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Fig. 7 Comparison by TEM and LM of the percentage
of sperm with attached gonococci from TI or T4 colony
types. Attachment by bacteria treated with iron, or
trypsin, before incubation with sperm is contrasted with
attachment by untreated gonococci (control).
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treatment with trypsin and incubation with sperm,
pilated organisms showed a significant (P = <0-005)
decrease in attachment of 18%, but non-pilated
bacteria after the same treatment with trypsin
showed a decrease of only 0-6% in attachment
(p =<0-40).

EFFECT OF IRON

Iron treatment of T1 gonococci enhanced attachment
to sperm by only 4% (P=<0-20). No increase in
pilation was observed. Pili of type b, as well as of
type a, were still observed (Fig. 9). In contrast, T4
gonococci pretreated with iron salts attached to 15%
more sperm than did the control, a significant
difference (P = <0-0005). The increase in attachment,
however, was not mediated by pili because no pili
were visible when specimens of sperm and T4
gonococci treated with iron were observed (Fig. 10).

Discussion

The interaction of gonococci with sperm was
examined by three types of microscopy. Each type
gave a different dimension to studies of attachment.
Specimens dried on glass-slide fragments by the

Fig. 8 TEM micrograph of
pilated N. gonorrhoeae after
treatment with trypsin showing
partial depilation. The
background shows large numbers
of pili (P) separated from cells.
(X 28 500 magnification).
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Fig. 10 TEM micrograph of non-pilated N. gonorrhoeae
treated with iron, incubated with sperm (St), and then
negatively stained with UA. Only direct contact (arrows)
was observed. (X 34 300 magnification).

critical-point drying procedure gave the best results
for SEM. This type of microscopy is important for
observations of the tridimensional structure of both
prokaryotic and eukaryotic cells. TEM was useful in

Fig. 9 TEM micrograph of pilated (type b,
P-b) N. gonorrhoeae treated with iron,
incubated with sperm (St), and positively
stained with UA. (X 36 600 magnification).

documenting adherence of pilated and non-pilated
gonococci to sperm. Light microscopy confirmed the
results of James-Holmquest et al. (1974) and James
et al. (1976).

TEM was used in most of the work because the
resolving power is greater (0-4-0-8 nm) than SEM
(10-0-12-0 nm). The difference in resolution allowed
us to observe the ultrastructure of pili and the
interaction of gonococci, with or without pili, with
sperm. For TEM, several techniques were
investigated. The best results were obtained with
specimens in Alsever’s solution, fixed with osmium
vapours, and either negatively or positively stained
with uranyl acetate. The application of the
pseudoreplicative technique provided a more
consistent preparation and minimised interference
from the background. Breakage of the coated grid
around the bacterial periphery was avoided in most
grids by this method. In addition, positively stained
pili were well defined. The measurements of pilar
diameter in both positively and negatively stained
preparations closely agreed.

The diameter of pili varied little from 4:5-5-5 nm.
The results agreed with the observations of Jephcott
et al. (1971), Novotny et al. (1975), and McGee et al.
(1976). Results obtained by Swanson et al. (1971)
(8:0—10-0 um) were not comparable, possibly owing
to different methods of calibration.

Both straight pili of type a and bent pili of type b
were seen (Novotny et al., 1975). These types were
observed in different experiments and by the
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different techniques (Figs 1, 2, and 6). In contrast to
the findings of Novotny et al. (1975), type a pili did
not appear to be part of the cell wall.

Pili of type c that have a knob at the end (Novotny
et al., 1975) were not included in our classification
because, although some of our preparations showed
similar spherical structures, these rarely occurred at
the end of a pilus. Isolated blebs and possible
membranous extensions of different sizes and shapes
were seen in many micrographs (Figs 2, 4a, and 10).
Other investigators have described similar structures
Grimble and Armitage, 1974; DeVoe and Gilchrist,
1975; McGee et al., 1976), and lipopolysaccharides
were isolated from comparable blebs (Novotny et al.,
1975). These blebs and membrane extensions were
present on the external surface of the cell wall and
occasionally wrapped around the cell (Fig. 10).

Each gonococcus from colony type 1 that
possessed pili had an average of 10. We do not know
why some lacked pili, although treatment of the
specimen for electron microscopy could have
removed appendages. The number of pilated
gonococci (71%) was greater than the number
without.

Removal of pili from gonococci by trypsin reduced
attachment to sperm to the level expected for non-
pilated bacteria (Punsalang and Sawyer, 1973; James
et al., 1976). Ninety per cent of T1 bacteria treated
with trypsin attached directly to sperm rather than
through the usual mediation by pili. These findings
supported the hypothesis that pili play a part in the
adherence of gonococci to eukaryotic cells (Swanson,
1973). The important role of pili in attachment is
emphasised by the work of James-Holmquest et al.
(1974) in contrast to the conclusion of Novotny et al.
(1977).

Attachment of gonococci to sperm appears to
involve other factors besides pili. Treatment of
avirulent, T4 gonococci with iron salts significantly
increased attachment to sperm. In contrast, similar
treatment of T1 bacteria had little effect on
attachment. We speculate that, if iron is mostly
concentrated in the cell membrane (Bartsch, 1968;
Lankford, 1973), the polarity of the membrane
surface may be changed thereby enhancing
adherence (Heckels et al., 1976). Also, changes in the
configuration of the cell membrane might make
receptor sites more available for adherence by non-
pilated gonococci. Of interest for these speculations
is the recent report that iron salts increased the killing
power of avirulent T3 and T4 gonococci after
intravenous inoculation into chicken embryos but
had little or no effect on the virulence of T1 and T2
gonococci (Payne and Finkelstein, 1975).

The attachment of pilated gonococci to sperm in
vivo could affect the fertility of the host as well as
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provide bacteria with transportation through the
female urogenital tract (Howard, 1971; James-
Holmquest et al., 1974). Isolation of T-mycoplasma
in men with infertile marriages was correlated with a
decrease in sperm motility (Fowlkes et al., 1975b).
Our observations of coiled sperm tails that appeared
to be wound up by pilated gonococci (Fig. 6) were
reminiscent of the reported association of
T-mycoplasma with coiled sperm tails (Fowlkes et
al., 1975a). A high incidence of gonorrhoea has been
associated with low fertility (Arya et al., 1973). Thus,
one effect of gonococcal disease could be direct
interference with sperm motility by entanglement of
sperm tails by the bacteria.

This work was supported in part by Public Health
Service Grant Al 12618 from the National Institute
of Allergy and Infectious Diseases and by NASA
Contract NAS 9 13139. We acknowledge the
excellent technical assistance of Joe Dardano in
preparation of scanning electron micrographs.
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