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carious lestons, and identified as S. mutans® ® were tested
for hyaluronidase activity. These 8 strains were also
negative for hyaluronidase activity.

An attempt was made to induce hyaluronidase activity
by growing each of the reference cultures 3 times in brain
heart infusion broth supplemented with 0.01%, hyaluronic
acid. The cultures remained negative for hyaluronidase
activity, reducing the possibility that enzyme activity
was lost through subculturing.

It may be concluded that S. muians and the other
cariogenic streptococci studied do not produce hyalu-
ronidase under the conditions of this investigation?.

Zusammenfassung. Dreizehn Stdmme Strepiococcus
mutans und 5 kariogene Streptokokken-Stdmme wurden
auf ihre Hyaluronidase-Aktivitit untersucht. Alle 18
Stamme zeigten negative Hyaluronidase-Aktivitit. Acht
weitere Stdmme von Streptococcus mufans wurden zu-
sitzlich von karigsem Dentin isoliert und untersucht.
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Auch hier koénnte keine Hyaluronidase-Aktivitit nach-
gewiesen werden. Hyaluronidase-Aktivitit konnte nicht
induziert werden und es wurde gefolgert, dass S#epio-
coccus mutans und andere kariogene Streptokokken keine
Hyaluronidase erzeugen.
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Flagellar Hairs on Zoospores of Phytophthora Species: Tip Hairs on the Whiplash Flagellum

The lateral hairs on the tinsel flagellum of the zoospores
of Phytophthova species were observed by electron micro-
scopy some time ago'-%. Recently lateral hairs were
reported on the whiplash flagellum of P. erythvoseptica
Pethybridge, P. palmivora (Butl.) Butl.,, and P. parasitica
Dastur*-%. However, no reports of tip or terminal hairs on
the whiplash flagellum of Phytophthora zoospores have
been made. We report here the presence of tip hairs on the
whiplash flagellum in 4 species of this genus, and lateral
hairs on the whiplash flagellum of two species not pre-
viously reported to have them.

P. cimmamomi and P. megasperma var. sojae were grown
in axenic cultures?; P. palmivova was grown on V-8 juice
agar and P. parasitica on sterile alfalfa stem segments.
Cultures with numerous zoosporangia were flooded with
glass distilled water, and all except P. parasitica were
chilled before allowing them to stand for 20-30 min to
induce zoospore swarming. The swarming zoospores were
concentrated, fixed, washed and prepared for electron
microscopy as previously described?. The specimens were
examined in either an RCA EMU-3B or Hitachi HU-12
electron microscope both with 50 pm objective apertures.

a) Portion of whiplash flagellum of P. megasperma var. sojae unidirectionally shadow cast with palladium showing both lateral and tip
hairs. b) Portion of whiplash flagellum of P. parasifica rotary shadow cast with platinum-palladium alloy showing both lateral and tip
hairs. ¢) Rotary shadow cast tip of P. megasperma var. sojae flagellum with several hairs. d) Unidirectionally shadow cast tip of P. megasperma
var. sojae flagellum showing detached tip hairs. All bars represent 1 pm.
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Tip hairs occurred on the whiplash flagellum of the
zoospores of P. cimnamomi Rands, P. megaspeyma var.
sojae Hildebrand, P. palmivora and P. parasitica (Figure
1, a—d). The length of the hairs varies from 460 to 500 nm
on different species. The width as measured on shadow
cast specimens is 11-12 nm. The tip hairs were not found
on the wiplash flagellum of every zoospore observed as
they are apparently quite fragile and probably break off
during specimen preparation. Figure 1d, which shows
1 attached hair and 2 detached hairs, suggests that they
are fragile and easily lost. Since the number of tip hairs
varied within single species, this may be a further
indication of their fragility. For example, many flagella of
P. megasperma var. sojae had 7 or 8 tip hairs (Figure 1c)
while others had only 1 or 2 (Figure 1a).

Lateral hairs were consistently found on the whiplash
flagella of the zoospores of P. cimnamomi and P. mega-
sperma var. sojae. The length and width of these hairs, as
measured on shadow cast preparations, were about the
same as those reported for P. palmivora®, i.e. ca. 500 nm
long and 15 nm wide. Lateral hairs were also observed on
the whiplash flagellum of P. parasitica (Figure 1b); the
latter confirms the finding of REICHLE® in his studies of
negatively stained flagella of this species. These findings
bring the total number of Phytophthova species with
lateral hairs on the whiplash flagellum to 5, which sug-
gests that their presence is a common phenomenon rather
than an unusual one as previously suggested?® ®.

Although the presence of flagellar hairs (mastigonemes)
is sometimes difficult to demonstrate because of their
fragility, every effort should be made to carefully prepare
specimens for electron microscopy before concluding that
they are not present. Certainly all types of flagellar hairs
are useful in taxonomic studies1% 1.

ManTON, in discussing flagellar structure, has recom-
mended that the term ‘acronematic’ not be used to
describe the terminal structure of flagella since such a
term suggests a terminal hair similar to lateral hairs on
certain flagella. Perhaps the term could be validly used
here to describe the tip hairs on Phytfophthora whiplash
flagella since they are indeed similar to the lateral hairs.
Nevertheless for the sake of clarity we have simply desi-
gnated them as tip or terminal hairs.

It has been stated that the lateral hairs on the tinsel
flagellum of P. infestans arise from the ‘axis’ (presumably
the fibrils) of the flagellum3:8. However, this has not as
yet been demonstrated in ultrathin sections of flagellas.
Nothing is known about the point of origin of the hairs
on the whiplash flagellum. With respect to the tip hairs
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described in this report, one might at first wonder if they
are extensions of the central fibrils of the flagellum.
However, their width (11-12 nm) is less than the diameter
of the whole fibril {30-36 nm) and greater than that of the
filaments (4—5 nm) described by GrRiMsTONE 2and Ringo13
as forming the walls of the fibrils. This difference in dia-
meters would seem to suggest that the tip hairs are not
extensions of the flagellar fibrils14.

Résumé. Des mastigonémes de 460—500 nm de longueur
et 11-12 nm de largeur existent a l'extrémité du flagelle
«whiplash» des zoospores des Phytophthora cinnamomsi,
P. megasperma var. sojae, P. palmivora et P. parasitica.
Des mastigonémes latéranx existent aussi sur le flagelle
«whiplash» des 4 espéces. C'est la premiére mention de
mastigonémes latéraux sur le flagelle «whiplashy de
P. cinnamomi et de P. megasperma var. sojae.
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COGITATIONES

Divalent Metal Ion Buffers with Low pH-Sensitivity

Intvoduction. Reaction rate and stability of numerous
enzymes are dependent on the presence of certain,
mostly divalent metal ions1-%. Moreover, metal ions often
play an important role in regulation of enzyme synthesis
and activity in vivo?®. It is, however, generally difficult to
achieve, and exactly to reproduce, constant levels of free
metal ion concentrations of less than about 10 p}M in a
test medium. Impurities in the reagents often result in an
uncontrolled level of divalent metal ions. Metal ions may
be chelated by various components of a medium, such as
buffer compounds (e.g. histidine), SH-compounds (e.g.
cysteine, glutathione), substrates (e.g. ATP) and particul-
arly proteinsé®.

8

The use of metal ion buffers, especially Ca*t-ion buffers,
to circumvent these difficulties was proposed by many
authors (e.g. Refs.” and 8). It has been recognized?-1°,
however, that the application of metal ion buffers poses
some other problems, since most of the chelating agents
of the polyaminocarboxylate type show considerable
protonation.

Addition of a second divalent metal ion, which com-
petes with protons and the primary metal ion Me3t, may
lessen this pH-dependence. The application of this type
of buffer provides an advantage for all investigations
which require a constant level of the primary ion over a
wide pH- range, e.g. for kinetic studies on the pH-



