

intrastrain variability in peptide composition and antigenic 

structure of the P.II surface-exposed region taken as a whole 

(Diaz and Heckel, 1982; Swanson and Barrera, 1983; Zak et 

al., 1984; Black et al., 1984; Newhall et al., 1985). 

Mayer (1982) examined twelve strains of Neisseria gonorrhoeae 

to determine the in vitro rate of change of colony opacity 

(P.II+) phenotypes and found an apparent rate of switching of 

P.lls of 2 x 10-3 per cell per generation. He also found 

that none of a wide variety of environmental conditions or 

added compounds has any effect on the rate of P.II switching. 

Schwalbe et al. (1985) were able to demonstrate extensive 

intrastrain P.II switching in vivo by examining fifty-four 

isolates from an outbreak of gonorrhea caused by a single 

penicillin-resistant strain. Seven different P.lls were 

identified, with no single P.II or combination of P.lls 

predominating. They found no association between the P.II 

profile and the particular site of isolation. Finally, 

gonococci isolated from one patient at different times had 

different P.II profiles. 

Many aspects of the genetic regulation of P.II 

expression have been recently elucidated (Stern et al., 1984 
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and 1986; Schwalbe and Cannon, 1986): a) the expression of 

each individual P.II protein is controlled by a separate gene 

locus, b) the P.II loci are dispersed throughout the 

gonococcal chromosome, c) each P.II gene has a leader 

sequence which contains a variable number of CTCTT pentamers, 

d) the addition or subtraction of these pentameric units 

shifts the ATG initiation codon, and its P.II sequence, into, 

or out of, reading frame so that a translatable, or nonsense, 

gene transcription will occur, e) the mechanism for addition 

or subtraction of the pentamers may involve "stuttering" of 

the DNA polymerase over a particularly "difficult" sequence 

during chromosomal replication, f) sequence alterations 

within the structural regions of a particular P.II locus 

appear to result from gene conversion, in which portions of 

other "donor" P.II genes are duplicated and then recombine 

with the first locus to produce a variant sequence. 

Stern et al. (1986) compared variant opacity gene (P.II) 

sequences and found extensive homology interrupted by a 

number of nucleotide exchanges, small deletions, and small 

insertions, all of which maintain the continuity of the open 

reading frame. The alterations are clustered in two 

hypervariable domains which code for hydrophilic amino acids. 

Conserved regions are in areas of the gene coding for 

hydrophobic amino acids involved with anchoring the protein 



in the outer membrane and the terminal hydrophilic amino 

acids available for interactions with host cells. 
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MATERIALS AND METHODS 

Bacteria, Two strains of ~ gonorrhoeae, each 

consisting of a set of several isogenic non-piliated 

variants, were generous gifts of Dr, Janne Cannon (strain 

FA1090), University of North Carolina School of Medicine, 

Chapel Hill, N,C" and Dr, John E, Heckels (strain P9), 

Southampton University Medical School, Southampton, U,K, 

Strain P9, a serum sensitive strain, was isolated from a man 

with acute urethritis (Ward et aI" 1974), while strain 

FA1090 is a DGI, serum resistant, strain (Cannon et aI" 

1984), The strains, and their respective p, II content and 

opacity are listed in Table 2, The P.II content of the P9 

variants has been described previously by Lambden and Heckels 

(1979) and by Lambden et aI, (1979), Note that even though 

the P,II variants within the two strains are designated by 

similar nomenclature they are ~ equivalent, i,e, the P,IIa 

in FA1090 is not the same P.lla in P9-13, etc, In addition, 

the PII+ variants of strain P9 form colonies that have some 

degree of opacity, whereas some p, 11+ variants of strain 

FA1090 form transparent colonies (Lambden and Heckels 1979; 
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Lambden et al. 1979). The P. II nomenclature for the two 

strains has been previously described (King and Swanson 1978; 

R.S. Schwalbe and J.G. Cannon, Abstr. Annu. Meet. Am. Soc. 

Microbiol.1983, D18). Strain F62, was kindly provided by 

P.F. Sparling, University of North Carolina. The P. II 

content of this strain, which was very stable, has been 

discussed by others (Swanson and Barrera 1983). The P.II 

content of the particular strain used in the studies 

described here was confirmed previously by Rest and Pretzer 

1981. 

various colony types were selectively transferred on GC 

medium base (Difco Laboratories, Detroit, Michigan) with 

added supplements and incubated in a humidified incubator at 

360 C in 6% C02 in air, as described previously (Rest and 

Pretzer 1981). Variants of strain F62 were transferred daily 

(as they have been for several years) and seem to maintain a 

very stable P. II profile on SDS-PAGE. Variants of strains 

P9 and FA1090, on the other hand, were streaked from small 

aliquots of GC broth and 20% glycerol (vol/vol) kept at -700 

C and transferred for only a few passages to minimize the 

chances of a change in P.II composition. Colony types were 

identified according to the criteria of Kellogg et al. (1963 

and 1968) and Swanson (1978a and 1978b). Gonococci were 

grown either 1) in GC broth, containing supplements and 400 

~g/ml of NaHC03, to mid-log phase (Klett reading, with green 
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filter, of 90 to 110) in a rotary waterbath shaker at 36°C, 

or 2) on GC medium base and harvested 16 to 20 hours after 

transfer, as described previously (Rest and Pretzer, 1981). 

Both growth conditions yielded 1.5 x 10 8 to 3 x 10 8 colony 

forming units (CFU) per ml when the gonococci were suspended 

in GC broth to an optical density of 0.3 at 550 nm (Bausch 

and Lomb Spectronic 20 spectrophotometer; Bausch & Lomb, 

Inc., Rochester, N.Y.). Broth grown, log-phase gonococci 

yielded consistently more reproducible results in the 

phagocytic killing and chemiluminescence assays, and were 

therefore used for all of the more recent experiments with 

variants of p9 and FA1090. 

Neutrophils. Neutrophils were obtained from apparently 

healthy adult volunteers and from two unrelated males (13 and 

4 years old) with Chronic Granulomatous Disease, with 

informed consent, as approved by the University of Arizona 

Human Subjects Committee. All normal donors denied previous 

gonococcal infections. Upon phagocytic stimulation by 

Staphylococcus aureus 502A, the neutrophils from the Chronic 

Granulomatous Disease patients showed no increase in oxygen 

uptake, Nitro Blue Tetrazolium Reduction, or 

chemiluminescence. 
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Purification of neutrophils was accomplished by layering 

9 ml of heparinized whole blood over 5 ml of a Ficoll-Hypaque 

mixture (containing 6.1 ml of 75% Hypaque and 25.9 ml of 9% 

[weight/volume] Ficoll in water) and centrifuging at 200 x g 

for 30 minutes at room temperature as described by Ferrante 

and Thong, 1980. Neutrophils were recovered from a cloudy 

layer just above the large pellet containing erythrocytes and 

were washed twice in Hanks balanced salt solution containing 

0.1% (weight/volume) gelatin (HBSG) at 200 x g for 7 minutes 

at room temperature. Contaminating erythrocytes were not 

lysed. Cell suspensions contained ~ 98% viable neutrophils 

as determined by exclusion of 0.25% trypan blue. Purified 

neutrophils were suspended in Medium 199 (pH 7.4) for 

initial experiments and in HBSG for later experiments. No 

differences in phagocytosis or chemiluminescence results were 

seen with the two buffers. 

Serum. Fresh human serum was separated from whole blood 

with integrated serum separation tubes (CORVAC; Monoject, St. 

Louis, MO) according to the directions of the manufacturer 

and was stored on ice until used. When needed, serum was 

inactivated by incubation at 560 C for 30 minutes and then 

kept on ice until used. 
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Phagocytosis Assays. Phagocytic killing assays were 

performed in Falcon snap-capped polypropylene tubes (12 x 75 

rom; Becton, Dickinson & Co., Cockeysville, MD), rotating end

over-end at 12 rpm in air at 37 oC. (Rest et al. 1982). 

Phagocytosis mixtures contained 5 x 10 6 or 10 x 10 6 human 

neutrophils and either 5 x 10 6 or 10 x 10 6 colony forming 

units of gonococci, always in a 1:1 ratio, in 1 ml of medium 

199 or HBSG. Fresh or heat-inactivated autologous serum was 

added, when appropriate, to produce a final concentration of 

2.0% (volume/volume) in the 1.0 ml assay mixtures. At 

various times, 10 ~l samples were removed, appropriately 

diluted in GC broth or HBSG, and plated on GC medium base 

plates which were incubated overnight in a humidified 

incubator at 36°C in 6% C02 in air. Colony-forming units 

were counted at 18 to 36 hours. 

In some experiments, diluted samples of phagocytosis 

mixtures were sonicated before being plated to facilitate the 

release of any intracellular viable gonococci or gonococci 

attached to the neutrophil membrane. Sonication of diluted 

samples in plastic tubes in snap-capped polypropylene tubes 

(Falcon, 12 by 75 rom) in a cuphorn at power setting 3 for 15 

seconds (model W-225R sonicator; Heat Systems-Ultrasonics, 

Inc., Plainview, NY) lysed ~ 95% of the neutrophils and 
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dispersed clumped gonococci but did not affect gonococcal 

viability. 

Chemiluminescence. Initially, the method of Rosen and 

Klebanoff (1976) was used to measure chemiluminescence. 

Linear polyethylene scintillation vials (NEN-938; New England 

Nuclear Corp., Boston, MA) contained 1.0 ml of heat

inactivated (56°C, 30 minutes) fetal calf serum saturated 

with luminol (ca. 0.2 mg/ml) and the appropriate additions 

(10 6 neutrophils, gonococci, or serum) in a total volume of 5 

ml of RPMI 1640 (pH 7.4). Later chemiluminescence assays 

were done by methods described by Trush et al. (1978) in 

which a stock solution of luminol (10 mg/100 mls) in Hanks 

balanced salt solution with 0.1% gelatin was prepared. 

Appropriate volumes of the stock luminol were then added to 

assay mixtures in HBSG to produce a final luminol 

concentration of 10- 6 M. 

In both methods described vials were counted in a 

scintillation counter (model LS-230; Beckman Instruments, 

Inc., Fullerton, CAl in the in-coincidence mode, with tritium 

preset windows. Sample vials were dark adapted for 30 

minutes, and reactions were initiated by the addition of 

gonococci (and serum when appropriate). Each vial was counted 
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for 0.2 minute, and the counting cycle was repeated at room 

temperature without further mixing. 
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RESULTS 

Preliminary Investigations. In initial studies several 

different in vitro phagocytic assays were tried. A coverslip 

assay was used in which human PMN were allowed to attach to a 

carefully cleaned covers~ip, and subsequently, an overlay of 

fluid with gonococci and 2% serum was introduced. Two 

different experimental endpoints were tried: a) at 

appropriate time points coverslips were dried and stained and 

"intraphagosomal" gonococci/lOa PMN were counted, and b) at 

appropriate times covers lips were placed in 50 ml conical 

tubes, containing ten to fifteen glass beads and 20 mls of 

GCB, and vortexed until the covers lips were reduced to shards 

releasing the attached neutrophils and bacteria, which were 

then plated for viability counts. Neither of these 

approaches was entirely satisfactory for both practical and 

theoretical reasons. The assays lacked precision, with 

duplicate runs producing results that varied by as much as 

50%, and had a major uncontrolled variable - i.e., the number 

of PMN which initially adhered to the glass surface was 

highly unpredictable. 
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The tumbling-tube assay used for all phagocytic killing 

experiments described here has proven to be highly precise in 

my hands, and others (Virji and Heckels, 1986), often 

producing superimposable curves for duplicate runs done at 

widely separated times. All experiments shown were 

replicated two or three times. 

Experiments with Neisseria gonorrhoeae strain F62 

Phagocytosis. During preliminary investigations of 

phagocytosis and killing, r attempted to qualitatively 

differentiate internalized gonococci from attached gonococci. 

Smears of phagocytosis mixtures (0.20 ml, containing 1 x 10 6 

neutrophils) were made using a Shandon Cytospin cyto

centrifuge and stained with wright's stain. Microscopic 

examination revealed that phagocytized gonococci appeared to 

be within large, "loose" phagosomes, whereas apparently non

phagocytized, but attached gonococci had no visible membrane 

or space surrounding them. Cytocentrifuge preparations of 

phagocytosis mixtures containing 5 x 10 5 neutrophils and 5 x 

10 6 type 3 gonococci, (P. rr+) stopped at zero time, and of 

phagocytosis mixtures containing 5 ~g/ml cytochalasin B, or 
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incubated on ice for 60 min, showed less than 5% of the 

intraphagosomal gonococci found in 60 min controls (Table 1) 

These qualitative observations, in conjunction with results 

presented below, strongly support the idea that killing of 

gonococci by neutrophils in this system was indeed a 

consequence of phagocytosis and not extracellular events. 



Table 1 

NUMBER OF INTRAPHAGOSOMAL P.II+ 
GONOCOCCI/100 PMN AT DIFFERENT 

TIMES IN MIXTURES WITH OR WITHOUT SERUM 

+ serum - serum 

0 min 6 3 

15 min 124 163 

60 min 472 456 

60 min + OoC 4 6 

60 min + CB 5 6 

56 
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Phagocytic killing. Type 3 (P.II+) gonococci were 

killed over time by suspensions of human neutrophils in the 

presence or absence of serum (Fig. 1), whereas type 4 (P.II-) 

were killed only in the presence of serum (Fig. 2). These 

results were observed with log-phase broth-grown bacteria or 

with plate-grown cells harvested at 16 to 20 hours. 

Initially, phagocytosis mixtures were sonicated after 

dilution, before plating, (as described in Materials and 

Methods) in order to release intracellular gonococci and to 

disperse any clumps that might have formed during the 

incubations. Sonication of samples did not alter recovery of 

viable gonococci from phagocytic bactericidal assays. 

Therefore, sonication was not used in most of the assays 

described in this report. Since type 3 (P.II+), gonococci 

were killed as well by PMN in the absence of serum as they 

were when serum was present, several experiments were 

designed to see if purified PMN were somehow being 

"activated" by the purification methods, perhaps by binding 

serum constituents, such as activated complement components. 

Neutrophils purified by Ficoll/Hypaque sedimentation, or, by 

Percoll sedimentation yielded identical results when used in 

phagocytic bactericidal assays. In addition, prewarming 

neutrophils at 370 C for 30 min, followed by 2 washed in 

HBSG, did not affect their ability to kill type 3 (P.II+), 
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gonococci in the absence of serum. The maximal amount of 

fresh autologous serum that could be used without causing 

gonococcal death over the 135 min incubation period was 2.0 

to 2.5%. The presence of 2.5% heat-inactivated serum 

partially inhibited killing of type 3 (P.rr+), gonococci 

(Fig. 3). 
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FIGURE 1 . Viability of F62 type 
3 (P.rr+ , nonpiliated) gonococci in the 
presence (+) or absence (-) of purified 
human neutrophils (PMN) , with (+) or 
without (-) 2 % fresh autologous serum 
(SER) . 
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FIGURE 2. Viability of F62 type 4 
(P.II-, nonpiliated) gonococci in the 
presence of (+) or absence (- ) of 
purified human neutrophils (PMN), with 
(+) or without (-) 2% fresh autologous 
serum ( SER) . 
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FIGURE 3. Viability of F62 type 3 
(P.II+, nonpiliated) gonococci in the 
presence (+) or absence (-) of purified 
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without (-) 2% fresh autologous serum 
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Preincubation of PMN with 5 ~g/ml cytochalasin B for 30 min 

completely inhibited their ability to kill gonococci over the 

135 min incubation. In one set of phagocytosis experiments, 

using type 3, (P.II+) and type 4, (P.II-), gonococci, 5% C'7 

deficient serum was used instead of 2% normal serum to see if 

an increase in opsonin (C'3 and C'5) concentration would 

increase killing; it did not. 

Chemiluminescence (CL). Since serum appeared to have 

little effect on neutrophil phagocytosis and killing of type 

3, (P. II+) gonococci, we were interested in its effects on CL 

induced by various types of gonococci. Results paralleled 

those of the phagocytic bactericidal assays, in that fresh 

human serum (2.0 to 2.5%) had little or no effect on CL 

induced by types 1,2, or 3 gonococci (piliated, opaque; 

heavily piliated, opaque; nonpiliated, opaque; respectively), 

except at very low ratios of gonococci to neutrophils (Fig. 

4,5,6 and 7). Data for induction of CL by colony type 2 

were identical to those of type 1, and are therefore not 

shown. Increasing numbers of types 1,2 or 3 gonncocci 

induced increased rates of CL, to a maximum stimulation at 

approx 10 to 20:1, regardless of the presence of serum. At a 

ratio of 0.5:1, which was the lowest ratio tested that 

yielded consistent results, serum did increase induction of 
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CL by gonococci. In contrast to types 1, 2, or 3, induction 

of CL by type 4 (nonpiliated, transparent) was augmented at 

least 10 fold in the presence of serum, at all ratios tested 

(Figures 8 and 9). 
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FIGURE 4. Chemiluminescence 
(presented as counts per minute, CPM) by 
purified human neutrophils (PMN) induced 
by F62 type 1 (P.II+, piliated) 
gonococci in the absence of serum. 
Various ratios of gonococci (gc) to Pt1N 
were used, as indicated by the small 
numbers above and below the curves. 
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FIGURE 5. Chemiluminescence 

3 

(presented as counts per minute, CPM) by 
purified human neutrophils (PMN) induced 
by F62 type 1 (P.II+, piliated) 
gonococci in the presence of 2% fresh 
autologous serum. Various ratios of 
gonococci (gc) to PMN were used, as 
indicated by the small numbers above and 
below the curves. 

65 



:::E 
a.. 
() 

gc:PMN 

F62 TYPE 3 

WITHOUT SERUM 

I Oo __________ ~ ________ ~ __________ __ 

o I 2 
TIME (hours) 

FIGURE 6. Chemiluminescence 
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(presented as counts per minute, CPM) by 
purified human neutrophils (P~~) induced 
by F62 type 3 (P.II+, "nonpiliated) 
gonococci in the absence of serum. 
Various ratios of gonococci (gc) to P~~ 
were used, as indicated by the small 
numbers above and below the curves. 
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FIGURE 7. Chemiluminescence 
(presented as counts per minute, CPM) by 
purified human neutrophils (PMN) induced 
by F62 type 3 (P.II+, nonpiliated) 
gonococci in the presence of 2% fresh 
autologous serum. Various ratios of 
gonococci (gc) to PMN were used, as 
indicated by the small numbers above and 
below the curves. 
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FIGURE 8. Chemiluminescence 
(presented as counts per minute, CPM) 

by purified human neutrophils (PMN) 
induced by F62 type 4 (P.II-, 
nonpiliated) gonococci in the absence of 
serum. Various ratios of gonococci (gc) 
to PMN were used, as indicated. 
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FIGURE 9. Chemiluminescence 
(presented as counts per minute, CPM) by 
purified human neutrophils (PMN) induced 
by F62 type 4 (P.II-, nonpiliated) 
gonococci in the presence of 2% fresh 
autologous serum. Various ratios of 
gonococci (gc) to PMN were used, as 
indicated. 
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Serum, gonococci or neutrophils alone did not chemiluminesce 

(~ 50 CPM) over the 3 hr experimental period. Neutrophils in 

the presence of serum did occasionally show an increased 

basal level of CL over that observed for serum or neutrophils 

alone (~ 5,000 CPM over 3 hr). Heat-killed (60 0 C, 60 min) 

type 3, (P.rr+) gonococci stimulated chemiluminescence to the 

same degree as did live gonococci, in the absence or presence 

of serum (data not shown). As was seen with phagocytic 

killing, the presence of heat-inactivated serum slightly 

decreased the CL response of neutrophils toward type 3 

(P.rr+) gonococci. 

The effects on CL of the 20% heat-inactivated fetal-calf 

serum present in our system was also investigated. rn some 

experiments, luminol was dissolved in dimethyl sulfoxide, 

instead of fetal-calf serum, at 1 x 10-2M and was added to 

the CL reaction mixtures for a final concentration of 1 x 10-

6 M. The CL responses observed in this system with type 3, 

(P.rr+) or type 4, (P.rr-) gonococci in the absence or 

presence of 2% fresh autologous human serum, were identical 

to those reported above for the system containing fetal calf 

serum. All subsequent CL assays utilized 1 x 10- 6 M luminol 

dissolved in dimethyl sulfoxide. 

Phagocytic Killing and CL with CGD Neutrophils. To 

investigate the contribution of non-oxidative and oxidative 

bactericidal mechanisms to the intracellular killing of the 
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gonococcus, phagocytosis experiments were performed with 

neutrophils obtained from two unrelated male children with 

CGD. In the presence or absence of serum, killing of type 3, 

(P.II+) (Fig. 10) or type 4, (P.II-), (data not shown) 

gonococci was almost identical for both normal and CGD 

neutrophils, i.e., serum was not needed for killing of type 

3, (P. 11+), whereas, as was described above, CGD neutrophils 

failed to kill Staphylococcus aureus strain 502A. 

Types 3, (PII+) or 4, (P.II-), gonococci induced no CL 

(~ 100 CPM) by CGD neutrophils in the absence or presence of 

serum, at a ratio of gonococci to neutrophils of 10:1 over a 

3 hr period. In experiments run at the same time, gonococci 

did induce the expected CL response in control vials 

containing normal neutrophils. 

Assays with P.II variants of strain FA1090 and strain P9 

Phagocytic killing. Most P.II+ variants of DGI strain 

FA1090 (Fig. 11) and UGI strain P9 (Fig. 12) were killed by 

neutrophils in the absence of serum. The possession of more 

than one P.II, as in variant p9-11 (containing P.lla and d) 

and FA1090 containing P.llc and e, did not lead to increased 

killing above those strains that expressed only one P.II, 

such as variant P9-6 (containing P.II) or the FA1090 variant 

containing P.llb. 
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FIGURE 10 . Phagocytic killing 
(expressed as % VIABLE) of F62 type 3 
(P . II+ , nonpiliated) gonococci, in the 
presence of 2% fresh serum, by human 
neutrophils (PMN) isolated from normal 
and chronic granulomatous disease (CGD) 
donors . 
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FIGURE 11. Phagocytic killing of 
non - piliated strain FA1090 gonococci 
[variants with no P. II (P . II-), or with 
indicated combination of P. II a , b, c, 
d , e , or f] by human neutrophils in the 
absence of serum . Shaded areas 
represent the range of viability for all 
the variants incubated in the absence of 
neutrophils . 
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FIGURE 12. Phagocytic killing of 
non -piliated strain P 9 gonococci 
(variants with differences in P. II , 
designated variant 1,6,9,11,13,39, or 
40) by human neutrophils in the absence 
of serum. Shaded areas represent the 
range of viability for all the variants 
incubated in the absence of neutrophils. 
Refer to Table 2 for more information on 
the P. II variants. 
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Not all P.II+ variants were killed by neutrophils, 

including P9-39, P9-9, FA1090 P.IIa and FA1090 P.IId; 

75 

neither of the P.II- variants were killed. In experiments 

where no killing occured, for instance when P.II- variants 

were used, there were often increases in the CFU above zero

time control values. Interestingly, variant P9-9, which 

contains both P.IIa and P.IIe, was not killed by the 

neutrophils; strain P9-13, containing only P.IIa, was killed, 

whereas strain P9-39, containing only P.Ile, was not. Thus, 

for strain P9-9, the possession of the non-stimulatory P.lle 

appeared to be dominant over the possession of the 

stimulatory P.Ila, in interactions with neutrophils. 

The fact that most P.II+ variants were readily killed, 

and that P.II- variants were not, presented a unique 

opportunity to investigate whether extracellular killing was 

occuring during phagocytosis. Equal numbers of variant P9-6 

(P.II+), opaque, and P9-1 (P.II-), transparent, were 

incubated with neutrophils in the phagocytic killing assay, 

and viability was assessed over time. When counting CFU the 

following day, colony morphology (colony type) was carefully 

recorded. It was possible, therefore, to differentiate 

between killing of the P.II+ and P.II- variants, since the 

P.II+ variant (P9-6) forms opaque colonies, and the P.II

variant (P9-1) forms transparent ones. Only the P.II+ 

variant (P9-6) was significantly phagocytized and killed in 
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these experiments (Fig. 13). The presence of the P.II

strain (P9-1) neither inhibited nor augmented killing of the 

opaque strain. This supported the earlier observations that 

phagocytosis is needed for killing, and that killing of 

extracellular gonococci does not occur, even during active 

phagocytosis. 
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FIGURE 13. Phagocytic killing of 
non - piliated variants P 9-1 (P . II-, 
transparent) and P 9-6 (P. II+, opaque) 
by human neutrophi ls in the absence of 
serum . Equal numbers of colony forming 
units of P. II- and P. II+ gonococci 
were mixed together before PMN were 
added to the assay. Solid lines 
represent gonococcal viability in the 
presence of neutrophils, whereas dashed 
lines represent gonococcal viability i n 
the absence of neutrophils. 
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Chemiluminescence. The ability of the P.II variants to 

stimulate CL by neutrophils paralleled their ability to 

induce phagocytosis. P.II+ variants which had stimulated 

phagocytic killing, also stimulated CL (Figures 14 and 15) 

P.II- variants, on the other hand, did not induce neutrophils 

to produce CL ( above background) during the first 30 to 60 

min of incubation, and only minimal CL occurred during the 

next 60 min (Figures 14 and 15). As might be expected from 

the phagocytosis experiments, strain FAI090 variants 

containing P.lla or P.lld, variant P9-39 containing P.lle, 

and variant P9-9, containing P.lla and P.lle, were very weak 

inducers of CL. Results of phagocytic killing and 

chemiluminescence assays with P.II variants of strain FAI090 

and strain P9 are summarized in Table 2. 

To investigate the relative roles of pili and P.II in 

the stimulation of CL by PMN, one set of experiments was done 

with heavily piliated (type 2) opacity variants of strain 

F62. The opaque variant contained two opacity-associated 

P.II while the transparent variant lacked P.II (see Rest et 

al., 1982). The results were very similar to those presented 

above for non-piliated variants. Transparent type 2 

organisms were only minimally stimulatory, whereas opaque 

type 2 organisms were highly stimulatory (Fig. 16). Thus, 
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the effects of stimulatory P.II were not masked by pili in 

this strain, and pili alone were only weakly stimulatory. 
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FIGURE 14. Neutrophil 
chemiluminescence (CL) induced by 
incubation with strain FA1090 gonococci 
[variants with no P.11 (P. 11-) or with 
indicated combination of P. IIa, b, c, 
d, e, or fJ in the absence of serum. 
The area below the dashed line 
represents "background" CL produced by 
neutrophils in the absence of gonococci. 
Gonococci by themselves did not produce 
CL. 
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FIGURE 15. Neutrophil 
chemiluminescence (CL) induced by 
incubation with strain P 9 gonococci 
(variants with differences in P. II, 
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Strain 

FA1090b 
FA1090 
FA1090 
FA1090 
FA1090 
FA1090 
FA1090 

P9-1d 
P9-6 
P9-9 
P9-11 
P9-13 
P9-40 
P9-39 

a 

TABLE 2 

SUMlvfARY OFPMN RESPONSES INDUCED 
BY SPECIFIC P.I1 VARIANTS OF 

GONOCOCCAL STRAINS FAI090 AND P9 

P.II type 

none (P.lr) 
a 
b 
c,e 
b,d 
e 
b,d,f 

none (P.lr) 
P. II 
a and e 
a and d 
a 
d 
e 

P.II. M.W. 
kdaltons 

_ c 

30.5 
32.0 
32.75, 33.25 
32.0, 32.5 
33.25 

Induced CL and 
Phagocytized 

no 
no 
yes 
yes 
no 
yes 

32.0,32.5,34.0 yes 

_ e 
no 

29.0 yes 
28.5, 27.8 no 
28.5, 28.85 yes 
28.0 yes 
28.85 yes 
27.8 no 

transparent; +, medium o~acity; ++, very opaque 

b Gift of Dr. Janne Cannon 
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Opacitya 

++ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

c Apparent molecular weights determined by mobility on SDS
PAGE as described in Methods 

d Gift of Dr. John E. Heckels 

e Molecular weights taken from Lambden and Heckels (1979) 
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FIGURE 16. Neutrophil 
chemiluminescence (CL) induced by 
incubation with opaque (P. 11+) or 
transparent (P. 11-) type 2, piliated, 
F62 gonococci in the absence of serum. 
The area below the dashed line 
represents "background" CL produced by 
neutrophils in the absence of gonococci. 



84 

DISCUSSION 

The disease gonorrhea has plagued mankind at least as 

long as written records have been kept (Black and Sparling, 

1985). N. gonorrhoeae is still an important cause of suffering, 

infertility, and occasional mortality despite the fact that 

treatment with antibiotic is relatively easy and highly 

effective, even with the recent increase in penicillin

resistant isolates (Jephcott, 1986). That gonorrhea remains 

such a problem is probably partly due to a reservoir of 

asymptomatic carriers within the community who normally don't 

seek treatment and continue usual sexual practices 

(Handsfield, 1983; Kavli et al., 1984). Asymptomatic 

carriers do not have the purulent discharge characteristic of 

gonococcal urethritis and cervicitis in which the neutrophil 

is such a prominent element. Since IgM is present in only 

trace amounts on genital mucosa (Schumacher, 1973), and this 

is the "naturally occuring" antibody against gonococci (Rice 

and Kasper, 1982); it is not unreasonable to assume that non-
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opsonic chemotaxis and non-opsonic phagocytosis by PMN may 

play important roles in initiating the inflammatory response 

and symptomatology seen with gonorrhea. Two groups have 

demonstrated that cell-free filtrates of gonococcal cultures 

alone are able to induce chemotaxis by human PMN (James and 

Williams, 1978; Rank and Holmes, 1984). Non-opsonic 

phagocytic killing may be important in eventually clearing 

gonococcal infection since the role of specific humoral 

immunity is limited by the ability of the gonococcus to 

constantly vary its antigenic facade (Zak et al., 1984). In 

this context, the ability of the gonococcal P.II proteins to 

mediate interactions with neutrophils could be an important 

determinant in the course of gonococcal infection. 

After my initial observation that P.II+ opaque, 

nonpiliated gonococci of strain F62 are readily killed by PMN 

without opsonin, but P.II- transparent, nonpiliated F62 are 

not (Fig. 1, 2 and 3), I wondered if this was only an 

idiosyncratic reaction with a single gonococcal strain which 

had undergone a random mutation. The experiments with strain 

P9 and strain FA1090 demonstrate that certan P.lls found in 

three different gonococcal strains stimulate neutrophil 

phagocytic killing and oxidative metabolism in a highly 

efficient manner, suggesting that the phenomenon is 

widespread in gonococci. 
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The presence of pili, probably necessary for significant 

virulence in vivo (Kellogg et al., 1963 and 1968), does not 

block or alter the ability of P.II+ F62 gonococci to 

stimulate PMN (Figures 4 and 16). Recently, Virji and 

Heckels (1986) have published similar results obtained with 

piliated gonococcal variants of strain P9. 

Stimulatory P.lls are expressed not only by UGI strains, 

such as F62 and P9, but also by the DGI strain FA1090 

(Figures 11 and 14). Therefore, the variations in P.I and 

lipopolysaccharide which enable DGI strains to be serum

resistant do not affect the ability of certain P.lls to 

stimulate human neutrophils. Unlike the earlier reports by 

Swanson and co-workers with a "leukocyte association factor" 

(Swanson and Zeligs, 1974; Swanson et al., 1974; Swanson et 

al., 1975a and 1975b), the studies presented here demonstrate 

that: a) gonococcal strains may express several specific 

P.lls which not only mediate association with PMN (Table 1), 

but also stimulate oxidative metabolism and phagocytic 

killing, and b) some of these stimulatory P.lls are "opacity

associated proteins". 

While the evidence to date suggests that all strains of 

N. gonorrhoeae have the capacity to express P.lls which 

stimulate human neutrophils, not all P.lls are stimulatory 

(Table 2) . Both the DGI strain FA1090 and the UGI strain P9 

express certain P.lls which do not stimulate neutrophil 
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phagocytosis or oxidative metabolism. This is consistent 

with the concept that a specific receptor-ligand interaction 

is occurring between the neutrophil surface and the 

gonococcal P.II. Recently, two groups have suggested that 

binding of gonococci to PMN is mediated by specific 

carbohydrate structures (Kinane et al., 1984; Rest et al., 

1985). Both groups demonstrated a dose-dependent reduction 

in gonococcal-neutrophil interactions with P.II+ bacteria by 

D-glucosamine and N-acetyl-beta-D-glucosamine. Kinane et al. 

(1984) also found a reduction in gonococcal attachment with 

D-galactose, but Rest et al. (1985) saw no alteration in 

gonococcal stimulated PMN chemiluminescence with this sugar. 

Kinane et al. (1984) suggest the existence of lectin-like 

receptors on the phagocyte surface, while Rest et al. (1985) 

places the lectin-like component on the gonococcus and the 

carbohydrate moiety on the PMN since pretreatment of PMN with 

alpha-mannosidase reduces subsequent chemiluminescence by 99% 

but no effect is observed with pretreatment of the 

gonococcus. The interpretation by Rest et al. is in keeping 

with the assertion of Blake and Gotschlich (1984) that P.lls 

lack carbohydrate. Rest et al. (1985) was also able to show 

that a monoclonal antibody directed against P.llb of strain 

FA1090 inhibits gonococcal induced PMN chemiluminescence by 

that P.II variant in a dose-dependent manner. 
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In 1976, Baggiolini et al. presented results suggesting 

that ricin and concanavalin A binding sites on the surface of 

polymorphonuclear leukocytes are not involved in particle 

recognition and uptake. Other groups, however, have 

presented evidence for lectin-like receptors on eukaryotic 

cells or bacteria. Scherberich et al. (1977) propose that 

human kidney brush-border membranes have sites equivalent to 

concanavalin A and wheat-germ agglutinin receptors to which 

Escherichia coli 0 and K antigens bind, respectively. Bar-Shavit 

et al. (1980) presented evidence that mannose-binding 

activity of E.coli determines the recognition of the organisms 

by mouse peritoneal macrophages. 

Other groups have demonstrated that non-opsonic 

phagocytosis of bacteria occurs with human PMN and alveolar 

macrophages in monolayer systems (Silverblatt et al., 1979; 

Lee et al., 1983 and 1984; Speert et al., 1985). None of 

these studies also demonstrated non-opsonic phagocytosis in 

suspension, 'or showed equivalent levels of phagocytic killing 

with or without opsonin as is found with stimulatory 

gonococcal P.Ils. It may well be that "surface phagocytosis" 

seen with monolayer systems is qualitatively different from 

phagocytosis occurring in suspension since phagocytes on a 

surface can "trap" bacteria against another cell and engulf 

them in that manner. Lee et al. (1984) propose that surface 

phagocytosis is nonspecific - i.e. neither opsonins nor cell 
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wall ligands are necessary for ingestion. Lee and co-workers 

conclude that surface phagocytosis is probably governed by 

electrostatic forces and interfacial tension as was proposed 

by Fenn in 1922. As discussed earlier, neither Lambden et 

al. (1979) or Magnusson et al. (1980) found significant 

differences in charge or hydrophobicity between P.II+ and 

P.II- gonococcal variants. Therefore, there is no evidence 

to suggest that these forces play the determinant role in the 

dramatically different responses elicited from human PMN by 

gonococci bearing "stimulatory" P.lls and gonococci lacking 

these proteins. 

The evidence to date, then, suggests that P.lls 

specifically mediate interactions with human neutrophils. 

Whether binding of P.II to the phagocyte surface is both 

necessary and sufficient to initiate phagocytic killing and 

the oxidative burst has not been proved. Young et al. (1983) 

showed that gonococcal protein I is able to transfer to 

artifical membranes where it functions as a porin that is 

cation selective. Blake and Gotschlich (1983) also showed 

that P.I will transfer from gonococci to red blood cell 

membranes. Blake and Gotschlich have proposed that a calcium 

ion flux following insertion of gonococcal P.ls into host 

epithelial cell membranes may be the triggering event for the 

obseved internalization of gonococci by the epithelial cells. 

It is conceivable that similar events may be involved in 
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P.lI-mediated stimulation of PMN. In this model P.II would 

provide a "necessary" specific attachment but P.I would 

provide the subsequent actuation of phagocytosis by allowing 

a localized calcium influx and membrane depolarization. 

Activation of a neutrophil surface receptor would not be 

required by this scheme. While it is known that compounds 

such as phorbol myristate acetate (PMA) can induce an 

oxidative metabolic burst in PMN following a membrane 

depolarization, neutrophil activation and phagocytosis also 

occur without calcium influx or depolarization (Lew et al., 

1985; Seeds et al., 1985; Wright 1985). It is interesting 

that Wiseman and Martin (1986) have shown decreases in PMN 

membrane chloride ion flux and sodium-potassium-ATPase 

activity with the attachment of P.II+ but not P.II

gonococci. This suggests that P.II alone can elicit membrane 

changes in the host cell. Whether or not gonococcal P.I 

plays a role in non-opsonic activation of human PMN will 

require further investigations. 

Since the ability of chronic gramulomatous disease 

neutrophils to kill gonococci as efficiently as normal PMN 

was demonstrated and reported (Figure 10; Rest et al., 1982), 

a number of other investigators have published studies 

demonstrating the significant non-oxidative bactericidal 

capacity of intact human neutrophils (Weiss et al., 1982 and 

1985; Segal et al., 1982; Vel et al., 1984; and Casey et al., 
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1986). In general, all groups have reported efficient 

intracellular killing of gram-negative bacteria and catalase 

negative gram-positive bacteria without oxygen present. Vel 

et al. (1984), however, found that the gram-negative Bacteroides 

vulgarus is relatively resistant to neutrophil phagocytic 

killing under anaerobic conditions. Both S. aureus and S. 

epidermidis were resistant to non-oxidative killing; 29% killing 

anaerobically versus 76% killing in the presence of oxygen 

was reported for S. epidermidis by Weiss et al. (1982). 

Extracellular killing of all bacteria seems to be highly 

dependent on oxidative metabolites (Weiss et al., 1985). The 

ability of normal human neutrophils to efficiently kill N. 

gonorrhoeae by non-oxidative means may be important since two 

groups have recently demonstrated that gonococci can grow 

under oxygen tensions sufficiently low to support strict 

anaerobic organisms (Kellogg et al., 1983; Clark et al., 

1987) . 

Smith and co-workers (Smith, 1968; Veale et al., 1976 and 

1980; Parsons et al., 1981) and recently, Casey et ale (1986) 

have suggested that gonococci are somewhat resistant to 

phagocytic killing, and that intracellular survival within 

phagocytes is an important virulence factor for gonococci. 

Casey et ale (1986) report 2.6% gonococcal survival within 

neutrophils at 165 minutes. This level of survival is no 

different than rates seen with a variety of bacteria in 
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in vitro killing assays (Weiss et al., 1982 and 1985; Vel et 

al., 1984), and it may be that a fixed population of PMN can 

never completely sterilize a bacterial suspension in a test 

tube. Watt (1970), and Gibbs and Roberts (1975) found no 

evidence that gonococci resist intracellular digestion. 

Few differences have been found between closely related 

commensal Neisseria species and N.gonorrhoeae (Kingsbury, 1967). 

Cannon et al. (1984) found that N. gonorrhoeae and N. meningitidis 

apparently possess a heat - modifiable outer membrane 

protein, not P. II, which nonpathogenic Neisseria lack. Others 

(Cooper et al., 1984) have shown that only the pathogenic 

Neisseria produce IgA 1 protease. Most features of gonococci 

are shared by commensal Neisseria including the production of 

pili and the ability to utilize iron bound to human 

lactoferrin (Wistreich and Baker, 1971; Mickelsen et al., 

1982) . 

One of the major characteristics differentiating N. 

gonorrhoeae from nonpathogenic species of Neisseria is 

invasiveness. Gonococci enter host epithelial cells to 

invade submucosal layers, cause tissue destruction, and 

provoke an inflammatory response while commensual Neisseria 

species do not (Ward and Watt, 1975). The gonococcus is able 

to penetrate host epithelium despite the fact that it is 

nonmotile and does not elaborate enzymes to erode the 
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epithelial surface (Morse, 1979). The process by which the 

bacteria pass the epithelial barrier has been examined 

microscopically by Ward and co-workers (Ward and Watt, 1975; 

Ward et al., 1975), and more recently by McGee (McGee et al., 

1976, 1978, 1981 and 1982; McGee and Horn, 1979; McGee and 

Stephens, 1984), utilizing organ cultures of human fallopian 

tubes. Gonococci are first seen attaching to microvilli of 

mucus-secreting cells, and are then taken up into vacuoles 

within the cells. The vacuoles are gradually transported to 

the base of the cell and viable gonococci are disgorged into 

the submucosa. This process is inhibited by Cytochalasin B, 

(a disrupter of microfilaments), as is phagocytosis by 

neutrophils and macrophages (Zigmond and Hirsch, 1972). The 

mechanism by which gonococci induce host cells to actively 

engulf them is unknown at present, but it is possible that 

gonococcal outer membrane protein II, which seems to act as a 

mediator of the neutrophil-gonococcal interactions described 

here, also influences gonococcal-epithelial cell 

interactions. It is interesting to speculate that N. gonorrhoeae 

evolved certain P.lls with "lectin-like" activity for human 

cell membrane receptors shared by epithelial cells and 

phagocytes. Stimulating epithelial receptors leads to 

engulfment, a favorable end, in that the bacteria are in an 

enriched, protected environment, while stimulation of 

phagocytic receptors is undesirable since phagocytic killing 
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results. But, by always presenting a mixed population of 

P.II variants to the host, the gonococcus is able to supply 

variants most suitable for survival under different host 

conditions - e.g. whether or not inflammatory cells are 

present. Such a model assumes that the same receptor for 

engulfment exists on human epithelial cells and human 

neutrophils. In 1983, Mezzatesta and Rest showed that in the 

absence of serum F62 P.II+ gonococci are phagocytically 

killed by human monocytes while P.II- gonococci are not. 

Recently, Baricordi et al. (1985) have demonstrated the 

presence of a common glycoprotein antigen on a human 

transitional-cell bladder carcinoma cell line and human 

neutrophils. Bessen and Gotschlich (1986 and 1987), however, 

have found no evidence that host carbohydrate structures are 

involved in binding of purified gonococcal P.II to HeLa 

cells. It would seem that both of these latter studies 

suffer from the weakness of trying to derive information 

about normal cells from clearly abnormal ones. A more 

suitable way to study interactions of gonococcal P.II 

variants with appropriate host epithelium is to use normal 

endocervical tissue or fallopian tube sections. Such studies 

with specific P.II variants remain to be done. 
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