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BIOTYPE AND LIOR'S SEROGROUP OF CAMPYLOBACTER JEJUNI AND
CAMPYLOBACTER COLI ISOLATED IN SAO PAULO, BRAZIL

" Chifumi Takeuchi Calzada
Leda Kano Nakahara
Elena Kano
Kinue Irino

SUMMARY

Lior's schemes were used for biotyping and serogrouping enteric Campylobacter
strains isolated during seven year period in S#o Paulo, Brazil. Frequency of Campylo-
bacter was evaluated concerning its distribution according to the age group and propor-
tion of other enteropathogens. Prevalence of 61,33% was observed in relation to C. je-
juni biotype I, followed by 24,22% of C. jejuni biotype 1I and 9,76% of C. coli biotype
1. Serotyping was performed in 84,94% of strains, using 46 antisera. The predominante
serogroups were 36 (16,89%), 33 (9,13%) and 9 (6,85%). The remaining strains were
classified into 23 different serogroups. C. jejuni and C. coli were isolated 67 times
(23,51%) in coinfection and 62,81% of these strains were isolated from children aged

under 2 years old.

Key words - C. jejuni, C. coli, serogroup, biotype

INTRODUCTION

With the implementation of new selective
stool culture techniques developed by Dekeyser
(9), Butzler (7) and Skirrow (27), Campylobacter
jejuni and Campylobacter coli has been recog-
nized as an important cause of bacterial diarrhoca
in humans, equalling or exceeding Salmonella and
Shigella in prevalence.

It is now known that there are several spe-
cies of Campylobacter and that the major patho-
gen of humans is C. jejuni. Infections due to C.
coli which are closely related to C. jejuni, ap-
pear to share many clinical and epidemiological
characteristics.

The source of infection for humans is thought
to be the massive reservoir of C. jejuni and to a less-
er extent C. coli in the animal population (1,2,4).

Epidemiological evidence has linked human
C. jejuni-C. coli infections to the consumption of
contaminated food, especially poultry, unpasteur-
ized milk, and water, as well as to contact with do-
mestic animals (3,4,5,26).

To confirm these suspected routes of sources
and transmissions, effective discrimination be-
tween strains is required. Since the bacteria have
only a few biochemical reactions that may be rou-
tinely used in clinical laboratory it is expected that
biotyping alone, will not be adequate for epidemi-
ological purposes. Interest has, therefore, focused
on the use of serotyping methods for epidemiolog-
ical tracing.

Several different serotyping schemes have
been described (16,23). Lior (18) developed a ser-
otyping scheme for C. jejuni, C. coli and C. laris
based on a rapid slide agglutination technique, us-

Segiio de Bacteriologia, Instituto Adolfo Lutz, Av. Dr. Amaldo, 351 - 92 andar - CEP 01246-902, Siio Paulo, Brasil.
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ing live bacteria and absorbed antisera for detec-
tion of heat-labile antigenic factors.

The increasing frequency of C. jejuni-C. coli
isolations from sporadic cases of human enteritis
in Brazil (8,10,22,25), created the need of devising
a possible mean of serological identification of
strains for epidemiological purposes.

MATERIALS AND METHODS

From January 1983 through December 1989,
7652 faecal samples were cultured in Campylo-
bacter sclective medium consisting of 5% sheep-
blood Trypticase soy agar (TSA), containing, per
millilitre, 10 ug vancomycin, 5 ug trimethoprim,
2,5 IU of polymyxin B, 2,0 ug amphoteticin B, 15
ug cephalothin, and supplemented with 0,5% of
yeast extract and FBP. Plates were incubated at
42°C in microacrophilic atmosphere (19) and were
examined after 48h for C. jejuni and C. coli
growth,

Slide smears from suspected Campylobacter
colonies were stained with crystal violet. Identifi-
cation was based on catalase and oxidase produc-
tion, growth in 1% glycine, growth at 42°C but not
at 25°C, hydrogen sulfide production with lead ac-
etate strips, sensitivity to nalidixic acid and resis-
tance to cephalothin, and presence or absence of
hippurate hydrolysis. Hippurate-positive strains
were classified as C. jejuni, and negative oncs as
C. coli.

The biotypes of all (he isolates were deter-
mined by biotyping scheme of Lior (17). For heat-
labile antigens detection, Lior's scheme was used.

The reference strains for 46 scrotypes had
been kindly supplied by.Dr. Lior (Laboratory Cen-
tre for Diseasc Control, Ottawa, Ontario, Canada).

The reference strains were first plated on TSA
supplemented with 0,5% of yeast and containing
5% sheep-blood, incubated at 37°C in an oxygen-
reduced atmosphere produced by Anaerocult C
(Merck). Scveral smooth colonics from cach plate
* were subcultured in Brucella broth and after incu-
bation at 37°C for 24h, 3 ml of the culture were
spread on plates (15x150mm) with supplemented
TSA. After incubation at 37°C [or 481, the growth
was harvested in 0,5% formalin-phosphate-buffer
salinc (PBS) pH 7,2. The suspension was washed
three times, tested for sterility and adjusted to
10.101° bacteria/ml,

Whitc New Zeland rabbits were immunized
by 5 injections with increasing doses of 0,5-2,0 ml
at 3-4 days intervals. Aflter 7 days the last injec-
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tion, the sera were tested for agglutinins and if the
titer was satisfactory, the animal were bled. The
sera werc maintained at 4°C with merthiolate
(1:10.000).

Each scrum was absorbed with the homolo-
gous strain heated for 2h at 100°C and was tested
with all strains for cross-reactions. If a cross-
reaction occurred, it was eliminated by absorption
with heterologous unheated strain.

Nine pools were formed with 46 antisera and
the working dilution were determined as that
which was observed slide agglutination of the ho-
mologous strain within one minute.

Before serotyping the test strains were subcul-
tured 5-10 times or more (rough strains up to 15-
20 times). The serotyping technique consisted of a
slide agglutionation test with 0,1% DNase (Boeh-
ringer-Mannheim) as the diluent. The pool sera,
unabsorbed sera and absorbed sera were used suc-
cessively.

All faecal specimens were also cultured for
Salmonella, Shigella, and enterophathogenic E.
coli.

RESULTS

During 7 years period 1983-1989, 285
(3,72%) isolates of thermotolerant Campylobacter
species were recovered. Identification of 285
Campylobacter isolates showed that 239 (83,86%)
were C. jejuni and 34 (11,93%) C. coli. Campylo-
bacter sp. were identified in 16,48% among posi-
tive cases and mixed infection with Campylobact-
er sp. and other bacterial pathogens were found in
67 of 285 cases (23,51%).

Most (62,81%) of the Campylobacter sp isola-
tions were from children under two years of age
(Table 1). C. jejuni biotype I was most common
among isolates (61,33%) followed by C. jejuni 11
(24,22%), C. coli 1 (9,76%, C. coli I (3,13%), and
C. jejuni 1T (1,17%). One strain of C. jejuni IV
was found in this study.

TABLE 1 - Age distribution of Campylobacter isolated during
period 1983-89

Age Number Percentage
0-11mo 111 38,95
12-23mo 68 23,86
2-4y 29 10,17
5-20y 16 5,62
> 20y 41 14,38
unknown 20 7,02
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Enteropathogenic Escherichia coli was the
most commonly isolated bacterial pathogen
(33,58% among positive cases). Other common
bacterial pathogens (Table 2) included Shigella
(20,43%), Salmonella (18,18%), enterotoxigenic
E. coli (599%), and enteroinvasive E. coli
(5,34%).

TABLE 2 - Percentage of enteropathogenic bacteria isolated
during period 1983-1989

Bacteria Percentage
Enteropathogenic E. coli 33,58
Shigella 20,43
Salmonella 18,18
Campylobacter 16,48
Enterotoxigenic E.coli 5,99
Enteroinvasive E.coli 5,34

TABLE 3 - Distribution of Campylobacter jejuni and Campy-
lobacter coli serogroups according Lior's scheme

Scrogroup Total n® of strains % of total
Liol 3 1,37
Lio2 8 3,65
Lio 4 13 5,93
Lio5 1 0,45
Lio6 1 0,45
Lio7 6 2,74
Lio 8 6 2,74
Lio9 15 6,85
Lio 10 8 3,65
Lio 11 3 1,37
Lio 12 1 0,45
Lio13 8 3,65
Lio 16 1 0,45
Lio 17 9 4,21
Lio 19 6 2,74
Lio21 12 5,48
Lio22 1 0,45
Lio 27 8 3,65
Lio 28 1 0,45
Lio 29 2 091
Lio 31 1 0,45
Lio 32 1 0,45
Lio 33 20 9,13
Lio 35 4 1,82
Lio 36 37 16,89
Lio 44 10 4,56
Untypeable 22 10,04
Rough 11 5,02

Of 219 strains tested, 186 (84,94%) were typa-
ble by 46 antisera of Lior typing scheme; they
were associated with 26 serotypes listed in Table
3. The rcmaining 33 strains either did not react
with any of the sera (10,04%) or were rough and
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were simultaneously agglutinated by many antise-
ra even after 20 transfers on TSA (5,02%).

DISCUSSION

The reported number of 285 (3,72%) isolates
of Campylobacter represents only a small fraction
of infections that occurred. The magnitude of the
problem of campylobacteriosis is difficult to as-
sess because faecal cultures are obtained from
only a fraction of persons who have diarrhoeal ill-
nesses. Nevertheless, by comparing Campylobact-
er isolations rates with those of other pathogens, a
relative estimate of incidence can be made.

We found the highest isolation rates of Cam-
pylobacter among infants, which is consistent with
the age distribution found in low-income popula-
tions where diarrhoeal disecase are endemic
(11,13). The results of the present study suggest
that children are exposed to C. jejuni and C. coli at
an carly age in developing countries.

It is difficult, however, to compare isolation
rate in different age groups since the sampling fre-
quency may vary. The apparent high isolation rate
in infants may be due to a distortion caused by
oversampling relative to adults.

It has now established on basis of DNA hy-
bridization studies that the hippurate-positive
strains (C. jejuni), and hippurate-negative strains
(C. coli) represent two different species. C. coli
accounts for only about 3 to 5% of the Campy-
lobacter isolates from cases of human gastroen-
teritis (28). The relative contribution of C. coli
in our study (11,93%) was not significantly dif-
ferent from that reported in Sweden (14) and
Norway (15) but lower than that reported in
China (13), Central African Republic (11), and
in Yugoslavia (24).

In our finding concerning other enteric bac-
teria, EPEC were morc frequently isolated. Shi-
gella, Campylobacter, and Salmonella were iso-
lated with similar [requencies. These data
indicate that C. jejuni and C. coli is a significant
cause of gastroenteritis in Sfo Paulo, and thus,
laboratories should seriously consider the possi-
ble presence of this organism when culturing
stool specimens.

It has been reported that C. jejuni and C. coli
is frequently encountered in mixed infections with
other known bacterial enteropathogens (2,8,13). In
this study 67 of 285 case (23,51%) of Campylo-
bacter enteritis was coinfected with other cntero-
pathogenic bacteria.
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Bukholm & Kapperud (6) reported that Sal-
monella, Shigella, and E. coli strains produce
synergistic interactions that facilitate the invasion
by C. jejuni in cell cultures. However the effect
exerted by the coinfectants at the host cell remain
unclear,

A reproducible, sensitive, and well-
standardized typing system is critical to the suc-
cessful investigation of outbreaks caused by C. je-
Juni and C. coli. A successful scheme should be
capable of typing the majority of strains associated
with sporadic infection,

The percentage of serotypable strains detected
in the present study (84,94%) was not significantly
different with the results reported for strains from
Canada, Bangui, USA, and Germany
(12,18,21,29). Our finding of 26 scrotypes among
186 typable isolates may be explained by the fact
that all strains were from sporadic cases of Cam-
Dylobacter enteritis.

Serotype 36, the most frequently identified
serotype in Sdo Paulo, is also one of the most pre-
dominant in France (20), USA (21), Central Afri-
can Republic (12), and Germany (29). The sero-
type 33, the second most frequent in our study,
was reported in Germany, only.

The serogrouping scheme of Lior is easy to
apply, consisting of a slide agglutination, similar
to that used to type other organisms such Salmo-
nella. However, the scheme is difficult to imple-
ment because absorption of the sera is necessary
and the other problem is the need for multiple sub-
cultures before successfully typing strains which
may have been stressed by storage.

On the other hand, once the antisera have
been prepared, direct agglutination is simpler,
which explains its preference by an increasing
number of investigators,

C. jejuni biotype I and II were the majority of
types found, 61,33% and 24,22%, similar to the re-
ported in other countries (17,20,29).

The integration of the biotyping and serotyp-
ing scheme resulted in a further differentiation of
C. jejuni and C. coli isolates, specially of the com-
mon serotypes. The subdivision of these scrotypes
provides additional epidemiological information.

In our study, 15 of 26 serotypes identified
were associated with two or more biotypes. Thus,
the bio-serotypes most frequent were C. jejuni bio-
type I/serotype 36, C. jejuni /33 and C. jejuni 1/9.

Serotyping in sporadic cases of Campylobact-
er enteritis does not have important medical impli-
cations but should be performed for epidemiologi-
cal purposes.

Rev. Microbiol., Sdo Paulo, 25(1), 1994

RESUMO

Biotipos e sorogrupos de Lior de C. jejunie C.
coli isolados em S. Paulo-Brasil

Foi avaliada a freqiiéncia de Campylobacter
sp no periodo de 1983 a 1989, quanto & sua dis-
tribuigdio por grupo etdrio e ao percentual em
relagdio a outros enteropatégenos. As cepas isola-
das foram classificadas em biotipos e sorogrupos,
segundo as metodologias descritas por Lior. For-
am utilizados 46 anti-soros preparados com cepas
de referéncia recebidas do "National Reference
Service for Campylobacter" do Canadi. Neste
periodo foram isoladas 285 cepas de Campylo-
bacter sp., correspondendo a 3,72% do total de
amostras de fezes analisadas, sendo 83,86 % de C.
Jejuni e 11.93% de C. coli, das quais 62,81% for-
am isoladas de criangas com menos de dois anos
de idade. Em 67 vezes (23,51%), C. jejuni ¢ C.
coli foram isolados em infec¢des mistas, Houve
prevaléncia do C. jejuni biotipo I com 61,33%, se-
guidos de C. jejuni biotipo II com 24,22% e C.
coli biotipo I com 9,76%. Foram sorotipadas
84,94% das cepas isoladas, havendo predo-
minincia dos sorogrupos 36 (16,89%), 33 (9,13%)
e 9 (6,85%). As demais foram classificadas em 23
diferentes sorogrupos; 22 cepas (10,04%) nio
puderam ser tipadas com os 46 anti-soros utiliza-
dos e outras 11 (5,02%) se apresentaram autoaglu-
tinantes.

Palavras chaves: C. jejuni, C.coli, sorogrupo,
biotipo.

ACKNOWLEDGEMENTS

We thank Dr. H. Lior, Laboratory Centre for
Discase Control, for providing the type strains of
the serogrouping scheme and for his advice on
performance of the tests.

REFERENCES

1. Almeida, P.F. & Serrano, A.M. - Ocorréncia de Campy-
lobacter fetus subespécie jejuni em carcagas de frangos e
suinos. Rev. Microbiol., Sdo Paulo, 18: 297-83, 1987,

2. Blaser, M.J., Bercowitz, LD., LaForce, F.M., Cravens, I.,

Relle, L.B. & Wang, W.L.L. Campylobacter enteritis: clin-

ical and epidemiologic features. Ann. Inter. Med., 91: 179-

85,1979.

Blaser, M.J., Cravens, J., Powers, B.W., LaForce, F.M.

& Wang, W.L.L. Campylobacter enteritis associated with

unpasteurized milk. Am. J. Med., 67: 715-8, 1979.

L3



Calzada, C. T, et al.

10.

1L

12.

13.

14.

15.

16.

Blaser, M.J., LaForce, F.M., Wilson, N.A. & Wang,
W.L.L. Reservoirs for human campylobacteriosis. J. In-
Ject. Dis., 141: 665-9, 1980.

Blaser, M.J,, Taylor, D.N. & Feldman, R.A. Epidemiolo-
gy of Campylobacter jejuni infections. Epidemiol. Rev.,
5:157-76, 1983.

Bukholm, G. & Kapperud, G. Expression of Campylo-
bacter jejuni invasiveness in cell cultures coinfected with
other bacteria, Infect Immun., 55: 2816-21, 1987.

Butzler, J.P., Dekeyser, P., Detrain, M. & Daheaen, F.
Related vibrio in stools. J. Pediatr., 82: 493-5, 1973.
Cauduro, P.F., Mezzari, A. & Dias, C.A.G. Coprocultura:
espécies patogénicas prevalentes em laboratério privado de
Porto Alegre,RS. Rev.Bras.Patol.Clin ., 23:152-6, 1987.
Dekeyser, P., Gossuin-Detrain, M., Butzler, I.P. & Ster-
non, J. Acute enteritis due to related vibrio: First positive
stool culture. J. Infect. Dis., 125: 390-2, 1972.

Femandez, H., Toledo, M.R.F., Fagundes Neto, U. &
Trabulsi, L.R. Occurrence of Campylobacter jejuni in di-
arrhoeic and non-diarrhoeic children in Sao Paulo, Brazil.
Rev. Int. Med. Trop., Sdo Paulo, 27: 102-4, 1985,
Georges-Courbot, M.C., Baya, C., Beraud, A.M., Mcu-
nier, D.M.Y. & Georges, A.J. Distribution and sero-
types of Campylobacter jejuni and Campylobacter coli
in entteric Campylobacter strains isolated from children
in the Central African Republic. J. Clin. Microbiol., 23:
592-4, 1986.

Georges-Courbot, M.C., Gouandjika, I., Martin, P.M.V.
& Georges, A.J. Biotype and Lior serogroup distribution
of enteric Campylobacter isolated from children in Ban-
gui (Central African Republic), and comparison with Pen-
ner serotypes. Res. Microbiol., 140: 489-97, 1989.

Ho, B.S.W. & Wong, W.T. A one-year survey of Campy-
lobacter enteritis and other forms of bacterial diarrhoea in
Hong Kong. J. Hyg., Camb., 94: 55-60, 1985.

Kaijser, B. & Sjogre, E. Campylobacter strains in Swe-
den - serotyping and correlation to clinical symptoms.
Acta Pathol. Microbiol. Immunol. Scand., (Sect. B), 93:
315-22, 1985.

Kapperud, G. & Rosef, O. Avian wildlife reservoir of
Campylobacter fetus subsp. jejuni, Yersinia spp., and Sal-
monella spp. in Norway. Appl. Environ. Microbiol.,
45:375-80, 1983.

Lauwers, S., Viaes, L. & Butzler, J.P. Campylobacter ser-
otyping and epidemiology. Lancet, 1: 158-9, 1981.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

Rev. Microbiol., Sio Paulo, 25(1), 1994

Lior, H. New extended biotyping scheme for Campylo-
bacter jejuni, Campylobacter coli and "Campylobacter
laridis”. J. Clin. Microbiol., 20: 636-40, 1984.

Lior, H., Woodward, D.L., Edgar, J.A., Laroche, L.J. &
Gill, P. Serotyping of Campylobacter jejuni by slide ag-
glutination based on heat-labile antigenic factors. J. Clin.
Microbiol., 15:761-8, 1982.

Magalhdes, M., Andrade, M.A. & Silva, G.P. Simple and -
inexpensive method for culturing Campylobacter fetus
subsp. jejuni. Rev. Microbiol., Sio Paulo, 13: 124-5,
1982.

Mégraud, F., Gavinet, A.M. & Camou-Junca, C. Sero-
groups and biotypes of human strains of Campylobacter
Jejuni and Campylobacter coli isolated in France. Eur. J.
Clin. Microbiol., 6: 641-5, 1987,

Patton, C.M., Barret, T.J. & Morris, G.K. Comparison of
the Penner and Lior methods for serotyping Campylo-
bacter spp. J. Clin. Microbiol., 22: 558-65, 1985.

Pavan, M.F.B., Mamizuka, E.M, & Martinez, M.B. Cam-
pylobacter termofilico em fezes de criangas com diarréia:
estudo com controles. Rev. Microbiol., Sdo Paulo, 18:
243-8, 1987.

Penner, J.L. & Hennessy, J.N. Passive hemagglutination
technique for serotyping Campylobacter fetus subsp. jeju-
ni on the basis of soluble heat-stable antigens. J. Clin. Mi-
crobiol., 12: 732-7, 1980.

Popovic-Uroic, T. Campylobacter jejuni and Campylo-
bacter coli diarthoea in rural and urban population in Yu-
goslavia. Epidemiol. Inf., 102: 59-67, 1989.

Ricciardi, ID., Ferreira, M.C.S., Otto, S.S., Oliveira, N.,
Sabrd, A. & Fontes, C.F. Thermophilic Campylobacter
associated diarrthoea in Rio de Janeiro. Rev. Bras. Pes.
Med. Biol., 12: 189-91, 1979

Rogol, M., Sechter, I, Falk, H., Shtark, Y., Alfi, S. &
Greenberg, Z. Waterborne outbreak of Campylobacter
enteritis. Eur. J. Clin. Microbiol., 2: 588-90, 1983.
Skirrow, M.B. Campylobacter enteritis: a "new" disease.
Br.Med. J.,2: 9-11, 1977.

Skirrow, M.B. & Benjamin, J. "1001" campylobacters:
cultural caracteristics of intestinal campylobacters from
man and animals. J. Hyg., Camb., 85: 427-42, 1980.
Wokatsch, R. & Bockemuhl, J. Serovars and biovars of
Campylobacter strains isolated from humans and slaug-
terhouse animals in northern Germany. J. Appl. Bacteri-
ol., 64: 135-40, 1988.



Rev. Microbiol., Sio Paulo, 25(1): 6-10, 1994

RELEASE OF EXTRACELLULAR POLYSACCHARIDE BY SPONDYLOSIUM

PANDURIFORME (DESMIDIACEAE)

Armando Augusto Henriques Vieiral®
Otaciro Rangel Nascimento?
Antonio Luiz Sartoril

ABSTRACTS

The filamentous desmid Spondylosium panduriforme (Heimerl) Teiling var, pan-
duriforme f. limneticum has a large rigid mucilaginous sheath and releases great
amounts of extracellular dissolved polysaccharide. Experiments on the kinetics release
of labelled extracellular dissolved polysaccharide and on the labelling of the sheath
polysaccharides were carricd out during 28 hours the dissolved polysaccharide could
be detected one hour after addition of C* and its amount increased continuously with
time even during dark period. Labelled sheath material could be detected half an hour
after addition. The results show that the viscosity of the culture medium was not due
to the dissolution of ageing sheaths. There are evidences that the origin of the dis-
solved polysaccharide could be from an active physiological process of production of
this polymer.

Key words: Spondylosium panduriforme, extracellular dissolved polysaccharide, re-

lease kinetics.

INTRODUCTION

Relatively great amounts of dissolved polysac-
charides arc found in culturc media of microalgae
and frequently these media become viscous with
ageing culturcs. This fact is conspicuous in specics
with not well outlined or non consistent mucilagi-
nous sheaths likc Tetrasporalcs, scveral Cyanophy-
ceac and Zygnemataccac. We can obscrve this fact
also in Cryptomonas sp cultures (13). This also
happens with species of Desmidiaccae which shed
the primary wall like Pleurotaenium trabecula, in
Volvocales and Chlorococcales which have spo-
rangium wall autolysis, thus relcasing polysaccha-

Reprints requests.

rides (1, 2, 3, 14, 16, 17). It also occurs on species
which have well outlined, rigid and non easily sol-
uble sheaths like Spondylosium panduriforme.

Many works have shown that the release of
polysaccharide in several taxa increascs during the
seneseent culture phase or under stress conditions
like nutrient limitation (5, 6, 8, 12, 17). This leads
onc to conclude that the origin of the dissolved
polysaccharides would be a simple dissolution of
ageing sheaths or by increasing its production only
in ageing culturcs.

This work is concerned to production of both
extracellular dissolve polysaccharide and sheath
polysaccharide.

Department of Botany, Federal University of Sfo Carlos - CEP 13565-905 - Sio Carlos - SP - Brazil.
Institute of Physics and Chemistry, University of Sdo Paulo - CEP 13560 - Sdo Carlos - SP - Brazil.
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MATERIALS AND METHODS

Organism and Culture Conditions. Spondylo-
sium panduriforme (Heimerl) Teiling var. panduri-
forme f. limneticum (West & West) was isolated
from a marginal lagoon of thc Mogi-Guagu River,
SP, Brazil and has been maintained in the freshwa-
ter microalgae culture collection at Federal Univer-
sity of Sfio Carlos as 072CH-UFSCAR strain. The
cells were grown in WC medium (7) under axenic
condition at 20-22°C. The cultures were continu-
ously acrated by gentle bubbling with filtered and
moist air. Illumination was provided by 40W fluo-
rescent tubes (100uE. m=2, s1) and with a light/
dark cycle of 12:12 hours. The experimental cells
were in fast growth (logaritmic growth phasc).

Labelling with C'4, To label the cells and dis-
solved material NaC0, (0.18uCi.ml!), New
England Nuclear Corp., was injected at the begin-
ning of the light pcriod (07:00h) into a ncw prea-
dapted culturc in cxponential growth (3.10*
cells.mI!) in 3.0 liters medium.

Total Extracellular C**-labeled Matter. To de-
termine C into total dissolved excrcted material,
35 ml of the cultures were sampled at regular inter-
vals and centrifuged gently (800 - 100 rpm by 5 min-
utes in an universal centrifuge because the cells are
larger than 100tm, including the sheaths). The su-
pernatant was filtered through a 0.45pum pore mem-
brane and was acidificd with 1IN HCI till pH 3.0 and
vigorously acratcd during 40 minutes to eliminate
inorganic C4, Alter this, the pH was adjusted to 7.0
and aliquots of 10 ml of the filtrate were transfered
into scintillation vials and 10 ml of tolucnc based
fluor were added for radioactivity measurcments of
total excretion. The remainder (25 ml) was concen-
trated five times at reduced pressurc by a rotary
cvaporator at 40°C and subsamplcs of 3 ml from
cach concentrated sample were collected for gel fil-
tration at Sephadex G-50ina 1.6 x 62 cm column,

Toluene Based Fluor (Scintillation Cocktail):
Toluene + Renex™ (7:6, used for aqucous sam-
ples) + 100 mg Lt dimethyl POPOP (1, 4-bis-2-(4-
methil-5-phenyloxazolyl) )+ 3gL't PPO (2,5 di-
phenyloxazol). For filters with cells, 2:1 toluene/
Renex™ was used.

Total Particulate Matter Labeled with C'4, To
determine total particulate organic labeled matter
(the whole cells) samples of 10 ml of the culture
were [iltcred through 1.0 um porc membranc to get
casicr and gently filtration since the cclls arc very
large. The filters were washed with distilled water,
dricd and placed in scintillation vials with tolucne
bascd fluor as above but 2:1 of tolucne/Renex,

Rev. Microbiol., Sdo Paulo, 25(1), 1994

Extraction of Sheath Products Labeled with
C14. 80 ml of the cultures were sampled at regular
intervals and centrifuged. The cells were washed
twice with fresh culture medium and fixed with 5%
formaline for two hours. After this the cells were
washed again and ressuspended in 80 ml of dis-
tilled water and kept at 55°C for 16h in order to ex-
tract the sheaths. The extraction was monitored by
microscopical observations. The extracts were fil-
tered through a 0.45 um pore membrane and con-
centrated as above and dialyzed against distilled
water in a Spectrapor dialysis tube with a cutoff of
12,000-14,000 daltons. Toluene was added to pre-
vent microbial growth., After dialysis the sheath
material was treated with ethanol and saline (15) to
precipitate the polysaccharides. The sheath precipi-
tates were dissolved in 30 ml of distilled water by
heating overnight at 55°C. 10 ml of dissolved sam-
ples were then placed in scintillation vials with 10
ml toluenc based fluor at 2:1 of toluecne/Renex™,

Extracellular Polysaccharide Labeled with
C!4. The supernatants (80 ml) of the centrifuged
cells samples above were filtered through 0.45 pum
porc membrane, concentrated five times, and after
dialyzed they were precipitated as above to colect
the extracellular dissolved polysaccharides. The
precipitated polysaccharides were dissolved in 15
ml of distilled water then 10 ml of dissolved sam-
ples were placed in scintillation vials with 10 ml
of 7:6 toluenc/Renex™ oluence based fuor.

Radioactivity Measurements. The radioactivi-
ly was determined by a Packard TriCarb mod.
1550, with quench correction by automatic exter-
nal standardization. DPM values for sheath poly-
saccharide and extracellular dissolved polysaccha-
ride were corrected for 10 ml culture.

Controls. Samplestakenbothattime zeroand at
different intervals throughout the experiments were
allfixed with 5% formaline and used as controls.

Carboydrate content was tested by the phe-
nol-sulfuric acid method (4) and protein by the
Lowry mcthod (10).

RESULTS AND DISCUSSION

Labelled extracellular dissolved polysaccha-
ride could be detected in culture medium one hour
after the addition of NalHC¥O, meanwhile labelled
capsular material could be detected after half an
hour (Fig. 1). Scphadex G-50 gel filtration of total
cxcreted material shows that (he high molecular
wcight compounds excrefed increase with time
from [irst hour on (Fig. 2). Phcnol-sulfuric acid as-
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FIGURE 1 - C%-incorporation into sheath material and extracellular dissolved polysaccharide. Desintegrations per minute (DPM)

by 10 ml culture.

says showed these compounds are polysaccharides
and its protein content is 6.0%. Sheath material is
around 96% polysaccharide and 3.8% protein.

The release of the extracellular dissolved poly-
saccharides was continuous throughout 28 hours in-
cluding the dark period (19:00-07:00). The same
happened with the labelling of sheath material.
These results show that the kinetics release of extra-
cellular dissolved polysaccharide is similar to that
of total excreted, and both are closely related to total
particulate carbon fixation but the increase of the
dissolved material during dark period shows that the
process was not a passive loss of the photoassimilat-
ed carbon (Fig. 3). Rapidly incorporation of C* into
sheath material without lag phase and its continuity
even in dark period agrees with microscopical ob-
servations. Rarcly we can see S. panduriforme di-
viding cells without mucilaginous sheaths.

The results for sheath labelling agree with
those obtained for natural phytoplankton communi-
ties by authors which found that polimeric fractions
are labelled without lag phase or with a very short
one (9, 11, 18). Also, in the literature we can find
references to a very fast labelling of excreted poly-
mers like polysaccharides in rapidly growing cells
of Chaetoceros affinis (Bacillariophyceac) (12).

We can conclude that the culture media vis-
cosity, at least for S. panduriforme, is due to the

accumulation of polysaccharides which are contin-
uously released by an active process. The short lag
phase to detect labelled extracellular polysaccha-
ride reinforce the idea that the accumulation of
this material into the medium does is not due to a
passive dissolution of the ageing sheaths neither
technical artifacts or stress conditions. Thus, the
dissolved polysaccharide could be released by
chemical transformation of the sheath material
what agrees with the fact that there is a lag phase
between sheath and dissolved polysaccharide la-
belling and that the ratio extracellular dissolved
polysaccharide/sheath polysaccharide increases in
a linear shape (Fig. 4).

RESUMO

Liberacio de polyssacarideo extracelular por
Spondylosium panduriforme (desmidiaceae)

A desmidiacea filamentosa Spondylosium
panduriforme tem uma bainha mucilaginosa rela-
tivamente grande e consistente. Usando C4 como
marcador foi estudada a cinética de liberacio de
polissacarideo extracellular solivel e a marcagfio
dos polissacarideos da bainha durante 28 horas sc-
guidas. O polissacarideo solivel pode ser detecta-



Vieira, A, A. H. et al Rev. Microbiol., So Paulo, 25(1), 1994

600 -
500 - 1
- o—-e 7830H
o—o 830 H
400- x—x %00 H
+—4 11:00 H
- o—o 13:00 H
= +|
& 300-
L. +

200+

100+

10 20 30 40 50 60 70
FRACTION

FIGURE 2- Gelfiltration (Sephadex G-50) of concentrated culture medium with Cl4-labelled dissolved organic
matter released by S. panduriforme. DPM by 2 ml fraction,

"o
"L 2000} "
[ e———e TOTAL PARTICULATE €
: / Q
. o——0 TOTAL EXCRETED e
5 1600} ° -40"’O
o ".
w g
£ 1200} 30 &
J Q
3 o
- 800 20 w
& §
& :
2 400 10 R
< <——— DARK PERIOD ——> K
f—
= e

1 1 I 1 ! | 1 i |
07:00 0900 1100 13:00 1500 1700 19:00 21:00 23:00 O1:00 0300 0500 000 0900 11:00
HOUR

FIGURE 3- Cl4-incorporation into total particulate (whole cell) and into total released dissolved organic matter. DPM by 10ml culture.



Vieira, A. A. H. et al

[sR 1 o

DISSOLV POLYSACH./ SHEATH MATERIAL RATIO
T
\

1 1 I !

o] 1 1
07:00 14:00 16:00 1900 23:00 0300 07:00 11:00

HOUR

FIGURE 4- DPM ratio of extracellular dissolved polysaccha-
ride and sheaeth polysaccharide.

do no meio de cultura uma hora apds a adigdo do
marcador enquanto o polissacarideo da bainha
pode scr detectado meia hora apds. Os resultados
mostram que a viscosidade do meio de cultura
desta espécic ndo € devida a dissoluciio das
bainhas de células velhas, como se pensava. Ha
evidéncias que o polissacaridco soltvel pode ser
produzido por um ativo processo fisiologico.

Talavras-chave: Spondylosium  panduriforme,
polyssacarideo extracelular dissolvido, cinética de
liberagdo.

ACKNOWLEDGMENTS

This work was sponsorcd by FAPESP (Séo
Paulo Statc Rescarch Support Foundation), Proc n®
90/0927-3.

REFERENCES

1. Boney, A.D. - Mucilage: the ubignitous algal attribute.
Br. phycol. J. 16: 115-132, 1981.

2. Brook, AJ. - The Biology of Desmids. Oxford, Black-
well, pp. 286, 1981,

3.  Drawert, H. & Mix, M. - Licht-und elcktronenmikrosko-
pische untersuchungen an desmidiaceen. IL Hiiligalleric

10

10.

11,

12.

13.

14.

15

16.

17.

18.

Rev. Microbiol., Sio Paulo, 25(1), 1994

und schleimbildung bei Micrasterias, Pleurotaenium und
Hyalotheca. Planta 56: 237-261, 1961.

Dubois, M.; Gilles, K.A.; Hamilton, J.K; Rebers, P.A. &
Smith, F. - Colorimetric method for determination of sug-
ars and related substances. Anal.Chem. 28: 350-356, 1956.
Fogg, G.E. - The ecological significance of extracellular
products of photosynthesis. Bot. Marina, 26: 3-14, 1983.
Guillard, R.R.L. & Wangersky, P.J. - The production of
extraceliular carbohydrates by some marine flagelates.
Limnol. Oceanogr., 3: 449-454, 1958.

Guillard, RR.L. & Lorenzen, C.J. - Yellow-green algac
with chlorophyllid-c. J. Phycol., 8: 10-4, 1972,

Jensen, A. - Excretion of organic carbon as function of
nutrient strees. - In: Holm-Iansen, O., Bolis, L. & Gilles,
R., eds. - Lecture Notes on'Coastal and Estuarine Studics.
8. Marine Phytoplankton and Productivity. Berlin,
Springer Verlag, p. 61-72, 1984.

Lancelot, C. - Extracellular release of small and large
molecules by phytoplankton in the Southern bight of the
Noth Sea. Estuar, Coastal Shelf Sci., 18: 65-77, 1984,
Lowry, O.H., Rosebrough, N.J., Farr, A.L. & Randall,
R.J. - Protein measurement with the Folin phenol reagent.
J. Biol. Chem., 193: 265-275, 1951.

Mague, T.H., Friberg, E., Hughes, D.J. & Morris, L. - Ex-
tracclluar relcase of carbon by marine phytoplankton; a
physiological approach. Limnol Oceaneogr., 25(2): 262~
279, 1980.

Myklestad, S. - Production of carboydrates by marine
planktonic diatoms. II. Influence of the N/P ratio in the
growth medium on the assimilation ratios, growth rate
and production of cellular and extracellular carboydrates
by Chaetoceros affinis var. willey (Gran) Hustedt and
Skeletonema costatum (Grev.) Cleve. J. Exp. Mar. Biol.
Ecol., 29: 161-179, 1971.

Paulsen, B.S., Vieira, A.A.H. & Klaveness, D. - Structure
of extracellular polysaccharides produced by a soil Cryp-
tomonas sp. (Cryptophyceac). J. Phycol., 28: 61-63, 1992,
Pickett-Heaps, J.D. - Green Algae. Sunderland, Sinaucr
Associates, pp. 606, 1975,

Rodén, L., Baker, I.R., Cifonelli, J.A. & Mathews, M.B. -
Isolation and characterization of connective tissue poly-
saccharides. - In: Ginsburg, V., ed. - Methods in Enzy-
mology complex polysaccharides. vol. 28. New York,
Academic Press, p. 73-140, 1972.

Schitsser, U.G. - Species-specific sporangium autolysins
(cell-wall-dissolving cnzymes) in the genus Chlamydo-
monas. - In: Trvine, D.E.G. & John, D.M,, eds. - System-
atics of the Green Algae, London, Academic Press, p.
409-418, 1984,

Vieira, A.A.H. & Myklestad, S. - Production of extraccllu-
lar carboydrate in cultures of Ankistrodesmus densus Kors.
(Chlorophyceae). J. Plankton Res., 8(5):985-994, 1986.
Veldhuis, M.J.W. & Admiraal, W. - Transfer of photosyn-
thetic products in gelatinous colonics of Phaeocystis pou-
chetii (Ilaptophyceac) and its effect on the measurement of
excretion rate. Mar, Ecol. Prog.Ser., 26: 301-304, 1985.



Rev.Microbiol., Sdo Paulo, 25(1): 11-5, 1994

COLONIZATION FACTORS AMONG ENTEROTOXIGENIC ESCHERICHIA COLI
(ETEC) ISOLATED FROM DIARRHEIC CHILDREN IN OURO PRETO (MINAS
GERAIS STATE) AND PAULINIA (SAO PAULO STATE), BRAZIL

Lucila Costallat Ricei !

Fabricia Paula de Faria

Giane R. E. Tavares

Paula Salek de Sigueira Porto
Antonio Fernando Pestana de Castro

SUMMARY

Eighty-scven enterotoxigenic Escherichia coli (ETEC) and 36 non-ETEC strains
were examined for the presence of the colonization factors CFAT, CFAII(CS1-CS3) and
CFAIV(CS4-CS6). All strains were isolated from cases of diarrhea among children under
12 ycars of age living in the cities of Ouro Preto (MG) and Paulinia (SP), Brazil. Two
ETEC (2,3%) strains from Ouro Preto both producing STa enterotoxin, showed serologi-
cal positive reactions with a-CFAI antiseram. No positive reactions were found with a-
CFAIland a-CFAIV antisera, though several strains have shown D-manose resistant hem-
agglutination with atleast onc of the following erythrocytes: human, bovine and chicken.

Key Words: Colonization factors; ETEC; infant diarrhea.

INTRODUCTION

Presently enterotoxigenic  Escherichia coli
(ETEC), as well as cnteropathogenic E. coli
(EPEC) and rotavirus arc among the most com-
mon agents involved in infant diarrhea in less-
developed arcas (17,21).

For human ETEC, as for most infectious micro-
organisms, the pathogenicity of this group of bacte-
ria is associated with the expression of specific ad-
hesin proteins that cnable bacterial attachment to
the host mucosal surface before tissuc colonization
(1). After colonizing the proximal small intestine,
the critical site of host-parasitc interactions, they
claborate heat-labile enterotoxin (LT) (6,7,13,15)
and/or heat-stable enterotoxin (ST) (5,20,24).

The main human ETEC adhesins are designat-
¢d as colonization factor antigens (CFAs) I and II
(11,12). CFAII consists of a family of three immu-
nologically distinct E. coli surface antigens (CS1,
CS2 and CS3) (1). Thomas ct alii (26) have report-
c¢d the presence of a new colonization factor
named CFAIV in the prototype strain E8775.
CFAIV like CFAII is composed of three different
coli surface antigens (CS4, CS5 and CS6). Other
ncw putative colonization factors have also been
described (1).

Through cooperative work with researchers
from the Federal University of Ouro Preto (MG)
and from the School of Medicine of Campinas
University (SP) which has a small Hospital in
Paulinia (SP), we selected 87 ETEC and 36 non-

1. Departamento de Microbiologia ¢ Imunologia. Instituto de Biologia - UNICAMP - CEP 13081 - Campinas - Sdo Paulo - Bra-
sil.Corresponding author, same address as above, Research funded by FAPESP, CNPq and FAEP.
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ETEC strains, which were isolated from cases of
diarrhea among children under 12 years old. In
these strains, we looked for the presence of CFA-I,
CFA-II and CFA-IV antigens using the D-
mannose resistant hacmagglutination (23) and spe-
cific serological tests.

MATERIALS AND METHODS
Strains

From cases of diarrheal illness among chil-
dren from the cities of Ouro Preto (MG) and
Paulfnia (SP), 123 strains of E. coli (table I} were
selected to look for the CFA-I, CFA-II and CFA-
LV colonization factors.

TABLE I - Enterotoxigenic phenotypes of the E. coli strains
isolated from cases of diarrhea among children in the citics of
Ouro Preto (MG, 1989) and Paulinia (SP, 1990).

Enterotoxigenic Strain origin

Phenotypes Paulinia Ouro Preto Total
LT 30 17 47
STa* 28 07 35
LT*/STat 04 01 05
LT/STa 21 15 36
Total 83 40 123

Enterotoxin detection

The production of STa by these strains was
verified through the infant mouse test IMT) (10),
by injecting intragastrically 0,1 ml of the supcrna-
tants taken from cultures grown at 37°C in CAYE
medium. For the detection of LT the same super-
natants were examined by the modified radial im-
munc haemolysis test (28) and by the indircct
hemagglutination test (22).

Antiserum preparation

Specific antisera were prepared against CFA-I
and CFA-II (CS1, CS3). For this purpose, strains
TR50/3 and 242 were used respectively, according
the recommendations of Yano et al. (29). Cultures
were grown in CFA liquid medium for 18h at
37°C, in a microfermentor. Then, cultures were
centrifuged at 5.000 rpm for 30 min, and the sedi-
ment resuspended in phosphate buffer containing
IM NaCl. This suspension was incubated at 60°C
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for 20 min with intermittent shaking, in order to
release fimbrial structures from bacteria.

This suspension was thereafter centrifuged
and the pili, in the supernatant, were concentrated
by precipitation with 60% ammonium sulphate,
under constant stirring. After centrifugation, the
supernatant was discarded, the sediment resus-
pended with PBS, pH 7.0, 0,05 M and dialyzed for
48h against the same buffer to which 0,5% of sodi-
um deoxycholate (DOC) was added. After three
days in this buffer, the dialysate was centrifuged,
the DOC soluble fraction concentrated by ultrafil-
tration through a PM 10 membrane (Amicon) and
applied to a column (2 x 95 cm) containing Sepha-
rose CLAB, equilibrated in 4M urea buffer. The
chromatography was carried out and the peak (Ab
280 nm) corresponding to the fimbria was separat-
ed, concentrated by ultrafiltration followed by gel
filtration on Sephacryl S-300.

Anti-pilus antibodies were induced by subcu-
tancous immunization of rabbits with the purified
antigens. Each rabbit received 30 ug of pili em-
mulsified in Freund's Complete adjuvant. Similar
boosters after 25 and 50 days the animals werc re-
inoculated with equal amounts of antigen emulsi-
fied in 1 ml of Freund's incomplete adjuvant.

Since no purified antigen was available, anti-
serum against anti-CFAIV(CS4-CS6) was pre-
pared as previously described (29), using a strain
containing CS4-CS6 complex antigen. This strain
was grown on CFA medium at 37°C for 18 h, re-
suspended in sterile saline, washed twice in saline
and the final suspension made in saline containing
0,5% formaldehyde. The inoculation dosage was
subsequently standardized according to Mac Far-
land's tube 3 scale. The rabbits were injected intra-
venously with five doses at 5-days intervals, with
increasing volumes of the suspension. Blood was
taken 10 days after the last injection and the rabbits
were exsanguinated after checking the serum ftitre.

Before using, the sera were exhaustively ab-
sorbed with packed bacteria cells of homologous
culture strains grown at 16°C. After absorption,
the antisera were considered monospecific and
ready for use when positive slide agglutination re-
actions were obtained only with strains grown at
37°C but not at 16°C. All sera showed titres above
1/1024 in agglutination rcactions, but the usual di-
lutions used was 1/40, with appropriate controls.

Search of CFA-I, CFA-II and CFA-IV

Initially we used D-mannose haemagglutina-
tion tests looking for clumping of human (A type),
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bovine and chicken red blood cells (RBC) as a
presumptive indication of CFA-I; bovine and
chicken for CFA-II and human (A type) and bo-
vine for CFA-IV. All reactions were carried out at
4°C, with cultures grown on CFA medium. The
123 strains were examined using the haemaggluti-
nation test carried out essentially as described by
Evans et alii (11) with the erythrocytes suspended
in phosphate-buffered saline (PBS) pH 7,2, con-
taining 1% D-mannose. After mixing the erythroc-
ytes with the bacterial suspension, the glass slides
were kept on ice for 5 min. and hacmagglutination
was examined by the naked eye. Serological con-
firmation of cach colonization factor was carried
oui at room temperature by mixing one drop of
specific antisera with bacterial suspension. Irre-
spective of the results of the hacmagglutination
tests, all strains were serologically examined. Posi-
tive reactions (hacmagglutination or serological),
were tested again with the culture growing at
16°C, for confirmation of abscnce of clumping at
this temperature. In all rcactions standard strains
(CFAI+, CS2-CS3+, CS4-CS6+) were used as a
rcagent control.

Rev. Microbiol., Sio Paulo, 25(1), 1994

RESULTS

After the tests, several haemagglutination pat-
terns were identified in 27 strains (21,9%), 18 of
these being toxigenic (20,1% of 87 ETEC) (Table
D). Only two strains, 228-6 (LT/STa) and 273-2
(STa), showed serological positive results for
CFAI We could not identify positive serological
reactions with the antiserum used in the absence of
haemagglutination. The fact that many D-manose
hacmagglutinating  strains were found and
clumped one or more of the RBC tested should be
further investigated.

DISCUSSION

ETEC strains are involved in many cases of
acute diarrhea in both humans and animals. They
have two pathogenic traits: adhesion to the small
intestine and production of thermolabile and/or
thermostable enterotoxins (1). Adhesion to the in-
testinal epithelium has been correlated with the
production of specific antigens. The main adhesins

TABLE II - Results of haemagglutination and scrological tests*

D-mannose haemagglutination Serology
Enterotoxigenic Number of
phenotype  Origin Human Bovine Chicken a-CFAI  a-CFAIl  a-CFAIV strain
LT Paulinia - - + - - - 661
LT Paulinia + - - - - 53012
LT Paulinia + - - - - - 5244-4
LT Paulinia + - - - - - 5312-1
LT O. Preto + + - - - - 312-2
LT 0. Preto + + + - - - 244-1
LT O. Preto + + + - - - 27511
LT 0. Preto - + - - - - 312-3
LT 0. Preto - - + - - - 39A
STa Paulinia + - - - - - 5275-3
STa Paulinia + + - - - - 5372-3
STa Paulinia + + - - - - 5248-4
STa O. Preto + + + + - - 273-2
LT/STa Paulinia - + + - - - 523-4
LT/STa Paulinia - - + - - - 5344-4
LT/STa Paulinia + + - - - 52342
L1/STa Q. Preto - + + - - - 33-1
LT/STa 0, Prcto + + - + - - 228-6
Non-ETEC  Paulinia + - - - - - 5312-1
Non-ETEC  Paulinia - - - - - - 791
Nou-ETEC  Paulinia + + + - - - 5602-1
Non-ETEC  Paulinia + + + - - - 5602-2
Non-ETEC  O. Preto + - - - - - 204-3
Non-ETEC  O. Preto + - + - - - 291-2
Non-ETEC 0. Preto + - + - - - 253-6
Non-ETEC O, Preto + - + - - - 2913
Non-ETEC  O. Preto + - - - - - 248-7

* The other strains were negative.
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reported among human ETEC strains have been
described as fimbrial and/or fibrillar structures,
named generically colonization factors (CF). The
first, CFAI, was described by Evans et alii (11) in
1975 in human ETEC strains, serotype 078:H11.
Many other CFs were further described, such as
CFAII (12), CFAII (8,16), CFAIV (26,27), PCF
(0159 (25), antigen 2230 (9), PCF 0166 (18), CS17
(19), PCF09 (14) and antigen 8786 (2). Several pa-
pers-have been published on the incidence of
CFAI and CFAII among ETEC strains (1,4,17,21),
certainly because they were the first 10 be de-
scribed. Conversely papers concerning CFAIV
have been less frequent, where the frequency of
this adhesin was observed to be around 5-6%
among ETEC strains of human origin (3).

The low frequency of the most known CFs,
found in epidemiological work with human ETEC
from several parts of the world has stimulated sev-
eral researchers 1o look for new adhesins and char-
acterize them, whose fact explains the high num-
ber of morphological, biological and serological
distinct adhesins so far described.

Among human ETEC strains isolated in Bra-
zil only a few authors have studied the frequency
of CFAI and CFAII (21) as well as the possibility
of finding unknown CFs.

In the present work, surprisingly only onc
(273-2, Sta*) out of 123 human E. coli strains has
shown haemagglutination and serological charac-
teristics of the CFAI standard strain. On the other
hand, another ETEC strain (228-6, LT/STa*) also
was scrologically agglutinated by the specific anti-
serum but haemagglutinated only human and bo-
vine RBCs, but not that of chicken.

The low [requency of known CFs in our strains
could be explained by the natural conditions of the
communities studied. Both Paulinia and Ouro Preto
arc cities with populations of less than 100.000 in-
habitants. In larger citics in Brazil, the possibility of
finding known CFs could be different. On the other
hand, as shown in Table I1, there are several other E.
coli strains with diffcrent patterns of hacmaggluti-
nation. However, none of them showed serological
positive reactions for the adhesins studicd. In addi-
tion, the strains 275-1 and 244-1, both LT*, were
able to clump, in the presence of D-mannose, hu-
man, bovine, chicken as well as guinca-pig, sheep
and horsc RBCs (data not shown). It was also ob-
scrved that this hacmagglutination occurred with
bacterial suspensions grown at 37°C, but not at
16°C, a behaviour characteristic of fimbrial CF (1),
Therefore, the low frequency of known CFs among
the 87 ETEC strains studied (2,3% positive), as well
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as the several D-mannose haemagglutinating pat-
terns observed, suggest that is likely the possible
presence of other adhesins, perhaps new ones not
yet described as virulence factors of these strains.

RESUMO

Fatores de colonizacio entre amostras
enterotoxigénicas de Esherichia coli (ETEC),
isoladas de casos de diarréia em criancas nas

cidades de Quro Preto (Minas Gerais) e
Paulinia (Sio Paulo), Brasil.

Foi pesquisada a presenga dos fatores de co-
lonizagdo CFAI, CFAII (CS1-CS3) e CFAIV
(CS4-CS6) em 87 amostras de Escherichia coli
enterotoxigénicas ETEC e 36 ndio ETEC. Todas as
amostras estudadas neste trabalho foram isoladas
de casos de diarréia em criangas abaixo de 12
anos, nas regides de Ouro Preto (MG) e Paulinia
(SP). Apenas duas amostras de Ouro Preto (2,3%
do total estudado), ambas capazes de produzir
STa, apresentaram sorologia positiva para CFAL
Niéo foram encontradas amostras sorologicamente
positivas para CFAII ¢ CFAIV. Verificou-se a pre-
senga de vdrias amostras com caracteristicas hem-
aglutinantes D-manose resistente para uma ou
mais das seguintes hemdcias; humanas, bovinas e
de galinha,

Palavras-chave: fatores de colonizagfio, ETEC,
diarréia infantil,
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EFFECT OF (2,6-0-DIMETHYL) -CYCLODEXTRIN (HEPTAKIS) ON CELL MASS,
PERTUSSIS TOXIN AND FILAMENTOUS HEMAGGLUTININ PRODUCTION IN

THREE BORDETELLA PERTUSSIS VACCINAL STRAINS

Beatriz N, Passerini de Rossi,
Perla 8. Sapia,

Ramoén A. de Torres*

Mirta A. Franco.

ABSTRACT

We have studied the production of pertussis toxin (PT) and filamentous hemag-
glutinin (FHA) by threc Bordetella pertussis vaccinal strains in culture supematants
and in supernatants of cclls washed with high ionic strenght solutions. The strains
were grown in Stainer-Scholie (SS) medium and in a modification of it that we called
CL-basal (CL-b) and in these media with heptakis (2,6-0-Dimethyl B-cyclodextrin
(McBCD)). FHA and PT were estimated by total hemagglutination, differential hem-
agglutination (with cholesterol) and Dot-blot immunoassay. CL-b medium increase
the cellular mass production and would also increase the stability and liberation of he-
magglutinins. The addition of MeBCD to SS or CL-b medium would stimulate the pro-
duction, exportation and stability of PT and FHA. These effects are greater for CL-b
medium and more important for FHA than for PT. We obtained similar results with
the addition of 0,5 or 1 g/l of MefCD to CL-b. Culture supernatants contained FHA
and PT but supernatants of cells washed with high ionic strength solutions contained

basically FHA and would be used to improve its yield.

Key words: heptakis, pertussis toxin, filamentous hemagglutinin.

INTRODUCTION

The cellular vaccine against perlussis, com-
posed of killed Bordetella pertussis cells, has been
associated with many side effects. Some of these
are mild, such redness and fever, but others arc sc-
vere, such neurological damage and death (10). In
response to problems of vaccinc rcactogenicity,
there has been a great interest in B. pertussis, its
compenents, their mechanisms of action, their
role in pathogenesis and their immunoprotective

cffect in order to develop safer vaccines. Strains of
B. pertussis undergo a form of variation, a change
of phase, and only virulent or phase I bacteria syn-
thesize toxins and other factors associated with pa-
thogenicity. These factors include pertussis toxin
(PT) also called leukocytosis promoting factor
(LPF), filamentous hemagglutinin (FHA), adeny-
late cyclase, hemolysin, dermonecrotic toxin, pili,
cytochrome d-629 and scveral outer membrane
proteins such a 69 XDa protein. The expression of
these virulent factors is coordinately regulated and

Citedra de Microbiologfa, Facultad de Farmacia y Bioguimica, Universidad de Buenos Aires, Argentina. Junin 956. Buenos

Aires. Capital Federal, (1113).

* Member of the Research Career. Consejo Nacional de Investigaciones Cientificas y Técnicas. Argentina.
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requires the products of the bvg locus (Bordetella
virulence gene). Alternative virulence states occur

by two mechanisms, phase variation and pheno-

typic modulation. Phase variation is due to a low-
frequency, very rarely reversible, alteration in the
bvg locus (a frame shift mutation for Tohama III
strain). Phenotypic modulation is a reversible re-
sponse to environmental conditions. Growth at
low temperature (28°C instead of 35°C) or in the
presence of high concentrations of MgS0, or nico-
tinic acid results in an avirulent phenotype (2).

Many antigens of B. pertussis have been pur-
ified and tested in animal models, and only de-
toxified pertussis toxin (PT) gives a protection
similar to that of the cellular vaccine. Other anti-
gens that individually are not able to induce full
protection in animal models, increase the efficacy
of PT, i.c., FHA, an outer membranc protein (69
KDa) and the pili or fimbriae. A number of acel-
lular vaccines have been proposed where detoxi-
fied PT has been used in animal models and in
clinical trials alone or associated with FHA, with
FHA plus a 69 KDa protein or with these anti-
gens plus agglutinogen-2 (fimbriac) (9). Different
acellular vaccines arc made by laboratories of
Canada, France, United States, Britain, Germany,
Italy and Japan (5, 9). They arc in diffcrent steps
of development and only Japan adopted and li-
cenced such products for both primary and boost-
er doses. The japanese vaccine (14) contains basi-
cally PT and FHA, which arc purified from
culture supernatants of phase I B. pertussis culti-
vated in Stainer-Scholte medinm (15). However,
the production of PT in this medium is rather dif-
ficult, espccially in shake culturcs. Onc rcason
could be the susceptibility of B. pertussis 10 in-
hibitors present or produced in liquid medium, in-
cluding sulfur, fatty acids and peroxides (16). To
overcome growth inhibitors Imaizami ct al. have
developed a medium  with heptakis  ((2,6-0-
dimethyl) B-cyclodextrin(MefCD)). This medium
is a modification of SS medium and they desig-
nated it as cyclodextrin liquid (CL) medium (7).
The CL medium stimulated cell growth and the
production of PT and FHA in shake culturcs of
B. pertussis Tohama phase I (7, 8).

Phase I strains of B. pertussis produce two
distinct hemagglutinins: PT and FHA, which can
agglutinate chicken, goose and horse red blood
cells (1, 13). The purificd FHA has a specific hem-
agglutinating activity greater than ten times of PT
(4). Only the hemagglutination of FHA is inhibit-
ed by micromolecular concentrations of choleste-
rol (13). This fact cnable us to determine the rela-
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tive contribution of each hemagglutinin to the total
hemagglutinating activity.

This communication describes the effect of
the addition of different concentrations of MeCD
to SS and CL-basal (CL medium without MeBCD)
media, inoculated with three vaccinal strains of B.
pertussis. We have evaluated stimulation of cell
growth and enhancement of PT and FHA produc-
tion. Since these hemagglutinins can be found in
supernatant liquid cultures and can be extracted
casily from young agar-grown cells with 2M sodi-
um chloride (11) we have measured the produc-
tion of these exportable antigens not only in cul-
ture supernatants but also in supernatants of cells
washed with high ionic strength solutions in order
to determine the residual activity associated with
the cellular surface.

MATERIALS AND METHODS

Bacterial strains: B. pertussis Tohama phase
I, was obtained from Yuji Sato (National Institute
of Health, Tokio, Japan). Two other vaccinal
strains, B. pertussis 10536 Kendrick Eldering
(ATCC 10380) and 40103, were obtained from
Laboratorio Central de Salud Pdblica de la Provin-
cia de Bucnos Aires, La Plata, Argentina.

Media: Solid medium: Bordet-Gengou agar
(BGA), contained BGA base (Difco); glycerol:
1% (v/v); Protcose-peptone (Difco): 1% (w/v) and
freshly citrated horse blood: 13% (v/v).

Liquid media: Stainer-Scholte (SS) and CL~
basal (CL medium without MeCD) and these me-
dia with 0.5 or 1 g/l of MeBCD. The compositions
of the media are listed in Table 1.

'ABLE 1 - Composition of SS and CL-basal media. The re-
marked figures indicate the differences between these media

Component SS CL-basal
e gD
Sodium L-glutamate 10,7 10,7
L-proline 0,24 0,24
NaCl 2,5 2,5
KCl 0,2 0,2
KPQOall2 0,5 0,5
MgCl. 6 IO 0,1 0,1
CaCl2 0,02 0,02
Tris 6,1 6,1
L-cysteine(*) 0,04 0,04
FeSOa. 7 H20 (*) 0,01 0,01
Niacin (*) 0,004 0,004
Glutathione (reduced) (*) 0,10 0,15
Ascorbic acid (*) 0,02 0,40
Casamino Acids - 10,00
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Culture: strains stored frozen at -20°C with
glycerol -15% (v/v ) were grown up on plates of
BGA for 72 h at 35°C. Cells were harvested into
SS medium without supplements and used as seed
suspension to inoculate the culture medium indi-
cated in each experience (30 ml of medium in a
250 ml Erlenmeyer flask). The optical density
(0.D.) was adjusted to about 0.250 at 530 nm
(Metrolab 1700 spectrophotometer). Incubation
was carried out in a shaker (Gyratory Bath Shaker
G76, New Brunswick Scientific Co. Inc., Edison,
N. J., USA) at 150 rpm, at 35°C and during the
time indicated in each experience.

Culture supernatants (CS) and superna-
tants of cells washed with high ionic strength
solutions (SCW): 1 ml sample of the correspond-
ing medium was taken at different times of incuba-
tion and centrifuged at 13,500 g for 10 min to ob-
tain the CS. The pellet was resuspended in 1 ml of
1 M sodium chloride 0.1 M phosphate buffer (pH
7.0), incubated 24 h at 4°C and centrifuged in the
same condition to obtain the SCW. The samples
were stored frozen at -20°C performing the differ-
ent assays.

Hemagglutination assay: it was assessed in
round-bottomed microtiter plates. Fifty microliters
of the sample was serially twofold diluted in the
microtiter plate in 50 nM mono- and disodium
phosphate-buffered 0.85% sodium chloride, pH
7.5 (PBS). Then, an equal volume of a 0.7% (v/v)
suspension of washed horse erythrocytes was add-
ed to each well. The suspensions were mixed thor-
oughly by tapping the plate and then allowed to
stand for 1 to 2 h before reading. Endpoints were
recorded as the last dilution to show disruption of
erythrocytes sctiling.

Inhibition of hemagglutination due to FIIA
with cholesterol 125 pM: the differential assay
was done as describe above, except that after the
dilution of the sample with PBS, an equal volume
of 250 uM cholesterol was added ( a uniform sus-
pension of cholesterol was made by dissolving it
in 99% ethanol and then diluting the suspension to
250 uM in PBS at 50°C while vortexing). After 15
min at 23°C, 50 pl of erythrocytes was added.
Endpoints were recorded as the last dilution to
show disruption of crythrocytes scttling.

Preparation of antibodies to FIIA and PT:
white rabbits weighing about 3 kg were immu-
nized with FHA or PT (Sigma) detoxified by the
method described by Munoz (12). Previously, the
rabbits were bled to determine absence of total an-
tibodics against B. pertussis. Immunization was
performed with PT (10 ug/0.5 ml of a solution of
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20 mM sodium phosphate, 0.5 M sodium chloride,
0.2M L-lysine, pH 7.6) or FHA (25 pg/0.5 ml of a
solution of 20 mM sodium phosphate, 0.5 M sodi-
um chloride, pH 7.6) with 0.5 ml of complete
Freund adjuvant. The animals were injected sub-
cutaneously. After 14 and 28 days, boosters of the
antigens were injected and 20 days later the rab-
bits were bled twice a week during 3 months. The
sera were titrated by ELISA. For Dot-blot assays
we used the anti-FHA serum (17,857 UE/ml) ob-
tained 62 days post immunization and diluted 800-
fold in TS-BSA; and the anti-PT serum (32,780
UE/ml) obtained 21 days post immunization and
diluted 2,000-fold in TS-BSA.

Dot-blot immunoassay: the nitrocellulose fil-
ters were placed in a solution of 50 mM Tris hy-
drochloride- 150 mM NaCl (pH 7.4) (TS) 30 min
before beginning immunodetection procedures. A
96-well Filtration Manifold was assembled with
the nitrocellulose filter and 100 ul of the sample or
dilutions of it in TS were applied by vacuum, in-
cluding 100 pl of TS as a control. The samples
were diluted 1:50, 1:250, 1:1250, 1:6,250 and
1:31,250 to detect FHA; and 1:5, 1:10, 1:50 and
1:100 to detect PT. The wells were washed with
200 pl of TS and then blocked with 60 ul of TS
with 3% (w/v) bovine scrum albumin (TS-BSA)
for 60 min. The wells were washed twice with 200
1l of TS and the filter was removed from the man-
ifold. The filter was incubated with the primary
antibody, anti-FHA or anti-PT, for 60 min, fol-
lowed by two 30-min washes with TS. Then, the
filter was incubated 60 min with biotinylated goat
anti-rabbit Ig-G (BRL) diluted 1:1,000 in TS. Af-
ter 3 washes with TS, the filter was incubated 60
min with streptavidin-horseradish  peroxidase
(BRL) diluted 1:1,000 in TS. Five 15-min washes
with TS followed the incubation with the conju-
gate, The enzime reaction was started by the addi-
tion of TS containing 4-chloro-1-naphthol and
H,0,. Positive reaction appeared as blue dots on
the filter, When the reaction was complete, the [il-
ter was washed with distilled water (6).

RESULT AND DISCUSSION

1) B. pertussis cultures in SS and CL-b media.
Lffect of the addition of MeBCD,

B. pertussis 10536 was grown in SS and CL-b
media in these media with the addition of two con-
centrations of MefCD: 1 g/, which was recom-
mended by Imaizami (7-8), and 0.5 g/1. The bacte-
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rial cell mass production was estimated by the
O.D. of the cultures at 530 nm. The production of
PT and FHA was estimated by hemagglutination,
inhibition of hemagglutination due to FHA with
cholesterol and Dot-blot immunoassay, in culture
supernatants (CS) and in supernatants of cells
washed with high ionic strength solutions (SCW).
These parameters were cvaluated at different times
of incubation.

A) Bacterial cell mass: the growth rate and
the baterial cell mass obtained in the stationary
phase in CL-b medium were greater than that ob-
tained in SS medium. The addition of 0.5 or 1 g/l
of MeBCD to these media did not significatively
modify the O.D. values obtained without this
compound. (Fig. 1). CL medium, a modification
of the synthetic medium SS, contains a higher
concentration of ascorbic acid and glutathione and
incorporates casamino acids and MeBCD. Imaizu-
mi et al. (7) suggest that casamino acids and
MecBCD improve cell growth. However, our re-
sults suggest that MeBfCD would not be responsi-
ble of these improvement.

0.D. (530 nm)
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crease after the early stationary phase. In this me-
dium the HA activity was greater in SCW than
in CS (Table 2). These results are not due to the
higher ionic strength of SCW since the presence
of NaCl 1M did not modify the HA titers of CS.
The ratio of specific HA activity of SCW to CS
was even greater because the protein concentra-
tion was much lower in SCW than in CS (data
not shown). The HA activity of SCW corre-
sponds to the hemagglutinins associated to the
cell surface and liberated by the high ionic
strength solutions. The addition of MeBCD to SS
medium enhanced the HA titers and the effect
was greater with 1 g/l of MeBCD. This effect
could be due to an improvement in hemaggluti-
nins production and or exportation. The MeBCD
also prevented the decrease in the HA titers the
early stationary phase, Imaizumi et al. (7) sug-
gest that MeBCD protects PT against degradation
even after 72 h of incubation when partial cell
lysis was obscrved. Another effect of MeBCD
was a dilferent response of cells washed with
high strength ionic solutions, producing HA titers

3.5
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(¥) CL-basal (CL-b) medium; (@) CL-b medium with 0,5 g/l of MePCD; () CL-medium with 1 g/l of )

McpCD.

FIGURE 1 - Growing of B. perfussis 10536 in different media.

B) Total Hemagglutinating (HA) activity:
The HA activity in the SS medium was found to
increase throughout the logarithmic phase of
growth, rcach a maximum and then rapidly de-

of SCW rarely higher than those of the corte-
sponding CS (Table 2). This result suggest that
MeBCD would improve the liberation of hemag-
glutinins to the culture medium. '
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TABLE 2 - Hemagglutinating activity, with and without cholesterol 125 MM, of culture supematants (CS) and supernatants of cells
washed with high ionic strength solutions (SCW) of Bordetella pertussis 10536 grown in SS with MeBCD.

Incubation Ccs SCW
(hours) S8 SS+MeBCD - SS+MeBCD SS SS+MeRCD  SS+MeBCD

0,5 gy (1,0gM) ©5gM 1,0g)

HA titer® HA titer
Chol.b - + - + - + - + - + - +
5 0 0 0 0 0 0 0 0 16 0 0 0
19 8 4 8 4 32 8 16 1 64 4 16 1
26 16 8 32 16 128 16 64 1 64 4 64 4
43 8 4 128 32 256 32 4 0 128 8 64 0
51 4 1 128 32 512 32 1 0 128 1 64 0

a= the results are expressed in hemagglutination units per 50 pl of sample.

b=samples treated without (-) or with (+) cholesterol.

TABLE 3 - Hemagglutinating activity, with and without cholesterol 125 pM, of culture supernatants (CS) and supematants of cells
washed with high ionic strength solutions (SCW) of Bordetella pertussis 10536 grown in CL-b medium and in CL-b with MeBCD.

Incubation (&) SCW
(hours) CL-b  CL-b+MeBCD CL-b+MeRCD CL-b CL-b+MeBCD CL-b+MeCD
0,58/ 1,0eM ©,5 ) (1,0
HA titer® HA titer

Chol.b - + - + - + - + - + - +

5 0 0 2 0 0 0 0 0 0 0 1 0

19 8 1 128 16 64 16 8 1 256 2 64 1

26 16 8 256 64 512 32 16 1 256 4 256 4

43 32 8 512 64 512 64 16 1 512 4 128 2

51 : 32 8 1024 o4 1024 64 8 0 256 2 128 2

a= the results are expressed in hemagglutination units per 50 pl of sample.

b= samples treated without (-) or with (+) cholesterol.

In contrast, the HA activity in CL-b medium

was found to incrcase with the incubation time
- and to be highest in CS of stationary phase., This
fact suggest that not only MeBCCD but also oth-
er components of CL medium contribute to the
hemagglutining stability and liberation. The addi-
tion of MeBCD to CL-b medium enhanced the
HA titers and the effect was greater than that ob-
served in SS medium (Tables 2 and 3). Imaizumi
et al. (7) propose that MefCD enhances the pro-
duction of PT by absorbing some growth inhibi-
tors and acting as a stabilizer to assist glutathi-
one, an essential component for PT production.
This second reason could explain the better effect
of adding McfCD to CL-b medium which con-
tains 1.5 times the amount of glutathione con-
tained in SS medium. The addition of 0.5 or 1 g/
1 of MeBCD to CL-b medium resulted in a simi-
lar effect (Table 3). The concentration of MeBfCD
in CL medium developed by Imaizumi et al. (7-
8) is 1 g/l, the reduction of this component to 0.5
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g/l could be important in the acellular vaccines
production because of its high cost.

C) Inhibition of hemagglutination due to
FHA with cholesterol: this technique was used
to asses the contribution of FHA and PT to the
total HA activity. The enhancement in the HA tit-
ers of CS observed when MefCD was added to
SS or CL-b medium was principally due to an in-
crement in the FHA production and or exporta-
tion, as it will be noted comparing the HA titers
with and without cholesterol (Tables 2 and 3).
The diminution of the HA titers in presence of
cholesterol was greater for SCW than for CS; in-
deed, the HA activity of SCW was basically due
to FHA (Tables 2 and 3). FHA is a bacterial sur-
face adhesine, that mediates binding of the bacte-
ria to erythrocytes and other eucaryotic cells, and
it is also an exportable protein. In CL-b medium
and in media with MeBCD the HA titers of SCW
were rarcly higher than those of the correspond-
ing CS. So that, the effect of liberation of hemag-
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glutinins associated to the cell surface is mainly
on FHA. However, the HA titers of SCW were
high enough to propose the use of CS plus SCW
to improve the FHA yicld.

D) Dot-blot immunoassay: we obtained the
same level of PT in samples of cultures incubated
43 hs in CL-b with 0.5 (CL-0.5) and 1 g/1 of
MeBCD (CL-1) and in SS with 0.5 g/l of MeCD
(85-0.5) (Table 4). The level of PT in CS was
greater than in SCW, instead the level of PT in
SCW was very low. This is according to the fact
that HA activity of SCW was basically due to FHA
as shown by HA with cholesterol. On the other
hand, we obtained the same level of FHA in CS

TABLE 4 - Production of FHA and PT, evaluated by total and
diferential hemagglutination and Dot-blot immunoassay, in cul-
ture supernatants (CS) and supernatants of cells washed with
high ionic strength solutions (SCW) of Bordetella pertussis
10536 grown in differcnt liquid media (43 hs of incubation).

Culiure HA titer2 Dot-blot (PT) Dot-blot (FIIA)
Medium
CS SCW CS SCw CS SCW
Chol? - + -+ Numbers indicate the last dilu-
tion that shows positive reaction
SS+0,5
g/l MeRCD 128 32 128 8 1/50 1 1/1.250 17250
CL-b+0,5
¢/l MeBCD 512 64 512 4 1/50 1 1/1.250 1/1.250
CL-b+1.0

g/lMeBCD 512 64 128 2 1/50 1 1/1.250 1/1.250

a = the results arc expressed in hemagglutination units per 50
1l of sample.
samples treated without(-) or with (+) cholesterol 125uM.

b
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and SCW of CL-0.5 and CL-1. Hence, SCW con-
stitite an important source of FHA. The value of
FHA was lower in SCW of SS-0.5 than in the cor-
responding CS but it was still important (Table 4).

2) Production of bacterial cell mass, PT and
FHA Dby three vaccinal strains of B. pertussis in
CL-~0.5 and SS media.

The data shown in Fig. 1 and Tables 2, 3 and
4 led us to chose the CL-0.5 medium to increase
the cell mass, PT and FHA production. We used
SS medium as a reference. Cultures of B. pertussis
Tohama phase I, 10536 and 40103 in these media
were evaluated, at different times of incubation, -
for bacterial mass production (by the O.D. of the
cultures at 530 nm) and for the production of PT
and FHA (by total and differential hemagglutina-
tion, and Dot-blot immunoassay). These parame-
ters were evaluated in CS and in SCW.

A) Bacterial cell mass: as we have shown
with B. pertussis 10536 (Fig. 1), CL-0.5 medium
increased the cell mass production for the three
strains respect to SS medium (Table 5).

B) Total HA activity: accordingly with the
data obtained with B. pertussis 10536 (Tables 2
and 3), the HA activity of the three B. pertussis
vaccinal strains in SS medium was found to in-
crcase throughout the logarithmic phase and de-
crease after the early stationary phase of growth till
be undetectable within 96 h of incubation (table 5).
The HA activity in CL-0.5 medium increased
throughout this time of incubation showing an im-
portant elfect over the hemagglutining stability.

TABLE 5 - Total and diffcrential hemagglutinating activity of culture supernatants (CS) and supernatants of cells washed with high
jonic strength solutions (SCW) of three Bordetella pertussis strains grown in SS and CL-0,5 media.

Strain Incubation O.D. SCW
(530 mm) HA titer® HIA titer
(hours) Chol*() T N o NN © S M ¢ N )
SS CL-0,5 SS CL-0,5 SS CL-0,5 SS CL-0,5 SS - CL-05
24 1.455 1.606 4 o4 2 16 32 128 2 2
Tohama 48 1.843 2.363 1 1024 0 256 16 128 2 2
phasc I 96 1.8%0 2.552 0 2048 0 256 0 64 0 1
24 1.323 1.436 16 128 8 16 . 64 ‘ 128 2 2 ‘
10536 48 1.985 2.457 16 512 8 128 16 128 1 2
96 2.079 2.646 0 1024 0 128 0 16 0 0
24 1.606 1.985 32 64 16 16 4 04 1 . 1
40103 48 1.985 2.457 32 128 8 32 2 128 0 . 2
96 1,985 2.457 0 128 0 32 0 0 0 0

a= the results arc expressed in hemagglutination units per 50 Ul of sample.

b= samples treated without (-) or with (+) cholesterol 125ul.
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The CL-0.5 medium strongly enhanced the produc-
tion and or exportation of hemagglutinins respect
to SS medium. This effect was greater for B. per-
tussis Tohama phase I and 10536 than for B. per-
tussis 40103 (Table 5). The HA activity in SS me-

dium was greater in SCW than in CS except for B.
nertussic 40102 In contragt in CT.-0.5 medinm the

PO oo TU LU, 12t VULILLQOE, 232 \rda™ U JAAVAILELE WX

HA titers of SCW were rarely higher than those the
corresponding CS. This fact confirms the effect of
CL medium, specially MepfCD, in the liberation of
antigens associated to the coll surface.

C) Inhibition of hemagglutination due to
FHA with cholesterol: again, as we have shown
in Table 3, the great increment in HA titers of CS
in CL-0.5 was due principally to an increment in
FHA production and or exportation; only 12.5 to
25% of the total HA activity was due to PT (Table
5). The proportion of FHA to PT in SCW was
higher than in CS; for CL-0.5 medium the contri-
bution of PT to the total HA activity in SCW was
only 1.56% (Table 5). This was true for the three
vaccinals strains of B. pertussis and confirms that
the HA activity of SCW is basically due to FHA.

Rev. Microbiol., Sdo Paulo, 25(1), 1994

and the two procedures are not necessarily equiva-
lent as was confirmed by Brown and Parker (3).
This fact could explain some discordances as
those observed in Tables 5 and 6 where at 96 h of
incubation in SS medium no HA activity was de-

tected whereas a FHA level was detected by im-
onoblot. The prolonged incubation could affect

AROHVIOL. LIIC PIOLIOLR0A 210ARVaAUNL LUV QLILL

the HA activity but not the epitopes recognized by
the antiserum.

The data shown in this study suggest that the
improvement in cell mass observed in CL medium
would be due to some modifications respect to SS
medium, specially the addition of casamino acids,
but not to the MeBCD. On the other hand, the im-
provement on PT and FHA produciion and or ex-
portation would be mainly due to MeCD. The en-
hancement in stability and liberation of PT and
FHA, specially FHA liberation from the cell sur-
face, would be due to modifications in CL medi-
um including the addition of MeBCD.

CL medium improves the liberation of FHA
from the cell surface but the use of high ionic
strength solutions is still necessary to liberate

TABLE 6 - Production of FHA and PT, evaluated by Dot-blot immunoassy, in culture supernatants (CS) and supernatants of cells
washed with high ionic strenght solution (SCW) of three Bordetella pertussis strains grown in SS and in CL-0,5 media.

CS SCW
Dot-blot Dot-blot
Strain Incubation FIIA2 b FIA
(hours)
SS CL-0,5 SS CL-0,5 SS CL-0,5 SS CL-0,5

24 1/5 1/1250 1/10 1/100 1/250 1/1250 1 1/5
Tohama 48 1/5 1/6250 1710 1/100 1/250 1/6250 1 1
phase 1 96 1/250 1/6250 1/10 1/100 1/50 1/1250 1 1
‘ 24 1/5 1/1250 1/10 1/100 1/50 1/250 1 1/5
10536 48 1/250 1/6250 1/10 1/100 1/50 1/1250 1 1

96 1/250 1/6250 1/10 1/100 1/5 1/250 1 1

24 1 1/1250 1/10 1/50 1 1/1250 1 1/5
40103 48 1/50 1/6250 1/10 1/50 1/5 1/1250 1 1/5

96 1/250 1/6250 1/10 1/50 1/5 1/50 0 1

2 and b = the Dot titers correspond to the last dilution of the sample that shows a positive reaction.

D) Dot-blot immunoassay: CL-0.5 medium
enhanced the production and or cxportation of
FHA and PT respect to SS medium (Table 6). This
effect was greater for FHA than for PT. The PT
level was very low in SCW confirming that FHA
is their principal component as it was shown by
differential HA.

The HA assay measured activity, whereas im-
munoblots provided estimates of antigen levels,
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important amounts of this protein. Hence, we
propose the use of CS plus SCW to increase the
FHA yield.

Since we have observed similar results by
adding 0.5 or 1 g/l of MeBCD to CL-b medium
and because of the high cost of this cyclodextrin,
we propose the use of CL-0.5 medium to im-
prove cell mass, PT and FHA production in B,
pertussis.
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MYXO AND PARAMYXOVIRUS SURFACE STRUCTURES: ANTIGENIC AND
FUNCTIONAL STUDIES A
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SUMMARY

The presence of specific carbohydrates on viral surface structures, developing an
important role in their biological processes, was analysed using Newcastle Discase Vi-
ruses (SO-93, B, and La Sota strains) and Influenza virus (A/Influenza/PR/8/34

(H,N,) strain) as models.

Virus samples were concentrated by sedimentation process, purified by tartrate
gradient, they were washed through another sedimentation step and evaluated by their
protein content, hemagglutination titer and carbohydrate residues. This study devel-
oped with lectins and specific sugars could show carbohydrates as essential elements
of virus surface structures, which were revcaled for inhibition of precipitation lines
among concanavalin A and Newcastle Disease Virus specific scrum.

Key words: orthomyxovirus, paramyxovirus, influenza Newcastle disease virus.

INTRODUCTION

Envelope structures of RNA viruses as In-
fluenza and Newcastle Discase Viruses (NDV)
present glycoproteins that arc responsible for
biological activitics such as those associated
with adsorption, fusion and [inal cleavage pro-
cess between virus structurcs and cells. Those
activities arc developed for HA (Hemagglutinin)
and NA (Neuraminidasc) structures of Influenza-
viruses, responsible by the adsorption/fusion and
cleavage (sialidase) functions, respectively.
These same activities among Newecastle Disease
Viruses are carry out for HN (Hemagglutinin-
Neuraminidase) and F (Fusion protein) glycopro-
teic structures, which are inserted into their li-
poproteic envelope (17).

Carbohydrates residues have important func-
tion as structural elements of those glycoproteic
spikes described above with primordial role for
their biological activities and during their stability
and process of maturation. Direct correlation
among extension of glycosilation process and bio-
logical activitics of HA and NA spikes has already
been reveled (12, 17, 19, 20). The sequences of
aminoacids of those surface glycoproteic spikes
determinate the specificity and localization of car-
bohydrate residues on their binding sites (5, 9, 26).

In the study on the character of those carbohy-
drates, many methodologies have been used. Lec-
tin methodologies have already utilized as impor-
tant tools for identification processes of
carbohydrate residues (5, 6, 9, 13, 14, 16, 24, 27),
including those on enveloped virus surfaces (5, 7,

L. Departamento de Virologia - Instituto de Microbiologia - Ilha do Fundio - Centro de Ciéncias da Sadde - Bloco I - Ilha do
Tunddo - Caixa Postal 68040 - CEP 21941-590 - Rio de Janeiro - RJ.

* author for which must be sent the correspondence.

24



Couceiro, E. dos S. S. et al

8, 22). Concanavalin A, a lectin that has specific
affinity to manopyranoside, glycopyranoside or
fructopyranoside residues have shown interaction
with membranes of NDV infected cells (23).

HN and F Newcastle Discase Virus structures
have been analysed by glycosilase activity and af-
finity chromatography technique showing pres-
ence of D-mannose, D-galactose, L-fucose and N-
acctyl D-glycosamine residues in diffcrent per-
centages (9). Those carbohydrate residues on viral
functional structures have been studied for their
antigenic character, showing the carbohydrate resi-
dues as responsible for host system-Influenza vi-
rus cross antigenicity (28).

In this study, a more extensive analysis was
projected to be developed about the character of
carbohydrates present on surface structures of se-
lected virus samples and its influence on the func-
tional and antigenic activitics of thosc virus. Meth-
ods for analysis of the interaction processes
among viruses, cell receptors and antibodies using
simple techniques and lecting were used as tools.

MATERIALS AND METHODS
1. Materials:
1.1 Virus samples:

1.1.1 Newcastle Disease Virus (NDV) - The
following samples were studied:

- SO-93 velogenic sample that was provided by
Dr. Ary Moreira de Souza, Dept. Virologia,
Embrapa, RJ, Brazil;

- B, and La Sota (LS) lentogenic {vaccinal) sam-
ples.

1.1:2 Influenza A virus - Influenza A/PR/8/34
(H;N,) sample was studied.

1.2 Erythrocytes: goose erythrocytes were
used after collection in Alsever solution, three
washing steps (8) and adjusting to 0.5% concentra-
tion (PBS-pH 7.,0).

1.3 Detergent (1): 0.2% Nonidet P-40 was
used as detergent solution.

1.4 Lectins: different concentrations of Sig-
ma's concanavalin/Con A (400, 200, 100 and 50
ug/ml in PBS-pH 7.0) and PNA (4 pg/ml in PBS-
pH 7.0) werc utilized. Arachis Hypogaca (pcanuts
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lectin/PNA) was prepared as indicated for Lothan
etal. (15).

1.5 Inhibitor Carbohydrate: 1.5 M alpha-
methyl mannoside (Sigma) was used at 0.3 M fi-
nal concentration as specific inhibitor to concanav-
alin A.

1.6 Serum: NDV immune serum against B1
sample was obtained from chicken, treated and ti-
tered by hemagglutination inhibition test (8).

2. General Methods:

2.1 Concentration and Purification Process-
es: virus samples were inoculated into allantoic
cavity of 10-day-old embryonated chicken eggs
and incubated for 48 hours at 37°C (8). Then, al-
lantoic fluids were harvested and clarified by
centrifugation at 7,500 x g for 30 minutes at
4°C. These clarified samples were 50 x concen-
trated by ultracentrifugation at 50,000 x g for 60
minutes (4°C), with final dilution of the pellet in
Phosphate Buffer Solution (PBS) pH 7.0. The
purification process was developed in potassium
tartrate-glycerol (40% sucrose in 5% glycerol)
density gradient by ultracentrifugation at 180,000
x g for 120 minutes at 4°C.

Virus bands were collected and after dilution
(1:10 in 2 mM EDTA, PBS pH 7.0) they were
spinned again at 50,000 x g for 60 minutes. The
pellets were rediluted with PBS-EDTA and kept at
20°C until using (18).

2.2 Protein Dosage (3): Bradford method, us-
ing 0.1 ml of virus sample and 1.0 ml Coomassie
Brilliant Blue was used.

2.3 Electron Microscopy: negative staining
technique (10) and Phillips 301 Electron Micro-
scopc were used.

2.4 Hemagglutination Test: test samples (25
ul) were diluted serially in PBS 25 pl volumes and
to each virus dilution was added of 25 pl volumes
of 0.5% goosc erythrocytes with 0.2% bovine al-
bumine. The reactions were read after 2 hour incu-
bations at 4°C, titers were considered as the recip-
rocal of the highest virus dilution responsible by
total hemagglutination (8).

2.5 Preparation of slides for Double Immuno-

diffusion Test (4): slides were prepared using 1.2
ml volumes of melted 2.5% Noble Agar (Difco) at
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42°C mixed with 1.8 ml volumes of heated 10 x
PBS. This mixture was used to prepare the agar
slides, which were cut with a 4 mm diameter mod-
¢l with 7 cavities, one of them in central position.
The agar was aspirated from the cavities and the
slides kept in humid chamber till using.

3. Specific Methods for Analysis:
3.1 By Hemagglutination Test (HA):

Quantitative Evaluation (21) :the best concen-
tration concanavalin A for each virus preparation
was evaluated - 0.2 ml of different lectin cencen-
trations were mixed with 0.2 ml of each viral puri-
ficd preparation and incubated for 1 hour at room
temperature (25°C).

After incubation, those materials were centri-
fuged at 2,500 x g at 4°C for 20 minutes. After
these procedures, 0.1 ml volumes of alpha-methyl
mannoside were added at the supernatants and the
pellets were eluted to original volumes with the
same carbohydrate. The reaction presence was
evaluated by hemagglutination test simultaneously
with 3 series of controls of reaction:

1%, virus preparation + alpha-methyl manno-
side;

2, virus preparation + Con-A + alpha-
methyl mannoside;

34 Con-A + alpha-methyl mannoside.

kinetics Evaluation: kinetics of that rcaction
was evaluated as above. Samples were collected
after 5, 15, 30 and 60 minutes.

The test was developed as above, with cen-
trifugation at 2,500 x g and addition of alpha-
methyl mannoside at the supernatant and pellet to
stop the reaction. This kinctics evaluation was
developed with the A/PR/8/34 sample of Influen-
zavirus.

3.2 By observation of Agglutination in tubes:
different viral dillutions (neat, 1:2, 1:4 and 1:8) in
PBS-pH 7.0 were incubated with equal volumes
(0.2 ml) of concanavalin A (100 pg/ml). The reac-
tions were observed after 1 hour incubation at
room temperature. A comparative study was de-
veloped with LS sample of NDV, using concanav-
alin A and PNA.

3.3 By Electron Microscopy: 1:2 dilution of
La Sota samplec was incubated with 100 ptg/ml
concanavalin A as above, for 1 hour at room tem-
perature and the reaction was observed by electron
microscopy.
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3.4 By Immunodiffusion Test (25): in a first
step, viral samples were treated with equal vol-
umes of 3 types of detergent solutions already pre-
sented, 0.2% Nonidet P-40 was chosen as the best
detergent solution to disrupt the virus structure (re-
sults not shown).

Concanavalin A at 400 ug/ml in PBS-pH 7.0
and NDV-serum with titer of 160 by Hemaggluti-
nation Inhibition Test were utilized in this Double
Immunodiffusion Test. NDV serum and NDV vi-
rus antigen samples (15 pl) were distributed in the
slides, as can be observed in the Figures 1 and 2
(Results), finally they were incubated for 24 hours

. at4°C in humid chamber.

Then, the slides were washed, by overnight
immersion (0.85% NaCl with 0.01% sodium
azide) and the cavities were filled with 2.5% agar.
They were covered with filter paper and dryed at
37°C. The dryed slides were stained with 0.1%
Ponceau Solution for 30 minutes, destained with
0.2% acetic acid and observed (11).

RESULTS

1. Study of Virus-Lectin Interactions by Hem-
agglutination Test: the results of quantitative studies

TABLE 1 - Quantitative evaluation of Con. A-N and Con. A-
Influenzavirus interactions by hemagglutination test.

HA Titer/25 pl with different

Virus Con. A Concentrations (g/m1)
Virus Controls
Samples  (HAtiter/25 pI) 200 100 50
A.NDV
1. La Sota
supernatant 512 8 64 128
pellet ND 64 8 4
2. 5093
supernatant 256 32 64 128
pellet ND 8 4 4
3.B,
supernatant 128 8 32 ND
pellet ND 16 4 4
B. Influenza
A/PR/8/34
supernatant 1024 2 8 8
pellet ND 256 256 ND
C. Negative
Control - <2 <2 <2
Con. A+Methyl
mannoside
ND - not done
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TABLE 2 - Kinetics evalutation of Con. A-Influenzavirus in-
teractions by hemagglutination test.

HA Titer/25 pl
Time of reaction (minutes)
Samples
Tested 0 5 15 30 60

A/PR/8/34+PBS 512 - - - -

A/PR/8/34
+ methyl mannoside 256 - - - -

A/PR/8/34 + Cont. A
supernatant - 128 32 16 16
pellet - 128 256 256 512

virus sample - 70 pig protein/ml
Con. A - 100 pg protein/ml
(-) negative

on the interaction process between concanavalin A,
Influenza and NDV samples are showed in the Ta-
ble 1. They are expressed by hemagglutination titer
per 25 pl. Table 2 exhibits results from kinetics stud-
ies on the concanavalin A- virus particle interaction,
after 5, 15, 30 and 60 minutes of incubation, using
aninfluenzavirus sample (A/PR/8/34) as model.

2. Study of Virus-Lectin Interactions by Ob-
servations of Agglutination in Tubes - results of
agglutination between lectin, Influenza A and
NDYV samples arc showed in the Table 3. They are
expressed as positive or negative reactions of hem-
agglutination, revealing presence or ausence of in-
teraction among virus particles and lectins (conca-
navalin A and PNA).

3. Study of Virus Particle-Lectin Interactions
by Electron Microscopy: the Figure 1 shows inter-

TABLE 3 - Analysis on Con. A-Virus and PNA-Virus interac-
tions by observation of agglutination in tubes.

Agglutination results -
Virus Dilutions

Virus
Samples Lectin Neat 1:2 1:4 1:8
A/PR/8/34 Con. A + + + ND
B;NDV Con. A + + - ND
LSNDV Con. A + + + ND
PNA + + + ND
S0O-93 NDV Con. A + + ND -

Protein concentrations: A/PR/8/34 - 50 pg/ml
B, NDV - 135 pg/ml
SO-93 NDV - 124 pg/ml
LS NDV - 370 pg/ml

(+) positive
(-) negative

ND - not done
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FIGURE 1 - Eletronic micrography showing La Sota sample
of NDV and Con. A interactions (34,000 x - 1 cm = 294 mm).

©O
O @)@
®®

A B
C B sample + 0.1% Nonidet ~ C' B; sample + 0.1% Nonidet
P-40 P-40

1 400 pg/ml Con.A 1' neat NDV serum

2 200 pug/ml Con.A 2' 1:2NDV serum

3 100 pug/ml Con.A 3' 1:4 NDV serum

4 50 pg/ml Con.A 4’ 1:8 NDV serum

5 25 pg/ml Con.A 5' 1:16 NDV serum

6 12.5 pg/ml Con. A 6' 1:32 NDV serum

FIGURE 2 - Scheme of double immunodiffusium test - identi-
ty studies among B, sample of NDV and different Con. A and
serum dilutions.

action between NDV (La Sota sample) particles and

concanavalin A by electron microscopy technique.
4, Study of Virus Particle-Lectin Interac-

tions by Double Immunodiffusion Test with

27



Couceiro, E. dos S. S. et al

NDV Policlonal Serum: the Figure 2 shows
squeme of precipitation lines that expresses in-
teractions among disrupted NDV  virus-
concanavalin A and NDV virus-specific antibod-
ies. Those experiments were developed to find
the best concanavalin A and serum dilutions to
be used for identity studies. In the last step, the
Figure 3 exhibits squeme of precipitation lines
as results of NDV specific antibodies-lectin in-
teractions, revealing identity.

@0, | QB
@@@@/%)@
O

®
[OX
A B
C NDV serum C'NDV serum
1 100 pg/mi Con.A 1' 100 pg/mi Con.A
2 By sample 2' B, sample
3 B, sample 3' B, sample
4 100 pg/ml Con.A 4' 100 pg/ml Con. A
5 By sample 5' B, sample
6 B, sample 6' B, sample

A - without addition of alpha-methyl mannoside:
B - with addition of alpha-methyl mannoside.

FIGURE 3 - Scheme of the Double immunodiffusion test -
identity studies among NDV scrum, Con. A and B; sample of
NDV, with and without addition of alpha-methyl mannoside.

DISCUSSION

The Table 1 and 2 show results of quantitative
and kinetics studics of the lectin-virus interaction,
by hemagglutination test. Titers decreased when
we used concanavalin A and NDV or Influcnzavi-
rus samples, in adequated proportions. Quantitative
studies showed that 100ptg/ml concentration as the
most cfficient concanavalin A concentration and
kinctics tests revealed 1 hour as the best incubation
time as well. In those reactions, alpha-methyl man-
noside was used as concanavalin A inhibitor.

Those kinetics and quantitative studies about
virus-lectin interactions gave us data to follow
the analysis. In fact, visible aggregates werce ob-
served at 100 ug/ml concentration of concanaval-
in A after 1 hour incubation. These aggregates
were not developed if alpha-methyl mannoside,
which has affinity for receptor sites of concanav-
alin A, was added.
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The reactions revealed by agglutination in
tubes were positive (Table 3) when concanavalin
A (100 pg/ml) and NDV (B, and SO-93y
Influenza (A/PR/8/34) samples or PNA (4 ng/ml)
and La Sota strain of NDV were used. This posi-
tivity demonstrated by visible aggregates shows
that the viral surface structures contain galactose
and alpha-methyl mannoside residues, which are
knowed as specific to PNA and Concanavalin A,
respectively.

The Figure 1 demonstrates by electron mi-
croscopy the existence of receptor sites on virus
surface structures with the revelation of virns-
lectin complexes or aggregates, using samples ob-
tained as above. The importance of carbohydrates
as important elements on viras surface structures
has been shown. The glycosilation process on en-
doplasmatic reticulum and Golgi apparatus has
been exhibited as an essential step during the as-
scmbly and [olding processes of virus surface gly-
coproteins (26).

Studies using enveloped (Sendai and Herpes-
virus samples) and non enveloped (Poliovirus
samples) viruses have showed that the treatment
with concanavalin A inhibited only the infectivity
of enveloped virus. The existence or ausence of
carbohydrated structures (glycoproteins or glyco-
lipids) on the virus surface, respectively among
enveloped or nonenveloped viruses could explain
it. That character was demonstrated by reversion
of the inhibition of infectivity aflter addition of al-
pha-methyl mannoside (21).

The same results were obtained when were
used different purified RNA viruses (Myxovirus,
Arbovirus, Rhabdovirus, Poliovirus and SV40) or
cells infected by them, aggregates were formed in
both of those occasions. The same results were not
observed with cells infected by Polioviruses and
SV 40 purificd particles. Addition of concanavalin
A plus alpha-methyl mannoside prevented the de-
veloping of aggregates, while the contact of those
virus particles with concanavalin A turned drasti-
cally lower the virus infectivity (2).

In the last step, analysis to study some test
variables as diffusibility, specificity of detergents
and the best concentrations of concanavalin A to
be used in the immunodiffusion tests were devel-
oped. The results showed Nonidet P-40 as the
detergent of best diffusibility and specificity,
without induction of inespecific reactions with
scrum (results not shown). They also indicated
the 100 wg/m! concentration and 1:2 NDV scrum
dilution to be used for the best conditions of re-
actlion, as can be observed in Figure 2. The pre-
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cipitation lines among virus, NDV serum and
Con-A (Figure 3-A) show the existence of iden-
tity between lectin receptors and NDV surface
antigens as already demonstrated by studies us-
ing Semliki viruses (22). The inhibition of pre-
cipitation lines by addition of alpha-methyl man-
noside conffirms those data showed above,
which permit to identify the chemical character
of virus surface antigens as peptides exhibiting
galactose and alpha-methyl mannoside residues

(Figure 3-B).
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RESUMO

Estruturas de superficie de mixo e parami-
xovirus: estudos antigénicos e funcionais

Amostras de Virus da Doenga de Newcastle
(cepas SO-93, B, ¢ La Sota) e da Influenza (ccpa
A/PR/8/34 (H,N,) foram analisadas quanto ao
cardter de suas estruturas de superficie, mais es-
pecificamente quanto 2 presenca de carboidratos
especificos, de comprovada importincia no pro-
cessamento das atividades biolégicas virais.

As amostras virais foram concentradas por
sedimentagdo, purificadas por gradiente, lavadas
por sedimentagfo, avaliadas quanto ao seu teor
protéico e titulo hemaglutinante e, entfo, estuda-
das quanto aos seus resfduos carboidratos,

O estudo realizado com uso de lectinas e
agticar especifico (inibidor de Concanavalina A)
revelou a importincia ¢ especificidade do caréter
carboidratado dc estruturas peptidicas de su-
perficie viral, o que pode ser observado através da
inibicio do aparecimento das linhas de precipi-
tagio entre Concanavalina A ¢ soro especilico
para Virus da Docnga de Newcastle.

Palavras chave: ortomixovirus, paramixovirus,
influenza, virus da doenga de Newcastle.
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SINGLE CELL PROTEIN QUALITY PRODUCED FROM LIGNOCELLULOSIC MATERIALS

BY THE ASCOMYCETE CHRYSONILIA SITOPHILA (TFB-27441 STRAIN)
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SUMMARY

Data are presented for amino acid contents of fifteen carbohydrates, lignocellulos-
ic materials, including olive milling waste water. The selected substrate were: glucose,
cellobiose, saccharose, microcrystalline cellulose, tannin, phlobaphene, bark, lignocel-
Iulose residue, sugar residue from organosolv process, rice hull, irradiated rice hull,
orange bagasse, alpechin (5%), alpechin (10%) and irradiated alpechin (10%). Ratios
of some amino acids of nutritional significance in conventional protein sources and
those induced by different lignocellulosic substrate are presented. Also, a comparison
of the ratios of individual amino acids to total essential amino acids (A/E ratio) and to-
tal essential amino acids to total amino acids recovered as nitrogen (E/T ratio), togeth-
er with essential amino acid chemical scores, led us to compare the quality of each car-
bon source used. These analyses showed that orange bagasse, alpechin (10%) and bark
were the most inexpensive materials and produced the highest protein qualities.

Key words: Single cell proteins, ascomycete, Crysonilia sitophila, lignocellulosic, ba-
gasse, rice hull, olive milling.

INTRODUCTION special products still remain unresolved
(1,6,18,19). In Latin American countries there is

The lignocellulosic waste material accumula-  still a good chance of efficiently utilizing our natu-

tion in the world and their potential conversion to  ral resources, especially the forest by-products of
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low commercial value obtained from the industrial
processing of Pinus radiata in Chile (c.g. barks,
tannins, phlobaphenes, carbohydrate residues from
organosolv pulping), lignocellulosic waste materi-
als in Brazil (rice hulls, orange bagasse) and olive
milling wastewater (alpechin) in Spain. Many
studies on single-cell protein (SCP) and enzyme
production have been conducted, but further re-
search with new lignocellulolytic microorganisms
is still necessary (9,10).

The ascomycete Chrysonilia sitophila Mont
von Arx (TFB-27441 strain) was isolated from a
xylophagous insect (7,16). This strain, which ex-
hibits high ligninolytic activity, was efficient in de-
grading several organic materials (12-14, 21, 22).

Since few lignocellulolytic microorganisms
have been studied for direct SCP production from
lignocellulosic materials (23), the C. sitophila
(TFB-27441) stands as a potential microorganism
for production of SCP because of its cellulolytic,
proteolytic and ligninolytic enzymes using repre-
sentative carbon source materials from Chile, Bra-
zil and Spain.

MATERIALS AND METHODS

Samples: Samples of bark were taken separ-
ately from 30 year old Pinus radiata as published
(3). Phlobaphene and tannins were extracted as de-
scribcd carlier (4). The insoluble material, after
solvent extraction (bark residue), was further ex-
tracted with 1% NaOH to remove phenolic acids.
Thercby rendering the lignocellulosic residue.
Samples of rice hull from Goias State (Brazil) rice
plantations were used. Olive milling wastewater,
the by-product of olive oil technology, was ob-
tained from Spain (uscd at 10% as carbon source).
Brown, peclleted orange bagasse (Sdo Paulo State),
milled to 1 mm particle size was used as the sole
carbohydrate source suspended in Czapek solution.

Sugar residues were obtained [rom organo-
solv pulping of Pinus radiata chips with formic
acid treatment, followed by lignin precipitation
and exhaustive formic-water solution evaporation
(5). All the solid carbon sources were used at
1.5% concentration. The irradiation on rice hull
and olive milling wastcwater were carricd out with
a HQL-OSRAM mercury vapor lamp at a flux of
68 W/m? at >300 nm (using glass plates as the fil-
ter) (11).

Microoganism: C. sitophila (TFB-27441
strain) was sclected and cultured in a Czapek or
Frics medium (12,16). All the experiments were
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made by this method in triplicate. Amino acids
from fungal mycelium were analyzed in either by
a Beckman Model 119-CL or an Aminochrom I,
Labotron System amino acid analyzer. All report-
ed figures were averages from duplicate hydrolis-
es, reproducible to within 3-5%.

RESULTS AND DISCUSSION

Evaloation of the single cell proteins pro-
duced by C. sitophila (TFB-27441 strain) with dif-
ferent carbon sources was performed in each cas-
es. TABLE 1 shows the amino acid contents of
common carbon sources, such as glucose, cellobi-
ose, saccharose and micro-crystalline cellulose.
Most of the amino acids of the total mycelial pro-
tein obtained from the substrate in TABLE 1
showed a distribution similar to or higher than
those of the FAO standard rcquirement (TABLE
7), excepting the methionine content using saccha-
rose, cellobiose or cellulose.

TABLE 1 - Amino acid distribution of C. Sitophila (TFB -
27441) mycelial protein (g of A. A./100 g of protein) derived
from standard carbon sources.

Micro-crystalline

A.A. Glucose Cellobiose Saccharose cellulose
Asp 11.29 12.47 10.60 12.47
Thr 5.01 5.19 5.15 5.19
Ser 5.18 5.60 4.61 5.60
Glu 13.88 10.63 14.18 10.63
Pro 7.76 5.80 1.73 5.80
Gly 6.14 523 4.85 523
Ala 8.81 7.47 9.03 7.47
Val 8.17 7.99 5.81 7.99
Met 2.12 0.99 1.19 0.99
Il 391 9.40 4.39 9.40
Leu 12.93 9.36 5.80 9.36
Tyr 1.16 374 2,98 3.74
Phe 332 428 3.12 428
Lys 6.33 5.65 5.00 5.65
His 2.14 1.53 1.93 1.53
Arg 4.10 4.66 3.53 4.66
Cys - - 0.06 -

TABLE 2 shows the results which were ob-
tained using forest products. Again, poor quality
in the presence of phlobaphene and lignocellulose
from P. radiata was obtaincd. Cystein was defi-
cient protein derives [rom all the carbon sources
uscd when compared with FAO values.

TABLE 3 shows the result with lignocellulos-
ic materials from diffcrent sources and it was ob-
served that methionine was defficient in rice hull,
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TABLE 2 - Amino acid distribution of C. Sitophila (TFB -
27441) mycelial protein (g of A. A./100 g of protcin) derived
from forest products of Pinus Radiata.
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TABLE 4 - Amino acid distribution of C. Sitophila (TFB -
27441) mycelial protein (g of A. A./100 g of protein) derived
from olive milling wastewater (Alpechin).

Sugar Alpechin (10% Czapek)
Residue Alpechin

A. A, Tannin Phlobaphene Bark Lignocellulose Organosolv ALA. 5% Czapek  Nonirradiated Irradiated
Asp 11.98 1070 12.57 10.60 10.92 Asp 10.30 10.70 11.30
Thr 575 4.41 4,95 4.65 4.62 Thr 5.20 5.00 5.50
Ser 5.10 5.65 6.62 4.30 5.46 Ser 4.80 4.00 4.90
Glu 13.45 10.61 8.47 15.50 13.45 Glu 12.50 9.70 14.10
Pro 8.84 5.99 4.50 3.26 3.78 Pro 8.90 6.40 10.60
Gly 740 5.00 5.37 4.89 4.62 Gly 4.90 441 5.40
Ala  9.18 6.94 5.66 7.67 5.04 Ala 6.00 11.30 3.70
Val 807 6.12 6.58 5.50 5.04 Val 6.90 12.40 6.15
Met 191 0.58 2.56 0.60 1.68 Met 1.20 0.90 0.80
Te 6.81 8.71 13.19 5.10 3.36 Ile 3.60 5.20 4.30
Lew  8.44 7.41 8.97 6.90 11.34 Leu 10.20 8.94 12.20
Tyr 052 2.72 3.16 2.81 3.78 Tyr 3.60 2.90 2.30
Phe 381 3.13 3.04 3.22 4.62 Phe 5.10 4.50 7.80
Lys 1.12 4.86 4.69 5.52 5.88 Lys 9.10 7.00 7.60
His 2.01 1.81 1.24 2.25 2.52 His 2.00 2.10 1.60
Arg 414 8.05 2.67 5.01 6.72 Arg 5.80 4.70 1.90
Cys  0.07 0.42 0.01 0.06 1.68 Cys - 0.90 -

TABLE 3 - Amino acid distribution of C. Sitophila (TFB -
27441) mycelial protein (g of A. A./100 g of protein) derived
from lignocellulosic materials.

Rice Hull Rice Hull Orange
A A, Bagasse Irradiated Bagasse
Asp 10.96 13.05 11.66
Thr 19.43 6.83 6.26
Ser 6.67 8.09 5.79
Glu 12.42 15.89 10.63
Pro 8.24 0.01 -
Gly 9.81 15.81 6.65
Ala 12.70 13.94 8.64
Val 0.01 0.01 8.25
Met 0.01 10.43 6.56
e 3.98 0.01 4.57
Leu 10.67 10.54 6.70
Tyr 0.01 0.01 0.08
Phe 0.01 0.01 3.67
Lys 3.71 5.48 7.08
His 0.01 0.01 2.63
Arg 2.00 0.01 1.64

Cys - - -

but after irradiation a high content was found
(10.43%). Both sources exhibited a tyrosine and
phenylalanine defficiency. A significant methio-
nine content was observed when orange bagasse
was used (6.70%).

TABLE 4 shows the amino acid content in-
duced by olive milling wastewater (alpechin). No
large difference in using a 5% or 10% of the efflu-
ent in culture medium was observed. Also no ef-
fect after irradiation was noticed.

In TABLE 5 we have compared the mycelial
protein which exhibited the better qualities in rela-
tion to the FAO standard calculating the ratios of
some essential amino acids of nutritional signifi-
cance with known proteins.

Biological quality in a protein can be assessed
not only by the absolute amount of each essential
amino acid but also by their internal balance. Isolen-
cine, for example, should keep a molar ratio not
lower than 1:3 (0.33) to leucine. Threonine is anoth-
er essential amino acid found in short supply in veg-
etable proteins and encountered in high quality pro-
teins in almost equimolar ratios with serine. TABLE
5 shows that low quality proteins, usually of vegeta-
ble origin, are rich in arginine and histidine, in rela-
tion to lysine. Thesc data attest to the improvement
of the internal amino acid balance throughout fer-
mentation, with the exception of isoleucine/leucine
which, neverless remains at acceptable values. The
high lysine/arginine ratio of mycelial protein when
orange bagasse was used as the inducer, was proba-
bly the result of the unusuvally low level of arginine
found in C. sitophila. Likewise, the low content of
tyrosine in the fungus was responsible for the ex-
tremely low tyrosine/phenylalanine ratios observed
in sucrose culture. Low phenylalanine content in
novel proteins would be desirable for phenylalanine
intorelant individuals. v

TABLE 6 shows the nutritionally significant
amino acids for two known food proteins; cascin
and egg proteins. A comparison of the ratios of in-
dividual aminoacids to total essential amino acids
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TABLE 5 - Ratios of some amino acids of nutritional sig-
nificance in conventional and non-conventional protein
sources (2).

Rev. Microbiol., Sdo Paulo, 25(1), 1994

(AJE ratio) and total essential amino acid to total
amino acids (E/T ratio) for the various substrates
(2) is also shown in TABLE 6.

Source  ILE/LEU TYR/PHE LYS/HIS LYS/ THR/SER The E/T ratios of all substrates compared
_ ARG rather well with that for the casein reference,
) while some substrates exhibited much higher va-
Milk 9.3 L5295 212 078 lues than of 2.02 for the FAO provisional refe-
Egg (whole) 075 0.74 266 266 059 ) . ¥
Meat (bovine) 0.64  0.82 251 135 1.05 rence protein (15).
Rice 0.54 0.91 234 068 077
Maize 0.35 1.34 139 082 0.70
\S;Irgh:’gl 82,‘; 832 ig; 8;’2 071 TABLE 7 - Aminoacid distribution of several protein (g of
184 our A R R N .- A, : d th 1 3
Peanuts 067 071 145 033 040 A-AJ100 g of protein) and other parameters
Yeast 0.57 0.95 258 170 1.04 s ; ;
AA C Soybean Peanuts FAO (15) Essential
OangeWaste 083 049 115 060 094 (a) asein Soybean Feanuts FAO (13) "(20) pattom
FAO 0.88 1.00 - - -
Soybean 0.75 0.75 234 093 093 A 6.8 3.7 15.1 . .
Casein 054 110 395 203 073 e 41 39 18 8 45
Ser 5.6 4.2 6.6 - -
SCp Glu 215 4.0 174 - -
Induced by: Po 85 50 52 - -
Orange Waste 0.68 0.02 2.69 4,31 1.08 Gly 1.8 18.4 5.0 . .
Saccharose 0.76 0.95 259 142 112 Ala 2.9 3.3 47 N .
Bark 1.47 1.02 3.78 1.78 075 Met 2.4 1.7 1.0 22 2.6
Rice H\Iu 0.37 1.00 - 1.86 290 Tle 4'9 6.0 4.0 4.2 4.2
Rice Hullhv - 1.00 - - 084 Lew 90 80 67 4.8 70
Alpechin 0.58 0.64 330 149 125 Tyr 5.5 4.0 44 2.8 73
Alpechin/hv 0.35 0.29 475  4.00 1.12 Phe 5.0 53 5.1 2.8 73
Lignocel.Res. 0.73 0.87 2.45 1.10 1.08 Lys 7'9 6.8 3.0 4.2 5‘1
Tannin 0.81 0.14 056 0.27 1.12 His 2.0 2.9 2.1 R 17
Phlobaphene 1.18 0.87 268 060 078 Arg 3.9 73 106 R .
.3 1. 1.6 1.2 2.6
a) Ref. 22, Gs O ?
TABLE 6 - Nutritionally significant amino acids (a,b).
A/E Ratio (c) S. B. SR, R. Rhv. " AL. ALhv. L. 0. T. PHL C. E.
Isoleucine 126 263 78 102 03 109 9 141 103 180 220 106 129
Leucine 167 186 261 273 304 187 254 1890 150 223 187 194 172
Lysine 144 96 136 95 158 147 158 152 159 30 122 169 125
Total arom. 176 128 204 06 06 155 211 165 8 115 149 226 194
Phenylalanine 90 63 107 0.3 0.3 94 163 88 83 101 80 108 114
Tyrosine 86 66 97 0.3 0.3 61 48 77 2 14 69 118 81
Total sulfurcontaining .
aminoacids 36 53 78 0.6 301 38 17 19 148 53 26 57 107
Cysteine -2 - 39 - - 19 - 2 - 2 11 6. 46
Methionine 34 53 39 0.3 301 19 17 17 148 51 15 51 61
Threonine 148 103 107 495 197 105 115 128 140 152 111 88 99
Tryptophan 37 27 30 33 38 27 27 35 29 35 32 24 31
Valine 167 135 116 03 03 260 128 151 186 214 155 137 14l
E/T Ratio (d) 24 32 27 24 22 31 30 25 28 24 26 29() 3.2(0)

a) S = Saccharose; B: bark; SR: Sugar residue; R: Rice hull; Rhv: Irradiated rice hull; AL: Alpechin; ALhv: Irradiated alpechin;
L: Lignocellulosic residue; C: Casein; E: Eggs; O: Orange residue; T: Tannin, PHL: Phlobaphene;

b) Tryptophan taken as minimum of 1.3 g per 16 g N;
c) Individual amino acid (mg) per g of total essential amino acids;

d) Total essential amino acids (g of amino acid) per g of total recovered nitrogen;

e) Calculated from data Ref. (8);
f) Ref. (17).
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All substrates had A/E ratios equal o or great-
er than those of egg protein for leucine, isoleucine,
threonine and valine.

Chemical scores were calculated using the Na-
tional Academy of Sciences/National Research
Council Scoring Pattern (20) (TABLE 7). The total
sulphur-containing amino acids were the most limit-
ing in the proteins obtained when saccharose, rice
hull, -alpechin/hv, tannin and phlobaphene were
used as substrates (TABLE 8). Histidine in bark and
lysine in tannin derived protein were deficient. The
total aromatic amino acids were the second limiting
factor with all the substrates. Chemical scores have
inherent limitations and therefore are only an ap-
proximation of the nutritional quality (8).

TABLE 8 - Chemical scores calculated limiting amino acids (a,b).

Rev. Microbiol., Sio Paulo, 25(1), 1994

do 4guas residuais de oliva (alpechin). Os substra-
tos lignoceluldsicos selecionados foram: glicose,
celobiose, sacarose, celulose microcristalina, tani-
no, flobafeno, corti¢a, residuos lignocelulsicos,
residuos de agucares derivados do processo organo-
solv, casca de arroz, casca de arroz pré-irradiada,
bagaco de laranja, alpechin (5%), alpechin (10%),
¢ alpechin pré-irradiado, (10%). Sdo apresentadas
taxas de alguns aminodcidos de significado nutri-
cional em fontes convencionais de proteinas e
aqueles induzidos por diferentes materiais lignoce-
ulésicos.. Também sfo comparadas as taxas de
amino4cidos individuais com aminodcidos essen-
ciais (razdio E/A) e aminodcidos essenciais totais re-
cuperados como nitrogénio total (razdo E/T), junta-

Amino acid C. S. B. SR R. Rhv. AL. ALhv. L. 0. T. PHL.
Histidine 118 127 77 140 0.6 06 123 94 150 155 120 115
- Isoleucine 116 117 333 80 95 02 124 102 128 109 164 222
Leucine 129 93 136 162 152 150 128 174 113 96 123 144
Lysine 154 109 98 115 73 107 137 149 123 139 22 102
Threonine 117 163 150 132 555 195 143 157 151 179 166 135
Trypyophan 100 118 118 118 118 118 118 118 118 118 118 118
Valine 133 134 145 105 0.2 02 258 128 131 172 170 137
Total sulphur containg a.a. 102 54 105 129 0.8 401 69 31 29 252 77 - 42
Total aromatic amino acids 144 93 90 115 03 0.3 101 138 95 51 60 86

a) Abbreviation as TABLE 2;

b) Calculated using the scoring in NAS (20) calculations based on total amino acids recovery. Chemical score (g aminoacid/16 g of

test protein)/(g amino acid/16 g of N reference pattern) x 100.

In summary, considering the casein pattern,
the ratio of amino acids of nutritional significance
(E/T and A/E), together with chemical scores indi-
cated that bark, orange bagasse and alpechin were
the best carbon sources for good quality microbial
proteins (SCP) from Chrysonilia sitophila.
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RESUMO
Qualidade de proteinas unicelulares produzidas
de materiais lignoceluldsicos pelo ascomiceto

Chrysonilia sitophila (tfb-27441 strain)

Se apresentam dados do conteiido de ami-
no4cidos de 15 materiais lignoceluldsicos, incluin-

mente com a escore quimico dos aminodcidos
essenciais, o que permitiu avaliar a qualidade de
cada fonte de carbono utilizada. Essas anilises
mostram que o bagago de laranja, alpechin (10%).¢
cortica foram os materiais mais econdmicos e que
resultaram em proteina de maior qualidade.

Palavras-chave: Proteinas unicelulares, ascomy-
cete, Chrysonilia sitophila, lignoceluldsico,
bagaco, arroz, azeitona.
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DISTRIBUTION OF ORAL YEASTS IN CONTROLLED AND UNCONTROLLED

DIABETIC PATIENTS
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SUMMARY

The oral yeasts present in diabetic controlled and uncontrolled patients were stud-
ied. The methodology used permitied to conclude that a similar frequency of yeasts is
observed in both groups. Carriers were observed in 21.4% (20.0% in the controlled
and 22.8% in the uncontrolled group) while 14.2% presented clinical lesions. Candida
albicans serotype A was the most frequent. The phospholipase was produced by
100.0% and 88.8% of the strains isolated from the controlled and uncontrolled group,
respectively. Proteases were produced by 75.0% of the strains isolated from controlled
group and 88.8% from uncontrolled group. Rhodotorula rubra, Candida tropicalis,
Candida krusei, Geotrichum candidum, Trichosporon beigelii, Cryptococcus laurentii
and Candida glabrata were the other species isolated. In this study we did not find sig-
nificant differences between diabetic patient groups in relation to Candida albicans
with a similar picture observed in healthy carriers.

Key Words: diabetic, yeasts, C. albicans, bioserotypes of C. albicans.

INTRODUCTION

Diabctes, an endocrine-metabolic disease, can
present several repercussions in the mouth without
characteristic signs or symptoms (10, 21). Based
on case reports and very few well conducted clini-
cal and laboratorial studics, diabetes has been con-
sidered for many years a predisponent factor for
candidosis.

Peters et al (17) studicd 400 diabetics, 200
controlled and 200 uncontrolled, beside 200
healthy control patients obscrving a similar fre-
quence of Candida albicans in them although no-

1. School of Dentistry, Department of Stomatology, USP.

ticing the role of total prosthesis used by some pa-
tients of their casuistic.

The increase of glucose levels in blood and
saliva, the greater adherence of Candida species to
oral mucosae, as the major growth of Candida al-
bicans on the stratum corneum of diabetic patients
was well as the impaires function of polymorpho-
nuclear leucocytes are some of the factors asso-
ciated to oral candidosis (4, 15). It is important to
refer that an increase of yeasts in the mouth cavity
of either healthy or diabetic patients have been as-
sociated to the use of a total prosthesis (5, 20). The
isolation of yeasts in healthy and diabetic individ-

2. Institute of Biomedical Science, Department of Microbiology, USP.
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uals did not present significant differences al-
though in these patients the infection can occur at
a lower candidal load (7). Many others aspects are
still unconclusive about oral candidosis and dia-
betes which induced us to investigate the presence
of oral yeasts in controlled and uncontrolled dia-
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characteristics of Candida albicans to type the
strains isolated from our casuistic.
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MATERIALS AND METHODS
Casuistic

Seventy adult patients from both sexes, from
30 to 80 years old (mean age 55), were divided
in two groups. The first group was composed by
35 controlled diabetic patients who used insu-
line, oral hypoglicemiants or an adequate diet.
The second group was composed by 35 uncon-
trolled diabetic patients without dietary or thera-
peutical control. Their dental condition are pre-
sented on Figure 1. Any patient that was under
antibiotic or corticotherapy was not utilized in
the present study.

FIGURE 1 - Dental conditions of the diabetic patiems:

Patients N  Dentate Edentulous Total Prosthesis
Wearers

Controlled 35 40.0% 60.0% 80.9%

Uncontrolled 35 342% 65.7% 82.6%

N = Number of patients

Sampling, culture and identification methods

The material was collected from the oral mu-
cosac and sulcus beside all other areas clinically
diagnosticated as candidosis either eritematous or
pseudo-membranous. The hard palate and the
dorsum of the tongue were avoided for sampling.
Cotton swabs were utilized to obtain the material
which was plated onto a Petri dish with Sabou-
raud dextrose agar (DIFCO), plus chlorampheni-
col (100 pg/ml) maintained at 25°C, until 13
days. All experiments were performed in dupli-
cate. The different morphological colonies were
selected and were sub-cultured on the same fresh
medium in tubes.

Yeast identification was performed using the
criteria of Kreger-van Rij (11) and Lodder (14).
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Serological methods

Specific serotype A antiserum was prepared
in New Zealand rabbits males according to Hanse-
clever & Mitchell (8, 9) by slide agglutination
technique, being strains ICB 12 (A) and ICB 156

(B), tested tocether with the strains isolated from

AF e MOV WU RULLIUA AR LAY WL diiid, {Av0 ) iz

our patients.
Proteases and phospholipases production

A study of extracellular enzymes (proteases
and phospholipases) was performed according to
Odds (15) and Price et al (18).

RESULTS

The distribution of yeasts in controlled and
uncontrolled diabetic patients associated to car-
riers and the presence of lesions is presented on
Table 1. Controlled patients presented 34.2% of
yeast positive cultures and uncontrolled patients
37.1%; carriers being represented by 20.0% and
22.8% respectively. Both groups had the same
percentage of clinically detectable lesions (Table
2). Candida albicans was the most frequent yeast
isolated either in controlled (22.8%) or uncon-
trolled patients (25.7%), with a percentage of car-
riers for Candida albicans of 57.1% and 62.5%,
respectively, The presence of Candida albicans
in the lesions observed in both groups reached
80.0% (Table 2).

TABLE 1 - Distribution of oral yeasts from controlled and un-
controlled diabetic patients.

Patients Carriers Patients  Total of posi-
with lesion tive cultures

N % N % N %
Controlled (N=35) 7 200 5 142 13 34.2

Uncontrolled (N=35) 8 228 5 142 13 37.1

Total N=70) 15 214 10 142 25 357

N = Total number of patients

Other yeasts as Rhodotorula rubra and Candi-
da tropicalis were isolated in both groups.

In controlled patients, Candida krusei, Geotri-
chum candidum and Candida sp! were observed
and in the uncontrolled group Trichosporon beige-
lii, Cryptococcus laurentii, Candida glabrata and
Candida sp?.
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TABLE 2 - Frequencies of oral yeasts in controlled and uncontrolled diabetic patients.

Controlled patients Uncontrolled patients
Species of Carriers Withlesion  Total of patients Carriers With lesion  Total of patients
yeast (N=T) (N=5) (N=35) N=7) (N=5) (N=35)
n % n % n- %o n % n % n %
C. albicans 4 570 4 800 8 22.8 5 625 4 800 9 25.7
R. rubra 2 285 0 0 2 5.7 1 125 0 0 1 2.8
C. tropicalis 0 0 1* 200 2 5.7 0 0 1* 200 1 2.8
Candida sp2 1 142 0 0 1 2.8 0 0 0 0 0 0
Candida sp2 0 0 0 0 0 0 1 125 0 0 1 2.8
C. krusei 1 142 0 0 1 2.8 0 0 0 0 0 0
G. candidum 0 0 1* 200 1 2.8 0 0 0 0 0 0
T. beigelli 0 0 0 0 0 0 0 0 1* 200 1 2.8
C. laurentii 0 0 0 0 0 0 1 125 0 0 1 2.8
C. glabrata 0 0 0 0 0 0 1 125 0 0 1 2.8
n = occurrence of species
* = occurrence in association
N = total of patients
An association of yeasts related to clinical le- DISCUSSION

sions was represented by Candida tropicalis and
Geotrichum candidum and Candida tropicalis and
Trichosporon beigelii (Table 2).

Serotype A was isolated from 87.5% of Can-
dida albicans strains in the controlled patients and
100.0% in the uncontrolled one (Table 2).

Production of phospholipase was observed in
100.0% of the strains in controlled group and
88.8% in uncontrolled one (Table 3).

TABLE 3 - Bioserotypes of Candida albicans isolated from the
oralmucosae of controlled and uncontrolled diabetic patients.

C. albicans Serotype Phospholipase Protease ~ N%

Controlled A +) (+) 7/81.5

Patients B (+) ) 1/12.5

(N=8)

Uncontrolled A +) +) NG

Patients A (+) ) 1/11.1
=9) A - ) 1/11.1

Characteristics of Bioserotypes:serotype, phospholipase
and protease production

N = Numberoftotal patients with Candida albicans,

(+) = Positive

(-) = Negative

*

Proteases were produced in 75.0% of the
strains from controlled group and 88.8% of uncon-
trolled group (Table 3).

Considering serotypes, phospholipases and
proteases, four different biotypes of Candida albi-
cans were obtained (Table 3).

The controvertial aspects of yeasts in the
mouth of diabetic patients are based on different
approaches to confirm the real increase in their
number or correlation to clinical lesions.

Our results indicated that in relation to Candi-
da albicans or even other yeasts, there were not
relevant differences between carriers of both
groups (Tables 1 and 2).

Candidosis was present in a small percent-
age (14.2%) in both groups (Table 2), differing
these results from those obtained by Lamey et
al (12). The range of these aspects seems to de-
pend on the methodology utilized. Nevertheless,
the influence of local factors as the use of com-
plete dentures or the presence teeth is also im-
portant because even in healthy patients these
factors are relevant. Hyposalivation or xerosto-
mia, deficient hygienic habits, are the most im-
portant local factor which favours the adherence
of fungi either to the prosthesis surface or epi-
thelium (1, 2, 5, 6).

Candida albicans was the most frequent
yeast isolated prevailing the serotype A as in pre-
vious research in patients with oral cancer
(95.0%) or even in healthy individuals - 66.7% -
(16, 19) as in AIDS patients (3) from mouth
samples observed in our country, which does not
explain the real factors which determinate the
serotype (15).

Protease production showed similar results
to those obtained in healthy individuals while a
higher production of phospholipase was ob-
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served in diabetics when compared to healthy
ones (19). So, considering serotype and exoen-
zymes production, the isolates of Candida albi-
cans, in our casuistic, can be individualized in
four bioserotypes.

An important aspect to point out was the pres-

ence of different yeast species compared to other

studies as those from Loiselle et al (13) and Tap-
per-Jones et al (20), since these studies were di-
rected exclusively towards the identification of
Candida albicans. 1t is intcresting to remember
that although Candida tropicalis, Geotrichum can-
didum and Trichosporon beigelii can be isolated
from the normal flora, they were isolated from
clinical lesions or associated to other yeasts, sinal-
izing always the possibility that under certain con-
ditions they can also act as pathogens (15).

The general picture of yeasts obtained from
our casuistic did not reveal significant relationship
between diabetes and candidosis, and Icads us to
believe that the relation host-parasite has to be bet-
ter defined in this field to obtain an adequate pro-
file of the disease and the infection or host/parasite
relationship.

Although other biotyping methods could be
used in future research as the study of morpho-
typing, biotyping, DNA restriction fragment
lenght polymorphism analysis and assay with
killer toxins, which could characterize better
these strains in the mouth of diabetics in epidem-
iological studies.

RESUMO

Leveduras da mucosa oral em pacientes
diabéticos controlados e niio controlados

Estudamos a presenga de fungos na cavidade
bucal de diabéticos controlados ¢ nfio controlados.
A metodologia utilizada permite concluir que a
freqiiéncia de fungos foi semelhante em ambos os
grupos. Como portadores, observamos 21.4%
(20.0% nos controlados ¢ 22.8% no grupo ndo
controlado), enquanto 14.2% apresentavam lcsoes
clinicas. Candida albicans sorotipo A foi a mais
[reqiiente, sendo fosfolipase produzida em 100.0%
no grupo controlado ¢ 88.8% nos nfio controlados.
Protease foi produzida em 75.0% das amostras iso-
ladas do grupo controlado ¢ 88.8% dos ndo contro-
lados. Foram isoladas outras espécies de leveduras
como: Rhodotorula rubra, Candida tropicalis,
Candida krusei, Geotrichum candidum, Trichos-
poron beigelii, Cryptococcus laurentii ¢ Candida
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glabrata. Neste estudo, néio observamos diferengas
significativas nos dois grupos dos pacientes dia-
béticos, em relagfio a presenca de Candida albi-
cans, inclusive com um quadro semelhante obser-
vado em portadores saudéveis.

Palavras-chaves: Diabéticos, Leveduras, C. albi-

cans, Biosorotipos de C. albicans.
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ACCUMULATION OF CADMIUM FROM MODERATELY CONCENTRATED
CADMIUM SOLUTIONS BY CHLORELLA AND SCENEDESMUS STRAINS

Antonio Carlos Augusfo da Costal*
Elaine Maria F. Teles!
Selma Gomes Ferreira Leite?

SUMMARY

Cadmium accumulation from different solutions was studied with the use of three
different microalgal strains. From these living microalgae, Chlorella homosphaera
showed higher sorption capacity compared to Scenedesmus quadricauda and Chlorel-
ia vuigaris cells. Chiorelia homosphaera and Scenedesmus sirains were significantly
affected by the presence of the metal, being Chlorella vulgaris not affected by a higher

concentration (50 mg/1).

Key words: Cadmium, green microalgae, accumulation.

INTRODUCTION

The binding of metals from contaminated so-
lutions by biological sorbents can be achieved
through a wide varicty of mechanisms. Some of
these are metabolically mediated and others in-
volve simple adsorption mechanisms. Specific ex-
amples and a detailed description of those sorption
mechanisms can be found in a detailed review ed-
ited by Rehm and Reed?®. The toxic effect of cad-
mium on living green algac from the genus Chlo-
rella and Scenedesmus has been studied!*9, as
well as its transport® and ionic state of adsorbed
metal by living cells”. Recently the binding of
heavy metals by particulate biomass derived from
Chlorella and Scenedesmus was studied?, using in-
dividual metals or combined solutions. The
present work compares the ability of three differ-
ent microalgal strains to accumulate cadmium
from moderately concentrated solutions. Living

cells, as used here, are subject to deleterious ef-
fects produced by the presence of the metal, a fact
not detected in metabolism-independent metal re-
covery, named "biosorption”.

MATERIALS AND METHODS

1. Materials - Three different living green
microalgae were used in this work. C. homosphae-
ra and S. quadricauda were obtained from Escola
de Quimica da Universidade Federal do Rio de Ja-
neiro. C. vulgaris strain was obtained from Facul-
dade de Ciéncias Farmac@uticas da Universidade
de Sdo Paulo.

2. Culture medium for cultivation of mi-
croalgae - Living green microalgae were grown
in Difco medium, as previously described®®. The
salts were dissolved in distilled water and the fi-
nal pH of the medium adjusted to 7.0. The medi-

1. Centro de Tecnologia Mineral, CETEM/CNPq, Servigo de Meio Ambiente e Biometalurgia, Rua 4, Quadra D, Cidade Uni-

versitdria, Itha do Fundio, Rio de Janeiro, 21949-900, Brasil

2 Universidade Federal do Rio de Janciro, Escola de Quimica, Departamento de Engenharia Bioquimica.

*) Corresponding author
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um was autoclaved at 110°C and 1 atm for 20
‘minutes, allowed to cool and 4 ml of micronutri-
ents solution, previously sterilized by filtration
using 0.27 um Millipore membrane, were added
to the solution to act as growth factors®. From
agar slants, algal samples were asseptically trans-
ferred to the culture medium, placed in a rotary
shaker at 200 rpm, for 72 hours, under continous
illumination and at room temperature, for cell
growth®.

3. Cadmium uptake by living algal cell -
Four different cadmium solutions were prepared
by using cadmium sulphate: 10.0, 20.0, 30.0 and
50.0 mg/l. This restricted range of cadmium con-
centrations was selected because it was expected
to be detected some deleterious effects on the
cells. 200 ml of each solution were added to Er-
lenmeyer flasks and grown cells were then added
to these solutions to reach a final concentration
of 0.5 g/l. As previously reported, Chlorella
cells grow up to 4.0 g/l, measured by an absor-
bance at 430 nm versus dry weight of cells
curveS. S. quadricauda strains grows up to 8.0 g/
1, in the same conditions. This way it is possible
to predict the inoculum for a 0.5 g/I final con-
centration of cells, in the different cadmium so-
lutions.

Two sets of experiments were designed at this
stage: in the first one the biological material was

Rev. Microbiol., So Paulo, 25(1), 1994

contacted with cadmium solutions for 5 minutes
and in the second one, for 6 hours, both in a rotary
shaker under the same conditions previously de-
scribed for cell growth. These experiments were
designed to establish the relationship between
metal accumulation in biomass and time, The
flasks were then removed from the shaker, their
content centrifuged at 3200 g, in a Fanen Centri-
fuge Excelsa Baby I, Model 206, and the superna-
tant analyzed for cadmium concentrations. Each
metal concentration was tested three times. The
four cadmium solutions were tested for their sta-
bility in solution, and it was observed that cadmi-
um dissolution was complete and constant in the
time-course of the experiments.

4. Analysis - Cadmium concentrations were -
determined using a Varian Techtron, flame atomic
absorption spectrophotometer, Model AAG.,

RESULTS AND DISCUSSION

Figure 1 indicates cadmium accumulation by
S. quadricauda, C. vulgaris and C. homosphaera,
in the described conditions. The figure shows cad-
mium accumulation at 5 minutes and 6 hours of
contact between the metal solution and the Living
microalgae. Each group of two bars represents the
metal accumulation at § minutes and 6 hours, re-
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FIGURE 1 - Cadmium accumulation at 5 minutes and 6 hours of contact between the metal solution and the living microalgae.
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spectively. The comparison between each set of
bars illustrates a clear time dependence process.
The amount of captured cadmium was much great-
er after the six-hour test than the amount captured
in the process run during 5 minutes, for all tested

solutions. The residual metal concentrations, at 6
hours, were smaller in all cases r'nnﬁrming high_e,r
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metal accumulation. This difference would indi-
cate that the main sorption mechanism is not re-
stricted to cell adsorption. Probably the metal is
being intracellulary transported, a fact that de-
mands confirmation, Anyway, the equilibrium be-
tween metals in solution and biomass particles
was not achieved, even after 6 hours; this could be
an indication of ihe presence of meiabolic aciivity.
Another point that must be emphasized is the fact
that at a cadmium concentration of 50.0 mg/l the
accumulation capacity of the cells decreases, in
comparison with the 30.0 mg/l cadmium solution,
irrespective of the contact time, exception made
for C. vulgaris strain. After 5 minutes, the accu-
mulation capacities for C. homosphaera cells, for
solutions containing 30.0 and 50.0 mg/l were 22.0
and 20.0 mg cadmium/g dry cells, respectively; af-
ter 6 hours the sorption capacities of these cells,
from the same solution, were 46.0 and 24.0 mg
cadmium/ g dry cells, respectively. It can be noted
a decrease in metal accumulation with the increase
in the initial metal concentration, in both cases.
This can be explained in terms of the toxic effect
of cadmium on Chlorella cells, alrcady reported
by others authors!3. This fact, as reported in the
literature, is marked afier longer periods of time.
The time dependence in cadmium accumulation
by Chlorella cells as well as an exclusion mecha-
nism as heavy metals tolerance for this genus is
also stated in the literatare 37,

A slight difference in the sorption pattern
could be detected for S. quadricauda cells, from
the results obtained during S minutes and 6 hours
of contact between biomass and the mctal solution.
The toxic cllect of the metal could also be ob-
served for this specics. The decrese in metal accu-
mulation for cadmium concentrations grcater than
20.0 mg/l confirms this obscrvation. The maxi-
mum sorption capacity for S. quadricauda cclls
was 5.2 mg cadmiuny/ g dry cells and 6.8 mg cad-
mium/g dry cells, at 5 minutes and 6 hours, respec-
tively. It is intcresting to not that these limiting re-
sults were obtained from a solution containing
initially 20.0 mg/l. Concentrations greater than that
negatively affcect the sequestering of metals. Com-
paring such results with those obtained for C. ho-
mospharea cclls, it can be extracted that S. quadri-
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cauda cells are considerably more sensitive to cad-
mium?. This is confirmed by the growth curves of
both species in presence of cadmium at various
concentrations, where S. quadricauda cells had
their growth affected by the presence of the metal
in a higher extent than C. homosphaera *.

Analogously C. vulgaris showed a time de-
pendence for cadmium accumulation. The maxi-
mum sorption capacity for this species was 16.6
mg cadmium/g dry cells at 5 minutes of process
and 18.0 mg cadmium/g dry cells for a period of 6
hours. In this case it was not detected a decrease in
the metal accumulation by the cells, in the four
different cadmium solutions tested, but, although
its low sequestering capacity compared to C. ho-
mosphaera cells, it can not be neglected in metal
accumulation studies, as it is not a cadmium sensi-
tive specics.

In general, from these experiments conducted
with living cells, S. quadricauda were markedly
affected by the action of cadmium on its structure,
being their ability to accumulate this metal inhibit-
ed by concentrations higher than 20.0 mg/l. C. vul-
garis, not facing this problem, showed increasing
accumulation for more concentrated solutions in
the range of concentrations studied. However, it is
not comparable to C. homosphaera, which pre-
sented a relatively higher sorption capacity, de-
spite this property being affected by cadmium con-
centrations higher than 30.0 mg/1.

From the three green microalgae tested, C. ho-
mosphaera showed higher capacity to accumulate
cadmium from moderately concentrated cadmium
solutions. S. quadricauda was markedly affected
by the presence of the metal, showing low cadmi-
um sorption. C. vulgaris showed a growing patter
of cadmium accumulation for the tested solutions,
but with lower sorption potential compared to C.
homosphaera cells. Among the living microalgac
tested, the maximum sorption capacity was
achieved by C. homosphaera cells, from a 30.0
mg/l cadmium solution, equal to 48.0 mg cadmi-
um/g dry cells.

RESUMO

Acumulagiio de cadmio a partir de solugoes
moderadamente concentradas de cadmio por
cepas de Chlorella ¢ Scenedesmus

A acumulagiio de cddmio a partir de solugbes
contaminadas com o metal foi estudada através do
emprego de trés diferentes microalgas. Dentre as



Costa, A.C. A, daetal

espécies testadas a Chlorella homosphaera mos-
trou maior poder de acumulagfio comparada com
células de Scenedesmus quadricauda ¢ Chlorella
vulgaris. As linhagens de Chlorella homosphacra
¢ Scenedesmus quadricauda foram consideravel-
mente afetadas pela presenga do metal, sendo a
Chlorella vulgaris niio afetada pela mais alta con-
centraciio (50 mg/l).

Palavras-chave: cadmio, microalgas verdes, acu-
mulagfo
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MYCOFLORA AND AFLATOXIGENIC SPECIES OF ASPERGILLUS SPP ISOLATED
FROM STORED MAIZE
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Almeida, R.VMLA.
Souza, V.M.

ABSTRACT

Mycoflora and aflatoxigenic species [rom the genus Aspergillus were studied in
ninety samples of maize from storage silos [rom different regions of Brazil. Aspergil-
lus, Penicillium, Fusarium, Rhizopus, Acremonium, Cladosporium, Neurospora and
Paecilomyces were the genera isolated. A. flavus was the most frequently isolated
among the Aspergillus species from samples with moisture content (MC) between
14% and 18%. 39.4% of the isolates were toxigenic and produced only B aflatoxins.
A. parasiticus was the third most frequent species, isolated from samples with MC be-
tween 13% and 18%. All cultures were toxigenic and produced aflatoxins By, B,, Gy
and G,. The other species isolated were A. alutaceus, (A. ochraceus), A. petrakii, A.
chryselius, A. versicolor, A. sydowi, A. fumigatus and A. niger, which occured only in
samples with moisture content between 12% and 13%.

Key Words: Zea mays (L.), maize, fungi, mycoflora, aflatoxigenic fungi.

INTRODUCTION

Maize (Zca mays) is onc of the most widely
cultivated crop in Brazil, with ncarly 13 million
hectares planted (9). Most of the production is des-
tined to animal fced cither dircctly, or as part of
feed-mix, making 63% part of poultry fecd and
75% of hogs feed (13).

Maize such as other agricultural products, is
subject to the natural contamination of vegetal and
soil fungi and several of these are potential pro-
ducers of mycotoxins (10).

The fungi that infect grains have been divided
into two ecological groups, ficld and storage fungi

(4,5). Ficld fungi arc so called because are reputed
to invade seceds before harvest, while the plants are
growing in the ficld, or aflter cutting and swathing,
but before the harvest is threshed (5). These fungi
require high moisture to grow, which is obtained
by relative humidity (RH) in excess of 90%, given
a MC of 20-21% in cereal grains (5).

During storage RH falls betow 90% and no
[rec water is available, the field fungi become dor-
mant and the storage fungi appear, mainly com-
prising of 10-15 species of Aspergillus and few
species of Penicillium (5).

Maize, like other cereals, with low moisture
can be stored for long periods of time. However, if

University of Sdo Paulo - Institute of Biomedical Sciences-Department of Microbiology - CEP 05508-900 - Sio Paulo - SP - Brazil.
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the storage conditions are not adequate, those fun-
gi from natural origin as well others acquired dur-
ing the manipulation can grow and produce myco-
toxins (18).

After peanut, maize is the most mentioned
product in the world literature regarding contami-
nation by aflatoxins (Hesseltine et alii, 1931).

In Brazil, in spite of its great consumption and
the adequate climatic conditions for the develop-
ment of allatoxins producing fungi the existing
publications refer only to the detection of myco-
toxins in maize and byproducts (11).

Considering these aspects, the objectives of the
present study was to identify the mycoflora in maize
samples from storage silos and the occurrence of af-
latoxigenic speciesof the Aspergillus genus.

MATERIALS AND METHODS

Nincty samples of maize grains were used.
From various regions of Brazil. The moisture con-
tent (MC) of the grains was determined through
and Elotest instrument, model 777.

Isolation and identification of the fungi
(3) - The samples were ground so that whole of
material passcs through 14 mesh sicve. Ten
grams of the ground samples were diluted in 90
ml of sterile distilled water and from this, suces-
sive dilutions until 10 were prepared. One ml
of cach dilution was transferred to a Petri dish
and 15 ml of acidificd Sabouraud-dextrosc agar
(DIFCQ) at about 45°C was poured over it and
mixed with the samples. After agar solidication
the Petri dishes were incubated at 25°C for five
days. Fungi were identified by using usual tech-
niques (1,2,14),

Screening for aflatoxins - The Aspergillus
spp. isolatcs was inoculated in 250 ml of 2% ycast
extract plus 20% sucrosc YES mcdium (6) in 1 litre
Roux Flask was inoculated with sporcs, incubated
at room temperature for 10 days, and with three 25
ml portions of CHCI,, in a gyratory shaker, The
pooled extracts were filtered and cvaporated to dry-
ness in a flash evaporator, the residuc was cooled
and redissolved in 5 ml of CHCI, The aflatoxins
standards (B,, B,, G, and G,) uscd were obtaincd
from SIGMA Chemical Company, U.S.A..

Thin-laycr chromatograms (TLC) were devel-
opcd in benzene: cthyl-acetate: cthanol (60:38:2)
and the results indicated that qualitative cxams
could be performed casily and accurately without
[urther purification. With the positive qualitative
analysis, the following confirmatory tests were

Rev. Microbiol., Sdo Paulo, 25(1), 1994

performed: development of the plate with ethyl
ether in spraying of sulphuric acid solution (50%)
on the spots to observe the change of the blue fluo-
rescence (aflatoxin B;) to yellow, and two-
dimensional TL.C spotting pattern.

RESULTS

The following genera were isolated in de-
creasing order or frequency: Aspergillus (72.2%),
Penicillium (67.7%), Fusarium (62.2%), Rhizopus
(7.7%), Acremonium (22%), Cladosporium
(1.1%), and non sporulating fungi (5.5%).

The species of Aspergillus isolated were: A.
Sflavus (36.6%); A. oryzae (9.9%); A. parasiticus
(6.6%); A. alutaceus (A. ochraceus) (6.6%); A.
petrakii (6.6%); A. chryselius (5.5%); A. cheva-
lieri (4.4%); A. versicolor (22%); A. sydowi
2.2%); A. fumigatus (2.2%); A. niger (1.1%) and
A. tonarii (1.1%). It was observed that the spe-
cies A. alutaceus, A. petrakii, (A. ochraceus
group), A. chrysellius (A. cremeus group), A. ver-
sicolor, A. sydowi (A. versicolor group), A. fu-
migatus (A. fumigatus group) and A. niger (A. ni-
ger group) were present only in the samples with
MC between 12% and 13%. A. parasiticus (A.
flavus group) was isolated from samples with
132% to 17.8% MC and A. flavus (A. flavus
group) in samples between 12.1% and 18.8%,
but it was more frequent in samples with MC
above 14%. The Penicillium and Fusarium spe-
cies were isolated from samples between 12%
and 18% of MC.

The A. flavus isolates (39%) were toxicogenic
and produced aflatoxin B, or B; and B,. All cul-
tures of A. parasiticus tested produced aflatoxin
B,,B,, G1and G,.

DISCUSSION

Del Prado and Christensen (1952) have sug-
gested the possibility of evaluation of the storage
conditions of cereal grain, through the study of its
mycoflora.

Christensen & Kaufman (1965) and Christen-
scn and Saucr (1982), classified the fungi that con-
taminate grains according to their need of water
and predominance in ficld or in storage. The au-
thors noted that the "field fungi” invade grains
with moisture of 20-21%. Whereas the storage
fungi Aspergillus and Penicillium which predomi-
nate in grains 13% and 18% of MC.
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TABLE 1 - Absolute (AF) and relative (%) frequency of Aspergillus, Penicillium and Fusarium isolated from 90 samples of maize
from storage silos from different regions of Brazil, in relation to the moisture content of these samples.

Fungi Moisture content in the maize samples (%)
12.0—13.0 13.0—14.0 14.0 150 15.0 16.0 160 17.0 17.0 18.0 18.0 19.0

A. flavus

AF 4 1 8 8 3 5 4

% 11.4 11.0 533 727 50.0 50.0 10.0
A. oryzae

AT 6 1 2 - - - -

% 17.1 11.0 6.66 - - - -
A. parasiticus.. N .

AT - 4 - - - 2 -

% - 4.44 - - - 20.0 -
A. alutaceus

AF 6 - - - - - -

% 17.1 - - - - - -
A. alliaceus

AR 6 - - - - -

% 171 - - - - - -
A. petrakii

AT 6 - - - - - -

% 171 - - - - - -
A. chrysellius

AF 5 - - - - - -

% 14.3 - - - - - -
A. chevalierii

AF 4 - - - - - -

% 11.4 - - - - - -
A. versicolor

AF 2 - - - - - -

% 57 - - - - - -
A. sydowi

AF 2 - - - - - -

Do 51N - - - - - -
A. fumigatus

AF 2 - - - - - -

% 5.71 - - - - - -
A. niger

AF 1 - - - - - -

% 2.85 - - - - - -
A. tamarii

AT - - - - - - 1

Yo - - - - - - 25.0
Peniciliium spp

AF 20 9 10 7 2 7 4

% 57.1 100.0 06.6 63.6 333 70.0 100.0
Fusarium spp

AT 14 9 13 9 5 5 -

% 40.0 100.0 66.6 81.8 83.3 50.0 -
N2 of maijze
samples 35 9 15 11 6 10 4

() Absensc of fungi

In the 90 samples analyzed in this experi-
ment, the predominant genera were Aspergillus,

Penicillium and Fusarium and the grains always
presented MC varying from 12% to 18.8%. These

results are in agreement with those observed by
Christensen & Kaulman (1965).
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According to these authors and McLean and
Berjak (1987), the species of Fusarium that con-
taminated the grains in the field can remain for
some months in the stored grains. This observa-
tion can explain the frequent occurence of the Fu-
sarium in the samples analyzed in this study.
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In the genus Aspergillus, the most frequently
isolated species was A. flavus a fact that have
been observed by other authors (11,12).

According to Christensen & Kaufman (1965),
the species group from the Aspergillus genus
which predominate in the stored cereal grains, are:
A. glaucus, in grains between 13% and 14% MC,
A. candidus and A. alutaceus in grains with 15%
MC, and A. flavus in grains with 17.5% MC. Spe-
cies of genus Penicillium, predominate in stored
grain at low temperatures and MC over 16%.

Our results show that the fungi from the A.
glaucus and A. alutaceus group were only isolat-
ed in grains with low MC (between 12% and
13%). The species A. flavus, in spite of isolated in
grains with MC between 12% and 19%, was more
frequent in the samples with levels of MC over
14%. The other fungi were isolated sporadically.

From the A. flavus culiure, 39.4% were toxi-
genic and produced aflatoxin B; or B and B,.
All the culturcs of A. parasiticus produced afla-
toxin By, B,, G; and G,. These rcsults are in
agreement with other authors (10). According to
them all the strains of A. parasiticus arc aflatoxin
producers. Nevertheless, not all the strains of A.
Flavus have this capacity (17). These facts lead us
to conclude that A. flavus and A. parasiticus, po-
tential producers of aflatoxins, arc part of the nat-
ural mycoflora of this type of product. Under fa-
vourable conditions, they may grow and produce
aflatoxins.

Duc to the impossibility of avoiding the natu- '

ral fungic contamination of agricultural products
in the [icld or during the manipulation after the
harvest, it is necessary to maintain the adequate
storage conditions in order to control the develop-
ment of mycotoxins' producing fungi.

RESUMO

Microbiota fingica e espécies allatoxigénicas
do género Aspergillus provenientes
de milho armazenado

Pesquisou-se a microbiota fingica ¢ espécics
aflatoxigénicas do género Aspergillus em 90 amos-
tras milho provenientes de silos de armazenamento,

Foram isolados oito géneros flingicos: Asper-
gillus, Penicillium, Fusarium, Rhizopus, Acrenoni-
um, Cladosporium, Neurospora ¢ Paecilomyces.
Do géncro Aspergillus, a espécie Aspergillus fla-
vus foi a mais frequente, isolada de amostras com
umidade entre 14 ¢ 18%. De suas culturas, 39,4%
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eram toxigénicas e produziam somente aflatoxinas
do grupo B. Aspergillus parasiticus foi aterceira
espécic mais frequente, isolada de amostras com
umidade entre 13 ¢ 18%. Todos os isolados desta
espécic foram toxigénicos e produziram aflatoxi-
nas By, B,, G, E G,. As outras espécies do género
Aspergillus foram: A. alutaceus, (A. ochraceus),
A. petrakii, A. chriselius, A. versicolor, A. sydowi,
A. fumigatus e A. niger, € ocorrem somente nas
amostras com teores de umidade entre 12 ¢ 13%.

Palavras-chave: milho, microbiota flingica, afla-
toxinas, fungos aflatoxigénicos.
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THE IONIC CHARACTER OF THE ENVIRONMENT IN THE FLOCCULATION OF
PICHIA STIPITIS

Nei Pereira Jr."?
John D, Bu'Lock?

SUMMARY

Although cells of a flocculation strains of Pichia stipitis became completely dis-
persed by washes in distilled water, they reflocculated when suspended in solutions of
individual medium components. Ionic strength was suspected to be the primary cause
behind flocculation. The measurement of the electrical conductivity showed to be a
practical way of evaluating the ionic strength of the environment. Accordingly, floccu-
lation was more intense as the electrical conductivity of the aforementioned solutions
increased. At higher values of electrical conductivity (> 1000 uS) the degree of floccu-
lation was nearly constant, suggesting that charge reduction associated with conforma-
tional changes in cell wall proteins may be responsible for cell aggregation. Addition-
ally, a decrease in electrical conductivity of the medium, through dialysis, reduced the
ability of the cells to flocculate. The ionic character of the medium showed to be an

- important influencing factor in flocculation.

Key Words: Pichia stipitis, flocculation, ionic environment.

INTRODUCTION

Yeast flocculation describes an aggregation of
cells, which usually develops during the late-
exponential or stationary growth phase. There is a
consensus that it involves a protein-carbohydrate
(lectins) intcraction between proteins on flocculat-
ing cell surfaces and mannans present in cell walls
(7). The phenomenon is of interest in the develop-
ment of industrial processes, in studies involving
cell/cell interactions during fusion to produce zy-
gotes and in sexual aggregation (e.g., a and o cells
in haploid yeast cells).

Studies of yeast flocculation have been ap-
proached from various fields, which may be divid-
ed into three groups:

1. EBffect of the environment on flocculation
(2,4.,8,13);

2. Genetics of flocculating yeasts (3,7,11);

3. Nature and structure of the cell wall of floccu-
lating yeasts (9,12).

In this paper, the first of the above groups will
be approached with one flocculating strain of Pi-
chia stipitis, a D-xylose fermenting yeast.

There is no doubt that flocculation of pure cul-
tures is a genetic characteristic, and several floccu-
lation genes have already been identified in Sac-
charomyces species (3). Besides the genetic
characteristics of the cells, other factors related to
the environmental conditions can influence cell
flocculation. The environment affects direcly the
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cell wall electrochemical properties (1). This is be-
lieved to be due to the neutralisation of anionic
charges, primarily carboxyl groups, on the surfaces
of the yeast cells (10). Therefore, expression of the
ability to flocculate also depends on changes in the
pH, temperature and the presence of a range of
compounds in the medium which alter the ionic en-
vironment. Studies related to the ionic strength
have been concentrated on the effect of cations.
Very few works - the majority of them carried out
with brewer's yeasts - analyse medium composition
in itself on cell aggregation, mainly because of the
complexity of the fermentation media used in beer
production, There has been a great deal of work
done on the effect of cations as floc-promoters in
yeast - particulary calcium - however the explana-
tions for this cffect is still a subject of considerable
controversy. What is known is that nitrogenous
substances in the medium delay the point in the
growth cycle at which brewers' yeasts become po-
tentially flocculent (8) and that sugars are potent
deflocculants for brewer's yeasts (2). The aim of
this work is therefore to study the influence of the
medium components, and the medium as a whole
in the flocculation of Pichia stipitis.

MATERIALS AND METHODS

Microorganisms: The flocculating strain of
Pichia stipitis 5774 was obtained from the Central
Bureau voor Schimmelcultures (CBS) - The Neth-
erlands,

Medium composition: Cells were propagated
in a medium with the following composition: D-
xylose, 20 g; urea, 1.25 g; KH,PO,, 1.10 g; yeast
extract, 1.5 g; MgSO,.7aq, 0.50 g; CaCl,.2aq, 0.05
g citric acid, 0.50 g; FeSO,7aq, 0.036;
MnSO,4aq, 10.00 mg; ZnSO,.7aq, 12.00 mg;
CuSO,.5aq, 1.00 mg; CoCl.6ag, 2.00 mg;
NaMoO,.2aq, 1.40 mg; H,BO,, 2.00 mg; I, 0.36
mh; AL(SO,);, 0.50 mg, in 1000 mL of distilled
water. The initial pH was adjusted to 6.0 with 1M
of HCI or NaOH, and D-xylose was sterilised sep-
arately from the other components.

Inoculum development: The inoculum was
prepared by transferring a loopful of cells from the
[resh slope medium to 500 mL-conical (lasks con-
taining 200 mL of medium. The inoculated flasks
were incubated at 25°C on a rotatory shaker, at
180 rpm for 48 h.

Flocculation measurements: The degree of
flocculation was evaluated by the percentage of
cells remaining in suspension (R%), as described by
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Pereira Jr. & Bu'Lock (9). The R values were calcu-
lated by the following formula: R% = 100 C/C,%
whete C, is the free-cell concentration and C, is the
total cell concentration,

Electrical conductivity measurement: Dif-
ferent known concentrations of individual medium
components, as well as fresh or cell-free spent me-
dium (boiled or dialysed), and distilled water had
their electrical conductivity measured by a 4010
Conductivity meter, manufactured by Jenway,
UK. The conductivity could be measured over
five switched ranges from 0.01 S to 200 mS. The
apparatus cell constant presented a value of 1.03
uS. The pH of the solutions was adjusted to 6.0
with 0.1 M of HC1 or NaOH, and their tempera-
ture was 25°C.

Experimental methodology: Concentrated
solutions of individual medium components were
prepared previously (25 g/L for urea, yeast extract,
KH,PO,, and 200 g/L for D-xylose). Aliquots of
them were added to a determined volume of a dis-
persed cell suspension and the volume made up to
100 mL with distilled water so as to obtain the in-
tended concentration of each medium component
in the cell suspension. Then, the whole content was
tranfered to a 250 mL-conical flask, and the pH
value was adjusted to 6.0, in the same way as it was
for the electrical conductivity measurements. A 10
mL sample was removed from the well-mixed cell
suspension for the determination of the total cell
concentration and 50 mL placed in a measuring
cylinder for the flocculation assay. The solution
containing mineral salts and citric acid (SMS) was
preparcd 25-fold more concentrated than the actual
concentrations of its components in the growth me-
dium. Again, aliquots of this concentrated solution
were added to a determined volume of a dispersed
cell suspension and the volume was made up to
100 mL with distilled water in order to obtain the
desired concentration in the test. The cells originat-
ed from the same cultural conditions, being centri-
fuged at 2000 g for 20 minutes and washed three
times with distilled water in order to prepare a con-
centrated cell suspension (ca. 20 g dw/L) to be util-
ised in the experiments. Flocculation tests were
also carried out either in fresh medium, containing
all components together, or in cell-[ree spent medi-
um, obtained after cell centrifugation and the su-
pernatant filtered through a Millipore membranc
(0.45 um pore size, 47 mm diameter), The cell-free
spent medium was also boiled for one hour and dia-
lysed overnight, using celulose membrane dialysis
tubing (Sigma). Again the same methodology was
adopted for the flocculation assays.
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RESULTS AND DISCUSSION
Deflocculation caused by washesin distilled water
Centrifuged cells were sequentially re-suspended

in distilled water or in cell-free spent medium, both
at pH 6.0. Upon each re-suspension the cells were

Figure 1a
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and, after pH adjustment, the flocculation test was
immediately performed. It can be seen in the
graph of Figures 2, that except for D-xylose all the
other components can induce cell aggregation,
however to different extents.

Considering the initial concentrations of the
components in the medium one can conclude that

Figure 1b
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OBS: Order of re-suspension = 0 means end of fermentation

FIGURE 1 - Deflocculation caused by washes in distilled water (DW) and reflocculation by re-suspension in cell-free spent medi-

um (SM). Cells of Pechia stipitis CBS 5774.

homogenized by a stirring bar. So, a ‘control' was sct
up to check whether shearing forces would cause
any demage to the flocs, making them desaggregate
(Fig. 1b), which did not take place. It was observed
that when flocculating cells were washed with dis-
tilled water they lost their aggregation ability, be-
coming completely dispersed by the end of the sec-
ond wash (Fig 1a). When those same cells were re-
suspended in cell-free spent medium they regained
their ability to flocculate. The cells that had been ini-
tially resuspended twice in cell-free spent medium
(control), after centrifugation, also lost their ability
to flocculate when later washed in distilled water.
The findings led us to conclude that some compo-
nent in the medium was inducing flocculation, there-
fore theirisolated effect was examined.

Isolated effect of the medium components on
flocculation

Washed cells were re-suspended in different
concentrations of individual medium components

SMS conc. (mL/L) or Xylose conc. (g/L)
0 20 40 60 80 100

in suspension (R%)

Percentage of free-cells

20 T ¥ v T ¥ ¥ M ¥
0 2 4 6 8 10
Y.E. or Urea or KH, PQ, conc. (g/L)

FIGURE 2 - Isolated influence of the medium components on
flocculation of P. stipitis CBS 5774.
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KH,PO, and the solution of mineral salts are the
ones which contribute more to the cell aggrega-
tion, although yeast extract and even urea can
also induce flocculation in higher concentrations
(up to 10 g/L). Nevertheless, all of them present-
ed the same pattern, i.e. an increase in their con-
centrations favours flocculation. Glucose, man-
nose, maltose and fructose are reported to be
potent defflocculants for brewer's yeast (2), and
D-xylose shows not to be different in the floccu-
lation of Pichia stipitis, even in concentrations as
high as 100 g/L.

Taking these observations into account, it was
suspected that the ionic strength might be the
cause of the phenomcenon observed. It seemed to
us that a practical way to ecvaluate the ionic
strength would be by measuring the electrical con-
ductivity of the solutions of the medium compo-
nents. Theoretically, the evaluation of the ionic
strength (LS. = 1/2 X c¢.z?), which takes into ac-
count the molar concentration of the ion (¢) and its
charge (z), would result in error. This would be
due to the difficulty in considering the increasc in
the ionic strength caused by additions of HCl and
NaOH, when adjusting the solutions’ pH values.
Morcover, electrical conductivity is directly pro-
portional to ionic strength (K =%, z2F2.u.c, wherc
'F' is the Faraday constant and 'u' is the electrolytic
mobility), and in dilute solutions it is a linear fun-
ction of the concentrations of the components (5).
The results of the electrical conductivity measure-

SMS conc. (mL/L) or Xylose conc. (g/l.)
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FIGURE 3 - Electrical conductivity measurcments of the solu-
tions of the individual medium components.
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ments of different concentrations of the medium
components are plotted in the graphs of Fig. 3.

The percentage of cells remaining in suspen-
sion were plotted against the electrical conductivi-
ty measurements (Fig. 4). All medium components
were taken info account, except for D-xylose,
which exhibited no effect whatsoever on refloccu-
lation of dispersed cells, even in concentrations as
high as 100 g/L.
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Electrical conductivity (uS)
FIGURE 4 - Flocculation of Pichia stipitis as a function of the
ionic character of the medium.

The pronounced effects of electrical conduc-
tivity, or in other words, of ionic strength, on the
flocculation of Pichia stipitis strain CBS 5774 in-
dicate that a reduction in the cell surface charge
may have happened as the ionic strength of ihe so-
lutions increased. Taylor & Orton (13) also found
that flocculation intensity in Saccharomyces ce-
revisiae was dependent on the ionic strength of
calcium solutions in Tris pH 7.6 buffer, and was
maximum at about 0.01 ionic strength. But, then
again their study was not done in the fermentation
medium. Our previous work (9) showed the in-
volvement of cell wall proteins in the phenomenon
of flocculation, and like any other protein, they
possess ionisable groups. They can therefore be
made to exist in solution as electrically charged
species, either as cations or anions. This effect is
so marked in proteins that it serves as a basis for a
congiderable number of techniques, which permit
their separation, and also the determination of
their physical-chemical propertics. It apperars that
when the ionic strength of the medium is low, the
cell wall protein assumes a conformational struc-
ture where one of its ionisable groups (probably
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carboxyl) might prevail, and consequently cause
the cells to repel from each other (10). It is also
well known that the concentration of ions in the
medium can significantly affect the surface prop-
ertics of microorganisms (1). This is probably due
to the fact that proteins can readily bind ions from
the solution (6). In this way, as the ionic strength
of the medium increases there might be conforma-
tional changes in cell wall proteins, associated
with neutralization of repulsing charges. This
would allow the forces responsible for aggrega-
tion to be operated. It is believed that hydrogen
bonds between cell wall proteins and mannose res-
idues on adjacent cell walls are the principal inter-
actions that bring about flocculation in yeasts (7).

The combined effect of the medium components
on flocculation

Four further measurements were carried out
with known electrical conductivity of fresh and
free-cell spent medium. The latter medium was ei-
ther boiled for onc hour or dialysed overnight. Af-
ter the cells had been separated and washed twice,
they were resuspended in such media, and the pa-
rameter R% determined immediately afterwards.
Table 1 shows that a reduction in the electrical
conductivity of the medium, through dialysis, di-
minishes the degrce of flocculation, confirming
that the ionic strength is a deciding factor in cell
aggreggation. No tangible differences in the per-
centage of cells remaining in suspension were
found when frash or spent medium (boiled or not)
were used, which is certainly a reflexion of the
higher electrical conductivity of these media.

TABLE 1 - Electrical conductivity of the medium and its rcla-
tion to flocculation of Pichia stipitis CBS 5774 (CT~6.5 g/L);
p=6.0. The R values represent a mean of 3 measurements.

Medium Elect. cond. (US) R (%)

Fresh medium 2680 23.4 +/- 1.6
Spent medium 1428 22.6 4/-2.1
Boiled spent medium 1547 21.8+/-2.5
Dialysed spent medium 328 43.6 +/- 1.8

RESUMO

O caréter i0nico no processo de floculagiio
de Pichia stipitis

Embora células de uma linhagem floculante de
Pichia stipitis tornaram-se completamente disper-
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sas apds lavagens com dgua destilada, essas mes-
mas células reflocularam quando suspensas em
solugdes de componentes individuais do meio. A
forca idnica de tais solugdes foi suposta ser a causa
primdria do fendmeno. A medida da condutividade
elétrica mostrou ser um modo pritico de avaliar a
forga idnica do meio ambiente. A floculagdo foi
mais intensa quanto maior o valor da condutividade
clétrica das solugdes, atingindo o seu 6timo e per-
manecendo praticamente constante para valores de
condutividade elétrica acima de 1000 uS. Isto su-
gere que reduciio de cargas associada & mudangas
conformacionais na estrutura das proteinas da pa-
rede celular tenham sido responsiveis pela agre-
gacdo de células. Adicionalmente, uma diminuigio
da condutividade elétrica do meio, através de
didlise, reduziu a habilidade das células de flocular.
O carater idnico do meio mostrou ser um impor-
tante fator influenciador na floculagio.

Palavras-chave: Pichia stipis, [loculagfio, meio
i0nico.
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VIRULENCE OF CANDIDA ALBICANS "CLONES"

Edson Marden Bonificio e Souzal
Arlete Emily Cury?
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SUMMARY

Lethal activity of blastospores and of intracellular and extra cellular extracts
from yeast (Y) and micelial (M) growth forms, from five "clones" of different strains
of C. albicans, selected on the basis of morpho-physiological and chromosomal char-
acteristics, were studied in mice. The inoculation of 5x10* blastospores from the dif-
ferent "clones" studied in mice did not kill the animals. When 10° blastospores from
each "clone" was tested, the Ca 3.7 "clone" was the most virulent and Ca 5.5 the less
virulent. The extracellular and intracellular extracts from the yeast (Y) phase of the
Ca 3.7 "clone” killed all the animals just after inoculation, The extracellular extracts
of the micelial (M) form of this "clone” were atoxic and the intracellular extract of
the M form killed 67% of the animals. The intra or extracellular extracts from the Ca
5.5 "clone" was atoxic. SDS-PAGE analysis of the intra and extracellular extracts
from the sclected "clones” did not show a clear correlation with both virulence of the
"clones” and toxicity of the extracts. When blastopores were added to mouse activat-
ed peritoneal macrophage cultures, the highest phagocytic index was observed with
the Ca 5.5. The index of fungi killed by mouse peritonial macrophages was the same
for Ca 3.7 and Ca 5.5 "clones".

Key Words: Candida albicans; "clones", virulence; cell extract, proteic fractions,
toxicity.

INTRODUCTION

Among the species which cause candiosis C.
albicans is considered the most virulent (26). The
degree of virulence may vary from strain to strain
(3) although some authors believe that such prop-
erty may be unstable (11,27).

The biological determinants which confer vir-
ulence to C. albicans has been a matter of contro-
versy. Adhcrence, dimorphism, toxin production,
enzyme sccrction, and certain cell wall compo-
nents, all have been associated to virulence of the
fungi (12,26). Novertheless, the correlation be-
tween the pathogenicity of C. albicans strains and
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their cell and mollecular properties are not yet ful-
ly established (26).
Considering that strains of C. albicans may

be constituted of heterogencous populations (29),

this work was undertaken in order to analyse the
variations in the degree of blastospore virulence

narasite. A correla-

1 1"
f\r ot N
selected "clones” of the parasile. A COrreis

Ui dvivwviva v LRI
tion between virulence and the intra and extra-
cellular extract toxicity of the "clones” was dem-
onstrated.

MATERIALS AND METHODS

Strains "Clones" Ca 1.2, Ca 2.4, Ca 3.7, Ca
4.10 and Ca 5.5, previously selected by morpho-
physiological and chromosomal characteristics
from 5 different C. albicans strains (29,30), were
used in this study.

Extracellular (EE) and intracellular (IE)
extracts of the micelial (M) and yeast (Y)
forms - A suspension of ycast cells (equivalent to
n? 10 standard McFarland) were inoculated in 50
ml of Lee medium and incubated for 72 hs. The
Y form was grown at 25°C and the M form at
37°C (21). Each culture was centrifuged and the
cells respectively subceultured at 25°C and 37°C.
To obtain the EE each "clone" culture sample
was centrifuged for 15 min at 5,000 rpm. The su-
pernatants were fiitered by negative pressure
(Seitz filter, 0.42 um), concentrated under vacu-
um, dyalised and liophilized. The sediment of
each samplec was separated, washed twice with
distilled water and used for the isolation of IE.
The cells were suspended in 2 ml of water and
transferred to a graal, In order to brake the cells,
liquid nitrogen was added and the cclls were
broken with the use of a pistile. The resulting sus-
pension was transferred to an Eppendorf tube and
centrifuged at 10,000 rpm at 5°C for 30 min. and
the supernatant liophilized.

Sodium Dodecyl Sulphate Polyacrylamide
gel Electrophoresis (SDS-PAGE) analysis of EE
and EI - The protcic concentrations of M and Y
from cxtracts were carried out by the Bradford
method (8). An aliquote of each extract containing
20 g of protein was diluted in sample buller fol-
lowed by the addition of 5% of B-mercaptocthanol
(final concentration), and the solution warmed at
100°C for 3 min. The gel was prepared according
to Lacmmli (20) using as molecular mass standers,
solutions of carbonic anidrase (29kDa), ovalbumin
(45kDa) and serum albumin (66kDa). Gels were
dryed and prepared according to Ansorge (5).
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Animal Inoculation - Each "clone" was grown
in Lee medium for 24-48h at 25°C, washed by
centrifugation and suspended in saline at the con-
centrations of 5x10% or 108 cells/300 pl. These cell
concentrations, reported by Odds (26), respectively
as the DL, and DL for C. albicans, were inoculated
(i.v.) in groups of 6 mice NZW, 20-25g, with 30
days of age). Inoculated mice and control animals,
were maintained under observation for 30 days.

Extract solutions (EE and EI from M and Y
forms)-with 25.5,17,-8.5, 4.25 and 2.12 pg of pro-
tein/300 pl of saline were inoculated (i.v.) in 6
mice. Inoculated mice and the controls were main-
tained in observation for 30 days.

Phagocyiosis - The ability of activated peri-
toneal macrophages to kill blastospores from the
"clones" used was evaluated by the method of
Kolotila et al. (19). Briefly, macrophages were
obtained by inoculating i.p. 0.1 ml of 1% Conca-
navalin A (Sigma) solution. Alter 7 days, 3 ml of
PBS were injected (i.v.) and the peritoneal cavity
washed. The number of cells in the washing so-
lution was adjusted to 9x10° cells/ml. 30 ul of
this cell suspension was placed on a round cover-
slips in a plastic plate of 12 wells. The cells were
allowed to adhere to the glass for 15 min, the
coverslips vigorously washed in PBS and main-
tained at 37°C in Eagle medium with 0.02 M
Herpes buffer.

Yeasts were cultivated in YEPD for 24h at
25°C, the cells washed by centrifugation at 3,000
rpm for 10 min, and suspended in PBS. The cell
suspension was adjusted to 2x10° yeasts/ml. The
yeasts were opsonized by mixing 1 ml of normal
human serum, 1 ml of PBS and 1 ml of cell sus-
pension. 0.1 ml of opsonized ycasts were added
to the macrophage cultures and incubated at 37°C
for 45 min. Then, 15 pl of ncutral red solution
(0.02 g/ml of PBS) was added to the plates and
maintained at 37°C for 15 min. The coverslips
were vigorously washed in PBS and mounted in
the same solution for microscopic analysis. The
phagocitic index was obtained by counting the
percent of macrophages which phagocytised the
yeast (25). The number of yeasts per macrophage
and the number of stained yeasts (dead cells)
were also evaluated.

RESULTS

Virulence of the "clones" - Inoculation of
the yeast "clones” in mice resulted in different de-
grees of mortality of the animals, as shown jn Ta-

i
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TABLE 1 - Blastopores of "clones" arisen from different C. al-
bicans strains, in NZW mice.

5x10* cells/mice 108 cells/mice

Clones Death @) Days %) Decath n® Days (n%)
Cal2 0/6 30 2/6 3
1/6 5
Ca24 0/6 30 2/6 5
2/6 9
Ca37 0/6 30 4/6 3
2/6 4
Ca4.10 0/6 30 2/6 7
2/6 9
Cas.5 0/6 30 2/6 9

ble 1. The inoculation of 5x10* blastosporcs per
mouse did not kill the animals, but 106 resulted in
the death of the animals in a different proportion
in a period from 3 to 9 days. The "clone" Ca 3.7
was the most virulent killing all animals after 4
days of inoculation and the "clone” Ca 5.5 was the
less virulent killing 2 out of 6 animals after 9 days
of inoculation.

Proteic glycoproteic fractions of the ex-
tracts - In general, the number and the molecular
mass of the proteic fractions varied according to
the Y or M form of the "clone” and with the type
of extract (Table 2). Although fractions with simi-
lar molecular masses were detected from the dif-
ferent extracts, the EI derived from any one of the
"clones” presented a number of proteic fractions
(21 to 34) superior to EE (5 to 8).

Extract toxicity - The EE derived from M
forms of any of the "clones” did not cause death of
the animals until 30 days after inoculation. For the
other cxtracts, the results varied with the "clone"
and its M or Y forms. The EE and EI from Y form
of Ca 3.7 causcd an anaphilatic type reaction and
the death of all animals immediately or during the
inoculation. The least toxic extract was obtained
{rom the "clonc" Ca 5.5 (Table 3).

Blastospore phagocytosis and killing by
peritoneal macrophages - The phagocytic index
varicd from "clonc” to "clone”. The highest index
was obtained with yeasts from the "clone" Ca 5.5
and the lowest from the "clone” Ca 1.2. The phag-
ocytic index for the "clone™ Ca 3.7 was intermedi-
ary (Table 4). The susceptibility of yeasts from
different "clones” to be killed by peritoneal macro-
phages is shown in Table 5. Cells from the "clone”
Ca 5.5 were phagocytised in a larger number. This
property did not correlate with the capacity of
macrophages to kill the yeasts.

Rev. Microbiol., Sdo Paulo, 25(1), 1994

DISCUSSION

Our results confirm and extend previous ob-
servations concerning the heterogeneity of the
populations of C. albicans strain (29).

In previous studies 4 different profiles of chro-
mosomal DNA were traced for the 5 "clones" here
analysed (30). Ca 3.7 and Ca 4.10, which presented
similar DNA profiles, were serotype A, producers
of germ tube and secreted proteinases. Ca 3.7 but
not Ca 4.10 was able to produce phospholipases
(29). As shown, these "clones" were notably differ-
ent concemning their blastospore virulence to mice.
On the other hand, the Ca 4.10 "clone" which dif-
fers from Ca 2.4 in their chromosomal profile (30)
and serotype (29), originates blastospores with
identical virulence as that of Ca 2.4 "clone". Never-
theless, the Ca 4.10 which has similar serotype and
germ tube production to Ca 1.2, needed almost
twice the time required by the blastospores of Ca
1.2 to kill one more animal. The "clone” Ca 5.5
also presented morpho-physiological characteris-
tics similar to those of Ca 3.7, except for their sero-
type. Considering the results obtained with the
blastospores inoculation, the Ca 5.5 can be consid-
ercd the less virulent among the "clones”, and Ca
3.7 as the most virulent.

Bascd on these results the degree of virulence
of the "clones" could be directly related to the ser-
otype, although it is largely reported in the litera-
ture that C. albicans virulence is associated to the
scrotype of the strain. Differences between strain
scrotypes A and B have becn associated to viru-
Ience (1,2,3,6,13). However, comparing the sero-
types of the "clones” here studied, it was not possi-
ble to corrclate the scrotypes and degree of
virulence of the different "clones”.

Other characteristic related to virulence is the
exocnzymes. The "clones” Ca 1.2 and Ca 4.10,
both serotype A as the "clone" Ca 3.7, had differ-
ent patterns of exocnzymes. The "clone” Ca 1.2
did not sccrete proteinases but secreted phospho-
lipases. The "clone" Ca 4.10 secreted proteinascs
but not phospholipases (29). When these two
"clones” were compared in view of their viru-
lence, both were less virulent than the Ca 3.7
which sccrets both proteinases and phospholipas-
es. These results also show that also exoenzyme
secretion can not be directly related to virulence
of the "clones”.

Another characteristic associated with vira-
lence is the production of a germ tube (9,31), which
scems to turn the yeast more invasive in the host tis-
suc (4,14,18). Our results could not demonstrate a
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TABLE2 -1
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110
107
105

98
o
88

8
81
78
6
]

-
7

70
69,5
67

65
62

58
57
33
56
55

53
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5
50
49
48
47
46
45

43
2
41
40
39
38
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36
35

33
32
3
30
29,5
29
28
27
26
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25
24,5
24
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21,5
21
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19,5

18,5
17
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lecular weight of the intra (TE) and extracellular extracts (EE) of the Y and M forms of C. albicans analyscd by SDS-PAGE,

1 P

Y-IB

M-IE

Y-EB

M-EE

Cal2 Ca24 C237 Ca4l0 Ca5s

Cal2 Ca24 Ca3d7 Cadl0 Ca3s

Cal2 Ca24 Crld7 Ca4l0 CaSs

Cal2 Ca24 Cald7 Ca410 Cass
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TABLE 3 - Extracellular (EF) and intracellular (EI) extracts
inoculation of micelial (M) and yest (Y) forms of C.albicans
"clones" in mice.

EE IE

M Y M Y

Clones Death Time Death Time Death Time Death
(n® hours (1) hours (0% hours (%

Cal2 0/6 - 2/6 24 0/6 - -
Ca24  0/6 - 0/6 - 4/6 0 -
Ca37 06 - 6/6 0 4/6 24 0
Cad.10 0/6 - 4/6 24 2/6 0 -
Ca55 0/6 - 0/6 - 0/6 - -

TABLE 4 - Phagocytic macrophage index to C. albicans
“clones".

Clones (%) Macrophages Mcan of yeast per  Phagocytic
that phagocytose macrophage index
Cal2 17.25 235 40.53
Ca2.4 19.75 2.4 47.4
Ca37 28.5 2.1 59.85
Ca4.10 38.0 2.0 76.0
Cass 43.75 2.2 96.25

TABLE 5 - Phagocytosis of C. albicans "clones" in vitro,

Clones (%) Macro- (%) Macro- (%) Macro- (%)Macro-
phages that phages with phages with  phages with

phagocytose  live cells dead cells  live/dead cells
Cal2 17.25 3.75 8.5 5.0
Ca24 19.75 3.5 10.75 5.5
Ca3.7 28.5 9.75 6.75 12.0
Cad.10 38.0 11.0 7.75 19.25
Cal.5 4375 13.0 6.75 24.0

correlation between germ tube formation and viru-
Ience since, even the less virulent "clone”, the Ca
5.5, which did not kill mice produce germ tubes.

The virulence of C. albicans strains has also
been associated to endotoxins, characterized as
glicoproteins and acid proteins isolated from the
fungi cytoplasm (16,17,28). Anaphilatic shock,
among other type of reactions, has been described
to occur in animals inoculated with intracelular ex-
tracts of the yeast or with purified toxins
(10,15,16,22).

C. albicans exotoxins with low toxicity have
also been reported (7,24,32). Our data corrobo-
rates these observations since the EE obtained
from the M forms of the "clones" was unable to
kill inoculated mice. Nevertheless, a high level of
toxicity was detected when the EE obtained from

Rev. Microbiol., Sio Paulo, 25(1), 1994

the Y forms tested. EE from the Y forms were
tested. EE from the Y forms of the "clones" Ca
1.2, Ca 3.7 and Ca 4.10 killed the mice. The EE
extract from the Y form of the "clone" Ca 3.7, the
most toxic, was able to kill all mice during or im-
mediately after inoculation.

The IE of the M and Y forms of the "clones”
showed different degrees of toxicity. The IEs from
M forms of "clones" Ca 2.4, Ca 3.7 and Ca 4.10
showed a certain degree of toxicity. However,
only the IE from the "clone" Ca 3.7 killed all the
inoculated animals. These results show distinct
characteristic of the "clone" Ca 3.7 which directly
correlates with the high virulence of blastospores
of this "clone" when compared with the other
“clones".

Our results clearly demonstrate that different
"clones" of C. albicans show different degrees of
virulence although the different parameters related
as virulence factors (12,23,26) were not able to ex-
plain these differences. It becomes clear that the
"clone" Ca 3.7 must be reevaluated since it
showed a strick correlation between blastospore
virulence and IE toxicity.

The relationship between the fagocytic and
killing indexes of Candida cells by activated peri-
toneal macrophages and fungi toxicity could not be
established. Nevertheless, the less virulent "clone”,
the Ca 5.5, showed the highest index of phagocyto-
sis but the lowest index of killing. The highest in-
dex of killing was observed with the "clone” Ca
2.4 which showed an intermediary degree of viru-
lence "in vivo". The "clone" Ca 3.7, the most viru-
lent "in vivo", showed an intermediary index of
phagocytosis and killing of the Candida cells.

SDS-PAGE analyses of the intra and extra-
cellular extracts showed marked differences. In-
tracellular extracts presented a higher number of
components than those obtained with EEs. The
analysis of these results did not allow the charac-
terization of the degree of virulence of the select-
ed clones.

Based on the results herein obtained, it is evi-
dent that further studies are needed in order to point
out with security the factors associated to the differ-
ent degrees of virulence of Candida albicans.

RESUMO
Viruléncia de "clones" de Candida albicans

Com base em caracteristicas morfo-fisiologicas
¢ cromossomais foram selecionados cinco "clones”
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oriundos de diferentes cepas de Candida albicans.
Por meio de inoculagdes em camundongos investi-
gou-se a atividade letal de blastésporos e de extra-
tos intra e extracelulares das fases leveduriforme
(Y) e micelial (M) dos cinco "clones”. A inocu-
lagao de 5x10* blastésporos de qualqucr dos

ectndadne ndn foir letal nara og animaig

"clones"
WOLULIGVIUD AU AUL AV LR llﬂil‘l AN CLERLRRECERD,

(210 $iwn ]

Por outro lado, a inoculagio de 106 blastdsporos
mostrou que o "clone” Ca 3.7 era o mais virulento,
enquanto que o Ca 5.5 cra o menos virulento. Os
extratos-intracelular e-extracelular-da-fase Y -do
"clone” Ca 3.7 foram letais para todos os animais,
logo apés a inoculagfio. Entretanto, o cxtrato extra-
celular da forma M deste "clone” nfio mostrou tox-
icidade, enquanto quc, o extrato intraceluiar matou
67% dos animais. Os extratos oriundos do "clone”
Ca 5.5 nfio apresentaram toxicidade. A andlisc dos
extratos dos diferentes “clones” por SDS-PAGE
nfio mostrou ocorréncia de uma nitida associagiio
entre viruléncia dos "clones” ¢ a toxicidade dos ex-
tratos. A partir do estudo com macréfagos "in vi-
tro" obteve-se para o "clone" Ca 5.5 o maior indice
de fagocitose. Entrctanto, a percentagem de
macréfagos com células mortas foi a mesma para
os "clones”" Ca3.7¢Ca5.5.

Palavras-chave: Candida albicans, viruléncia,
"cloncs”, cstratos cclulares, [ragBes protéicas,
toxicidade.
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IN VITRO INHIBITION OF SPORES GERMINATION OF ALTERNARIA SOLANI BY

THREE FUNGICIDES

Yoko Takaki Konno!

José Octavio Machado?

Manuel G. C. Churata-Masca3

SUMMARY

In vitro inhibition of the of spores germination of Alternaria solani by iprodione,
chlorothalonil, and anilazine at different dosages was studied. The highest concentra-
tion of active ingredient studied for each fungicide was equivalent to that recommend-
cd for the control of the early blight, under ficld conditions: 0.75; 1.80 and 1.44 g,
respectively, of iprodione, chlorothalonil and anilazine per litre of water. A series of
two-fold diluitions of each original concentration was studied in additional nine exper-
iments. Eah of the three fungicides showed total in vitro spore inhibition at the highest
rate, at six hours of incubation. At nine hours, only analazine mantained its full inhibi-
tion activity. The inhibition activity of iprodione decreased suddenly after 1/2 dilution,
so that at the 1/8 dilution a total loss of inhibitory activity was observed. Chlorothalo-
nil showed a progressive and slighter decrease of its activity as the dilution rate

increased.

Analizine showed a high inhibitory activity at higher dilutions, without any loss
up to 1/128 dilution. Even at 1/512 dilution, its activity was so high that only 20% of
spore germination was observed at six or nine hours of incubation.

Key words: Alternaria solani,spore germination, fungicides, in vitro inhibition.

INTRODUCTION

The early blight causcd by Alternaria solani
(Ellis & Martin) Jones & Grout is onc of thc most
common fungal diseascs in tomato and potato
crops. In tomato, early blight signals occur on
leaves, stems and fruits, causing up to 46% of
yield losses (4). The primary inoculum source is
constituted by the crop debris, from where the
conidia produced arc wind dissecminated to new
tomato plants and potato crops. Under high mois-

turc conditions, darkness, and temperatures
between 24°C and 34°C, conidia germinate on the
host surface and the fungus penctrates by means of
an appressorium (8, 9).

Usually, the early blight is controlled preven-
tively by applying one of the following chemicals;
maneb, mancozeb, iprodione, chlorothalonil, or
copper fungicides.

"In vitro" studies on inhibition of A. solani
sporcs germination can be important in the previ-
ous chemical screening as fungicides for discase

1,3.  Area de Olericultura ¢ Plantas Aaromdticas-Medicinais do Departamento de Horticultura - UNESP Campus de Jaboticabal -

CEP 14870-000 - Jaboticabal - SP, Brasil.

2. Area de Microbiologia Agricola do Departamento de Microbiologia - UNESP Campus de Jaboticbal - CEP 14870-000 - Ja-

boticabal - SP, Brasil.
For correspondence
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control. Specific culture media (5) and light condi-
tions required for sporulation of A. solani make
these in vitro studies. Satisfactory sporulation,
however, can be obtained by the use of the method
recently proposed, with alternated dark/light con-
ditions, UV light use, and the addition of CaCO3
in the culture medium (7).

The objective of the present study is the deter-
mination of the in vitro inhibition activity of the A.
solani spores germination by each on of the three
fungicides: ipridione, chlorothalonil and anilazine.

MATERJIALS AND METHODS

Ten different experiments were carried out to
study the inhibitory effect of each one of the fol-
lowing chemicals: iprodine, chlorothalonil, and
anilazine, on the A. solani conidial germination.
Dcionized water was used as the control treatment.
In the first experiment, concentrations as active
ingredients (a.i.) equivalent to those used for ficld
control (3) of the disease 0.75g of iprodione; 1.80g
of chlorothalonil and 1.44g of anilazine per litre of
watcer were studied. In the subsequent nine cxperi-
ments, rates were reduced to 1/2; 1/4; 1/16; 1/32;
1/64; 1/128; 1/256; 1/512.

One tenth (0.1ml) of a conidial suspension
containing 50 to 100 conidia per microscopic
ficld, were added to 1.0ml of each fungicidal
water solution in hemolysis tube. The spore sus-
pension was obtained by brushing the fungal
growth in PDA-CaCO, medium in which micelia

Rev. Microbiol., Sdo Paulo, 25(1), 1994

were submeted at alternated dark/V.V. light condi-
tion (5,7) after flooding the Petri dish surface with
3ml of deionized water. The A. solani isolate was
obtained from tomato leaf lesions, in PDA the
same used as stock culture medium.

In every experiment the randomized block
cxperimental design was utilized with four treat-
ments (three fungicides and one control) replicat-
ed three times. Spore germination was assessed at
six and at nine hours of incubation at 27°C, by
examination of five microscopic (100 x) fields on
the slide for each replication. The percentage data
obtained, were transformed in arc. sen Vp100 for
statistical analysis purpouses (1).

RESULTS AND DISCUSSION

At the highest rate, each of the three fungicides
inhibited spore germination at six hours of incuba-
tion (Figure 1), but at nine hours, only anilazine
determined total inhibition. At this time, 3%; 18%
and 94% of germination were observed in iprodione,
chlorothalonil, and control treatments (Figure 2).

Iprodione showed to be effective up to the 1/2
of the rate recommended for field control of the
disease at six hours of incubation (Figure 1). Its
inhibitory capacity suddenly decreased at dilutions
tigher 1/2, so that at the 1/8 dilution a total loss of
inhibition capacity occurred as well as at six and
at nine hours of incubation (Figures 1 and 2).

Chlorothalonil showed a decrease in its spore
germination inhibitory capacity from 1/2 dilution,
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FIGURE 1- In vitro germination of the Alternaria solani spores in three fungicides water solution (1- control; 2- iprodione;
3- chlorothalonil and 4- anilazine) at differtent rates (1/1 equivalent to the rates for field control up to dilution 1/512), after
six hours of incubation at 27°C. Bars indicated by the same letter do not differ by Tukey's test, 0.03. .
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FIGURE 2 - "In vitro" genmination of the Alternaria solani spores in three fungicides water solution (1- control; 2- iprodione;
3- chlorothalonil and 4- anilazine) at differcnt rates (1/1 equivalent to the rates for field control up to dilution 1/512) after ninc
of incubation at 27°C. Bars indicated by the same letter do not differ by Tukey's test, 0.05.

but the loss of inhibition activity was progressive
and in some instances slighter than that of iprodi-
one (Figures 1 and 2).

Anilazine maitainedits inhibitory capacity up to
1/28 dilution, at six hours of incubation. Even at the
dilution of 1/256 or 1/512 its inhibitory activity was
so high as only 20% of germination was observed, at
six or ninc hours of incubation (Figure 2).

Since anilazine showed a high inhibitory
activity at higher dillutions, it has a high potential
as a chemical for carly blight control.

The results obtained show that the "in vitro"
evaluation of the inhibition of the spores germina-
tion can be utilized only as an indication of the fungi-
cide cffect on the control of the tomato early blight,
In field conditions other factors such as environmen-
tal conditions and application techniques can inter-
fere on the fungicidal cffect. So, in this paper, anila-
zinc showed to be the most effective chemical "in
vitro" conditions, but, in ficld conditions, according
to Chupp & Sherf (2) iprodione, chlorothalonil and
anilazinc do not differ in the control of the potato
carly blight, and according 1o Frairc Mora (6), anila-
zine is Iess efficient than chlorothalonil.

RESUMO

Inibigiio "in vitro" da germinagio de esporos
de Alternaria solani por trés fungicidas

Foram rcalizados 10 cxperimentos cm con-
digtes de laboratdrio, utilizando-se isolados scl-

66

vagens locais do fungo Alternaria solani obtidos
de folhas de tomateiro. O primeiro experimento
consistiu na inocula¢fio de esporos em solugdes
dos fungicidas seguintes, cujas concentragdes
estfiio cxpressas em ingredientes ativos (i.a.):
iprodione 0,75g/1; chlorothalonil 1,80g/1 ¢ anila-
zine 1,44g/l. Outros nove experimentos foram
realizados, concomitantemente, mas reduzindo-se
as concentragdes para: 1/2, 1/4, 1/8, 1/32, 1/64, 1/
128, 1/256 ¢ 1/512. Essas dilui¢des foram feitas
em tubos de hemdélise. Em todos os casos, [oi
incluido um tratamento testcmunha, com &gua
deionizada. Os cultivos experimentais foram man-
tidos cm ambiente de 27°C. As avaliagBes consis-
tiram na determinagfio da porcentagem dos espo-
ros germinados em 5 campos microscépicos
(aumento de 100 x) realizadas 6 horas e 9 horas
apds a inoculagfio dos esporos em cada solugfio de
fungicida, sendo os dados transformados em arc.
Vsen p/100 para o tratamento estatistico.

Na maior concentragfio, todos os fungicidas
inibiram a germinagfo de esporos de A. solani,
nas avaliagtes realizadas 6 horas apés a inocu-
lagfio. Nas avalingdes de 9 horas constatou-sc
que, apcnas, o fungicida anilazine foi capaz de
inibir completamente a germinagfio dos esporos,
cnquanto quc nos demais tratamentos as porcen-
tagens de germinagiio foram de 3%, 18% ¢ 94%
respectivamente para iprodione, chlorothalonil ¢
Agua. Nos cxperimentos com mMCROICs concen-
tractes dos fungicidas constatou-se significativos
aumentos nas porcentagens de germinagiio de
csporos, ¢xceto para anilazine, que manteve int-
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bi¢dio até a dilui¢io 1/64 (na avaliacfio dc 9 horas
apds inoculago).

Palavras-chave: Alternaria solani, germinagfio de
esporos, fungicidas, inibi¢io "in vitro".
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PRODUCTION OF STAPHYLOCOCCAL ENTEROTOXIN A IN WHITE CHEESE

Liliana Laura Costanzo Anunciagiio®
Walter Roberto Linardil
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Merlin S, Bergdoll®

ABSTRACT

White cheese has been involved in many staphylococcal food poisoning outbreaks
in Minas Gerais State, Brazil. Experiments were conducted to determine at what stage
in the making of white cheese is the enterotoxin produced that is the cause of staphylo-
coccal food poisoning. Pasteurized milk was inoculated with 102 and 10% cfu/ml of an
enterotoxin A-producing Staphylococcus aureus strain and incubated at 26°C-27°C for
varying lengths of time before making the cheese. The milk, samples of the curd, and
day-old cheese were used for determining staphylococcal count and the presence of
enterotoxin, No enterotoxin was detectable in the cheese made from the milk inoculat-
ed with 102 cfu/ml. Enterotoxin was detectable in the cheese curd made from the milk
inoculated with 10* cfu/ml after it had been held for 5 hours and was present in all

cheese samples.

Key words: cheese, milk, staphylococci, enterotoxin, food poisoning.

INTRODUCTION

Staphylococcal food poisoning is a common
foodborne disease that occurs in most countries of
the world. The incidence of this disease is not
known because it is relatively mild and most cases
are not reported to health authorities. The vomit-
ing and diarrthea that usually accompanies it lasts
only a few hours to one day, hence, most people
who are affected never seek medical attention (1),
This type of food poisoning has come to the atten-
tion of public health authorities in Brazil in recent
years and a number of outbreaks have been inves-
tigated. One of the most common items of food in-
volved is white cheese, usually the home-made or

small producer variety (3). Although the commer-
cially manufactured Minas cheese could also be a
source of staphylococcal food poisoning (8), it is
less likely to be involved.

This research project was undertaken to dem-
onstrate the probable conditions leading to the in-
volvement of white cheese of the small producer
variety in staphylococcal food poisoning.

MATERIALS AND METHODS
Staphylococcus aureus. The Staphylococcus

aureus strain used in this study was FRITIOO_, a
strain that had been isolated from a food poisoning

1. Departamento de Microbiologia, Instituto de Ciéncias Biolégicas da UFMG. .
2. Fundagfio Ezequicl Dias, Laboratério de Microbiologia de Alimentos, Rua Conde Percira Cameiro 80, Gameleira, CEP

30550, Belo Horizonte.

3. Food Research Institute, University of Wisconsin, 1925 Willow Drive, Madison, WI 53706, USA.
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outbreak in the United States of America. It pro-
duces enterotoxin A (SEA), the enterotoxin most
commonly involved in staphylococcal food poi-
soning (10).

Preparation of inoculum-Strain FRI-100 was
grown in brain heart infusion (BHI) broth at 37°C
for 24 hours. The culture was used to inoculate
slants of agar Ligniéres inoculated with the BHI
broth culture were incubated at 37°C for 24 hours.
One slant was used to inoculate two tryptic soy
agar slants which were incubated at 37°C for 24
hours. Buffered peptone water (7 ml for each
slant) was used to remove the cells from the slants.
One ml of the cells spspension was diluted with 9
ml of the buffercd peptone water and 1 ml was
used to inoculate each of two plate count agar
plates. Ten-fold dilutions from the first tube were
madc as necessary to record the ¢fu count.

Production of the white cheese-Each of 10 L
of pasteurized milk was contaminated with 10%
and 10* clu/ml of §. aureus strain FRI-100. The
milk was incubated at room temperature, 26° -
27°C. At time intervals of 0, 4, 7 and 10 hours for
the milk inoculated with 102 cfu/ml and 0, 2.5, 5,
and 7.5 hours for the milk inoculated with 10* ¢fu/
ml, 2.5 L of milk was taken for making the cheese
and a sample of milk was taken to be analyzed.
The milk was warmed to 35°C in a double boiler
followed by the addition of 0.8 ml of a 50% CaCl,
solution, 25 ml of a lactic ferment, 12.5 g NaCl,
and 110 mg of rennct powder. After 40-50 min-
utes of incubation at 35°C for coagulation, the co-
agulum was cut with stainless stcel knives. The
coagulum was allowed to stand for 5 minutes and
then was mixed for 20 minutes at the same tem-
perature. A sample of the coagulum was taken for
analysis. Alflter a second curd mixing for 5 minutes
at 40°C, the curd was placed into round hoops of

Rev. Microbiol., Sio Paulo, 25(1), 1994

500 g capacity for molding. After 20 minutes the
cheese was salted with 15 g of NaCl. The cheese
remained at room temperature 1 to 1.5 hours after
which the cheese was put in a sterilized flask and
put in the refrigerator at 6°C. A sample was taken
for analysis on the following day.

Determination of staphylococcal count.
Twenty-five grams of the cheese was suspended in
225 ml of buffered peptone water; 0.1 ml was
placed on the Baird-Parker agar plates. Additional
plates were prepared with 10-fold dilutions if nec-
essary (9). The plates were incubated for 48 hours
at 37°C.

Enterotoxin detection in the cheese: 50 g of
cheese was homogenized in a Waring blender with
1-1.5 ml of 0.02 M NaHPO, in saline, pH 74, per
gram of cheese(6). The homogenized cheese was
adjusted to pH 4.5 and centrifuged. The pH of the
supernatant fluid was readjusted to pH 7.4 and re-
centrifuged if any precipitate occurred. The extract
was tested for the presence of enterotoxin by use
of the ELISA ball kit obtained from Dr. Bomelli
AG, Stationstrasse 12, CH-3097 Libbefeld-Bern,
Switzerland (5). This method is sensitive to 0.5
ng/ml and is the most reliable of the sensitive
methods available for checking foods for entero-
toxin. Onc antibody-coated ball for enterotoxins
A-D plus two balls coated with normal rabbit sera
were placed in 20 ml of food extract and mildly
shaken overnight. Each ball was removed from the
extract and washed with the wash solution and
each placed in a color coded tube for treatment
with the conjugate. After 6 hours the conjugate
was removed and the balls washed with the wash
solution. One ml of the substrate was added and
the color allowed to develop for 60 minutes. If any
color developed, the extract was judged to contain
the enterotoxins for which a color developed.

TABLE 1 - Staphylococcal growth and production of enterotoxin in white cheese produced with pasteurized milk

inoculated with 102 cfu/ml.

Time of milk incubation (hours)?

0 4:00 7:00 10:00

Sample clu SEA cfu SEA clu SEA clu SEA
Milkb 102 - 9.7x10% - 1.0x10% - 9.3x10% -
Curd® 2.5x10% - 4.1x10t - 4.0x10° - 3.0x10° -
Cheesed  1.2x10° 3.8x10° - 3.1x10% - £ -

a - Time of incubation at 27°C after inoculation
b - Milk not analyzed for count after inoculation
¢ - Sample taken after first mixing of curd

d - Sample taken after cheese was stored overnight at 6°C

¢ - Count impaired by the presence of other organisms
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RESULTS

Staphylococcal counts- The staphylococcal
counts in the cheese are given in Table 1 and 2. In
all cases where enterotoxin was detectable the
count had rcached approximately 108 cfu/g.

Presence of enterotoxin-. In almost all in-
stances when the staphylococcal counts rcached
106, SEA was detectable in the cheese (Table 2).

Change in pH during cheese making- The
change in the pH during the cheese making is pre-
scnted in Table 3.
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all pasteurized milk is free of staphylococcal count
(7). The fact that SEA, produced by human strains,
is the enterotoxin responsible for most of the food
poisoning outbreaks indicates human contamina-
tion. In one outbreak, three individual cheeses pro-
duced on successive days were all contaminated
with staphylococci that produced SEA, and the
presence of SEA in the cheese indicated human con-
tamination during the production of the cheese (4).
If the contamination occurred immediately be-
fore the addition of the starter culture, it is unlike-
ly that sufficient growth could take place to pro-

TABLE 2 - Staphylococcal growth and production of enterotoxin in white cheese produced with pastcudzéd milk

inoculated with 107 cfu/ml.

Time of milk incubation (hours)®

] 2:30 5:00 7:30
Sample cfu SEA cfu SEA cfu SEA clu SEA
Milk 4.1x10* - 5.0x10° - 1.3x10° - 2.2x10% -
Curd® 8.1x10% - 3.3x10° - 7.8x10° + 1.3x107 +
Cheesc® 1.3x108 + 3.1x108 + 7.8x108 + 1.0x107 +

a - Time of incubation at 27°C after inoculation
b - Sample taken after first mixing of curd
¢ - Sample taken after cheese was stored overnight at 6° C

TABLE 3 - Change in pII during the making of white cheese,

Time of milk incubation (hours)?

Sample 0 4:00 7:00 10:00
Milk? - 6.5 6.3 5.7
Curd® 6.2 6.0 5.6 52

Cheoesc? 5.2 5.4 5.4 52

a - Time of incubation at 27°C after inoculation

b - Milk inoculated with 102 cfu/ml

¢ - Sample taken after first mixing of curd

d - Sample taken after cheese was stored overnight at 6° C

DISCUSSION

Two possibilitics exists for the presence of cn-
terotoxin in white cheese. One is that it is present in
the milk used to produce the white chicese. Staphy-
lococci was shown to be quite common in raw milk
uscd for cheese making in Minas Gerais (7), hence,
for enterotoxin to be present the staphylococci
would have to grow in the raw milk, This is unlikely
because unless the staphylococcal count is very
high, the staphylococci will not compete with the
other organisms present, The other alternative is
that the milk was pastcurized and recontaminated
before the cheese making, although apparently not
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duce enterotoxin belore growth was inhibited by
the starter culture. Growth would occur only if ihe
starter culture was not working properly, which
could be a contributing factor (8). The fact that the
pH is gradually lowered during the cheesc making
(Table 3) is inhibitory to staphylococcal growth.
The other possibility is that the milk was allowed
to stand at room temperature for several hours be-
force the cheese was produced. In this case, as was
demonstrated, sufficient growth occurred in the
milk that only small additional growth was neces-
sary during the carly stages of the cheese making
for cnterotoxin to be produced. This is the most
likely sequence of events leading to the production
of cntcrotoxin and food poisoning for thosc con-
suming the cheese.

There is always the possibility that milk from
a mastitic animal would contain sufficient staphy-
lococci to overcome the presence of other contam-
inating organisms o grow and produce enterotox-
in. In this casc even il the milk were pasteurized,
the enterotoxin is quite heat stable and survives
pasteurizing. However, in the case of contamina-
tion from the cow, the enterotoxin produced would
be either enterotoxins C or D, not A.

The milk used in the production of the white
cheese should be kept refrigerated at all times, if
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this is possible, except when the cheese is being
produced. Kceping the milk refrigerated prevents
the staphylococci from growing, hence, insuffi-
cient growth to produce enterotoxin would take
place after the beginning of the cheese production.
Essentially all staphylococcal food poisoning out-
breaks are a result of human contamination during
the preparation of the food. Many people arc colo-
nized with enterotoxigenic staphylococci and
many infections on the hands and arms are causcd
by staphylococci (2). It is quite difficult to prevent
the contamination of food with staphylococci. The
best control of this type of food poisoning is re-
frigeration as staphylococci do not grow well in
the cold 1. The major problem is that the average
food handler docs not realize that foods that can
suppott the growth of staphylococci should be re-
frigerated at all times except when being prepared
and scrved.
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RESUMO

Producio de enteroxina estafilocicicas em
queijo branco

Queijo Minas tem sido um alimento envolvi-
do em muitos surtos de toxinfcegfio alimentar cm
Minas Gerais. Foram conduzidos expcrimentos
para detcrminar em qual estdgio da fabricagio do
queijo Minas frescal a cnterotoxina que causc este
lipo de intoxicagfio € produzida.

Leite pastcurizado utilizado na fabricagiio do
queijo foi inoculado com 10% ¢ 10* UF.C/ml de
uma linhagem de Staphylococcus aureus produto-
ra de cnterotoxina A ¢ incubado a 26 - 27°C por
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variados periodos de tempo, antes do preparo dos
queijos. Amostras do leite do codgulo e do queijo
foram utilizadas para determinar a contagem de S.
aureus ¢ a presenca de enterotoxina A. A entero-
toxina nfo foi detectada no queijo preparado com
leite que tinha sido inoculado com 10* U.F.C./ml
apés ter sido mantido por 5 horas a 27°C ¢ estava
presente em todas amostras de queijo.

Palavras-chave: queijo, leite, estafilococos, ente-
rotoxina, toxinfecciio alimentar.,
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EVALUATION OF DIFFERENT MEAT PEPTONES AS CULTURE MEDIA FOR
BRUCELLA ABORTUS 19 VACCINE PRODUCTION

Fernando Padilla Poester
Ernani Tadeu Ramos
Maria Kristine Giannoulakis

SUMMARY

Four different commercial brands of peptones were used for the culture of Brucel-
la abortus Strain 19. A comparative trial with peptones of four different commercial
brands using fermentation procedures revealed that there was significant variation in

£ 41

the growth of Brucella abortus. Onc of th

bacterial growth,

¢ four brands tested gave rise to a enhanced

Key Words: Brucella abortus 19; vactine production; culture media

INTRODUCTION

Live vaccines incorporating Brucella abortus
Strain 19 are widely used throughout the world to
control clinical brucellosis in cattle. Because the
vaccine contains high numbers of organisms
WHO, 1970 (9), industrial vaccine production re-
quires the growth of large quantities of Brucella
abortus Strain 19,

Meat peptones (enzyme hydrolyzed proteins
of animal tissues) arc incorporated in most culture
media as the main source of protein nitrogen.

The use of dehydrated peptones has greatly fa-
cilitated the growth of Brucella sp Gerhardt,1958
(6). However, some authors found that some dehy-
drated peptones could be toxic to Brucella sp Schu-
hardt et al, 1949 (8). Others concluded that some
types of peptones may adversely affect the aggluti-
nation of the bacteria Carritre et al, 1951 (3).

Peptones are one of the major components
in the cost of production of B. abortus S19 vac-
cine. Most of the laboratorics producting this
vaccine in Brazil use imported dehydrated pep-
-tones which greatly increase the costs of produc-

tion. When Martinez et al (1983) (7) compared
media incorporating imported peptones with
those containing peptones produced locally for
the growth of Clostridium perfringens, they
found that the local products gave the best
yields.

In order to ascertain the most appropriate con-
ditions to grow B. abortus S19 [or vaccine produc-
tion, an evaluation of meat peptones of four differ-
ent sources, two imported and two locally
produced, was carrid out. This paper describes the
results of these trials.

MATERIAL AND METHODS

Culture medium - The medium was prepared
with the following formula: meat peptone (5.41g),
cascin peptone (16.25g), yeast extract (8.0g), bac-
to dextrose (24.0g), monosodium phosphate
(3.16g), disodium phosphate (1.006g), distilled wa-
ter (1 litre).

The original formulation used two peptones,
one obtained by enzymatic digestion of animal tis-

Instituto de Pesquisas Veterindrias - Desiderio Finamor, Caixa Postal 2076 - Porto Alegre, RS, 90001-970, Brasil.
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sue (meat peptone) and other from casein. For this
study only the former varied. Four industrially
produced peptones of animal origin were com-
pared. They were: Primatone (Sheffield, Norwich-
USA), Bacto Peptone (Difco, Detroit-USA), Pep-
tona de Carne (Biobrds, Montes Claros-Brazil)
and Peptona Bacteriol6gica (Geyer, Porto Alegre-
Brazil). For the purposc of this study the following
identification were used for each brand of pep-
tone: Sheffield = HS, Difco = US, Biobrds = MC,
and Geyer = PA.

Three different batches of each product were
tested with four repetitions and used in the produc-
tion of four lots of vaccine. Media containing one
of the peptones under test was prepared in suffi-
cient quantity for preparing the four lots of vac-
cine. Each week one lot of media was seeded with
B. abortus S19 and the cultures were evaluated as
described below. The following month the process
was repeated another randomly selected brand of
peptone. Altogether 48 lots of culture media were
prepared.

Yaccine production - The vaccines were pro-
duced in a New Brunswick Microferm fermentor
(New Brunswick, N.J. - USA), containing 11 litres
of media. The inoculum was prepared from am-
poules of frecze dricd B. abortus S19, kindly sup-
plicd by the Panamerican Zoonoses Centre
(PAHO - Argentinc).

Briefly, each week seven tubes of Tryptose
Agar (Difco, USA) were sceded with B. abortus
$19. After incubation, the cultures were suspended
in sterile saline to obtain the inoculum with which
the fermentor was sceded. Every suspension was
tested for purity and smoothness.

Fermentation procedures were those  de-
scribed by Carrillo and Arce (1973) (4) for the
production of Brucella melitensis Rev 1 vaccine,
except that an incubation period of 52 hours was
used.
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~ Samples were collected aseptically at
0,4,8,24,32,48 and 52 hours of culture and sub-
jected to the following tests: counts for number of
colony forming units per mililitre (nCFU), optical
density (OD), percentage of packed cell volume
(PCV), pH, bacterial dissociation and purity, ac-
cording to Alton et al 1988 (1).

The optical density was measured using a
Coleman Jr. spectrophotometer, model 6/20
(USA) at 550 nm. The samples were diluted in
10% fromaldehyde and the readings multiplied
by a factor dependent on the stage of incubation.
The total OD was then corrected using the dilut-
ing factor. Results were expressed on an absor-
bance scale.

Statistical analysis - Mean values for nCFU,
OD, PCV and pH were calculated for each stage
of incubation from the results of the twelve cul-
tures produced with each brand of peptone.

The significance of the differences of the
means for nCFU was tested by the method of New-
man-Keuls (Elliot, 1988) (5). Analysis of linear re-
gression bletween the nCFU and OD was carried
out according to Ayres & Ayres Jr. (1987) (2).

RESULTS AND DISCUSSION

Mcans for OD, PCV, nCFU for each brand of
peptone are shown in Table 1. Increasing the fer-
mentation period from 48 to 52 hours did not sig-
nificantly increase the number of cells obtained
and when peptones US and PA were used, there
was a decrease in the nCFU during this period.

There were not significant differences in the
nCFU in the first 24 hours of fermentation among
media prepared with different peptones. At28,32,48
and 52 hours there were significantly higher counts
inmediaprepared with peptone MC than in the other
three (Table 2). These gave similar resulis except at

TABLE 1 - Mean for optical density, packed cell volume and number of colony forming units at various intervals during culture of
Brucella abortus S19 in medium with peptones 11S, US, MC and PA.

Optical density Packed cell volume Colony forming units
Hours (absorbancc) (%) (x10%/m1)
Incubation HS? usb McCe PAd HS Us MC PA HS Us MC PA
24 1.4 1.6 1.6 1.5 0.6 0.7 0.8 0.7 14.9 193 . 204 16.8
28 2.3 2.5 2.7 24 1.1 1.2 14 1.1 31.3 356 . 424 323
32 3.2 34 3.6 33 1.7 2.1 2.1 1.7 48.7 50.9 61.8 52.0
48 6.2 57 6.6 5.7 32 32 4.3 2.9 84.3 79.8 1033 - 802
52 6.4 5.7 6.8 5.9 3.6 3.5 4.4 32 87.0 774 1066 79.7
a - Humko Shefficld ¢ - Biobrds
b - Difco d - Geyer
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TABLE 2 - Number of viable Brucella abortus S19 organisms at various incubation periods in culture media prepared with four dif-

ferent brands of peptone.

Number of colony forming units x10° # standard deviation

Hours of Peptoncs

incubation 118® Usb McC* PA¢
24 14.90£4.50 19.3846.03 20.4244.19 16.8245.48
28 31.34+7.55 35.60+11.1 42.3845.82(0 32.32:+7.09
32 48.67+11.2 50.86+14.9 61.788.371 51.98+8.37
48 84.2748.70 79.85+10.4 103.3+18.2( 80.258.80
52 86.98£8.15.... .. . 77.3848.05. 106.6+14.9 79.7546.71

(1) - Statistically different (P<0.01) at that incubation period.

a - Humko Shefficld ¢ - Biobris

b - Difco d - Geyer

32 hours when media prepared with HS showed sig-
nificantly lower nCFU than the other two.

Both OD and PCV showed strong corrclation
with nCFU (Table 1). In addition the results of OD
and nCFU followed the equation of lincar regres-
sion (y = -1.573+16.12 x) with a cocficicnt of de-
termination of 0.996 and a cocficient of corrcla-
tion of 0.998, from which it can be concluded that
OD may substitutc for the nCFU with a conli-
dence level of more than 99%. The method saves a
considerable tim¢ when compared to bacterial
counts, however, although the nCFU decreased us-
ing peptones US and PA between 48 and 52 hours,
this was not reflected in either the OD or PCV re-
sults and the latter actually increased, as would be
expected because these methods do not distinguish
between dead and live cells.

Very few (less than 1%) rough colonies were
detected by the dissociation tests and there was ap-
parent differences among the four media.

All media tended to become alkaline during
the 52 hours of incubation but this was less
marked with peptone MC. It is possible that the
increased alkalinity reflected the presence of cel-
lular breakdown products and was thercforc more
marked in thosc media where there were [ewer vi-
able bacteria.

The use of peptone MC will not only result in
higher yields but being locally produced will offer
cosl benefits to the laboratorics involved in B.
abortus S19 vaccine production in Brazil. Al-
though the other locally produced peptone (PA)
was less cffective than MC it gave similar results
when compared to the two imported products and
being cheaper, it offers an uscful altcrnative.

From the results of this stady it can be con-
cluded that different brands of mcat peptones can
give different yiclds of bacterial growth. Therefore
cach laboratory should test mcat peptones availa-
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ble on the market before starting B. abortus S19
vaccine production.

RESUMO

Avaliagiio de diferentes peptonas de carne -
como meio de cultura para a produciio de vaci-
nas com Brucella abortus amostra 19.

Quatro marcas comerciais de peptonas foram
usadas para o cultivo de Brucella abortus amostra
19. Um estudo comparativo entre as quatro dife-
rentes peptonas, usando-se procedimentos de fer-
menta¢io, revelou que houve uma significativa
variagfio no crescimento da Brucella abortus. Uma
das quatro marcas testadas apresentou resultado
superior as demais.

Palavras-chave: Brucella abortus, produgfo de
vacina, meios de cultura.
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