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TEACHING OF MEDICAL MICROBILOGY: COMMENTS ON BASIC VERSUS APPLIED
ASPECTES RELATED TO PROFESSION

Augusto Cezar Montelli*

SUMMARY

Comments about education and medicine teaching were made. The learning and the
curriculum in according with the priorities of the country's health had special emphasis.

Students and teachers of Botucatu considered that the improvement of the 2nd year
medical microbiological course was good with predominantly basic contents. The students
prefer a balanced content or predominantly applied to medicine.

Three phases of the teaching of microbiological contents are proposed:

1st - in the basic cycly (2nd year); 2nd - into the course of Clinical Laboratory (3rd or 4th
year); 3rd - into the clinical cycle, following a program of integration.

Key-words: Medical microbiology, teaching, objectives

May be it would not be so difficult to give an
opinion about this question if it would be based on
personal and/or institutional experience. Therefore,
to make a complete and a deep analysis of the matter
certainly will constitute a complex task and a huge
challenge if it would be considered the modern scien-
tific progress in microbiological and molecular bio-
logical areas and also the real needs of society.

Taking the characteristics of the readers of this
journal into account it is not necessary to cnumerate
or make comments on the latest aims that have been
reached in this scientific area. Thus, it must be
cmphasised that the origin of Education is strictly
linked with the History of Humanity. Simdes Barbosa
says that: "Education does not exist to prescrve values
and traditions but to renew them. It means that
Education is not only the citizen right or a consumer
goods to be used individually”. It transcends these
concepts when itis seen as "aninstrument of transfor-
mation that is capable to provoke social changes”.
Differently from the educational ideals, the school of
nowadays is very distant of being an institution where
the necessary social transformations should start. On

the contrary, its real function in society has been that
one which consists in reaching an education system
that could perpetuate certain ways of existing besides
being resistant to changes.

The scarce mobilization and participationof com-
munity in managing its own collective decisions make
possible that the orientation or passive receptive fen-
dency become predominant and be expressed in the
development of the conduct thatis also well marked by
an attitude of constant expectation in the other's
behavior as: giving an opinion, criticizing or even
managing their acts.

If this orientation should be taken into consider-
ation in Education area, we would face a kind of
student who would be incapable to take advantages of
the several options of learning that could be offered by
the school. The whole responsability for the educa-
tional results is practically in the hands of the teachers
and the qualities of the students although have been
despised, in this case, are frequently decisives to the
good process of teaching-learning,.

Just the opposite of this tendency, the participative
oricniation in teaching involves the capacity of devel-

*, Departamento de Clinica Médica - Disciplina de Laboratério Clinico - Faculdade de Medicina de Botucatu - UNESP
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opmentinstudents and also in the teachers generating
attitudes and antecipated actions which could change
reality.

The main objective in the studentis to expand the
capacity of/or to select, to apply and criticise informa-
tion; in teachers the development of promoting and
orientating the participation and criticism.

These concepts were approached by Viniega-
Velasquez who still adds: "The supperation of the
complex problems of a country in any field of activity,
has as its point of starting the large knowledge of
reality which constitutes an essential basis to begin the
strategies of an effective and viable solution. Thus, the
major role of superior Education does not consist in
answering the pressing demands of specific sectors of
society acting in an automatic, immediate and little
reflexive way. The irreplaceable role of the University
is to dopt community which is its support with profes-
sionals who are capable of promoting antecipated
actions before the several problems of the country.
These actions become viable when they are steeped in
knowledge of the outlined situation".

Considering that medical knowledge in general is
continously expanding in such a rhythm that unables
any teacherof keepingupdated have been endeavoured
all efforts in order to be adjusted to this reality which
hasbeenrapidly modified although it has already been
verified a progressive ampliation into the displace-
ment between what is known as new from what has
been taught. Maybe this situation is still persisting due
tothe insidious thought that the most important aspect
is to involve the multiple contents of knowledge in
learning than the manner that they are assimillated.

According to Viniega-Velasquez "to insist on the
purpose of incorporating the contents rapidly modi-
fied from knowledge as the center of learning it will
take us in a short period of time to a serious problem:
we shall be uncapable of facing the troubles that
society can generate",

During the "World Conference on Medical Edu-
cation" held in Edinburgh, Scotland, from August7to
12,1988, was divulged the "Declaration of Edinburgh"
which had provoked a significant impact on th Inter-
national Medical Education. Since then, several ap-
preciations and suggestions of actions into the medical
school itself have been made in order to arrive at a
desirable progress. Among them it can be mentioned:

"The target of Medical Education is to form
doctors who can be able to promote health for the
whole population in a sense that would not be only by
rending curative services to people who can bear the
costs or to those who can have an easy access to these
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services".

Despite the huge progress obtained by Biomedical
Sciencesinthis century, this aim has not been achieved
in several places yet. ,

Nevertheless, this problem can not be considered
as a new one even though the efforts that were previ-
ously made to establish a large socially conscience in
Academic Medical Schools have not got a remarkable
suicees.

These considerations show that this progress can
be aimed through the actions inside the Medical
School itself as follows:

* To organize the curriculum and also the evalu-
ation systems in such a way that the extent of profes-
sional capacity and social values and not only the act
of fixing and memorizing the information could be
realized

*To be assured that the curticulum contents will
reflect the priorities of national health and the avail-
ability of the resources as well.

Thus, it can be detected than cven in this such
relevant conference on International Medical Educa-
tion the final proposals pointed out to essential aspects
of learning and also to the curriculum.

Inrelation to this was emphasized the inclusion of
priorities respecting the country's health.

The relevance of social demands in our sphere
reflects in posgraduation policy itsclf. Recently this
preocupation was demonstrated by Eunice R. Durham
when she was director of CAPES ( Coordination for
the improvement of superior level personal) who also
referred to the present system of master and doctorate
as being both clearly turned to the constitution of an
academic competence which has been guided to form
teachers and researchers into a system that basically
supplies the university. She concluded saying that the
expansion and the valoration of the courses turned to
professional development and to the applicd research
are, nowadays, one of the most urgent needs of society
and also a priority respectinf posgraduation policy.

The experience of renewing medical teaching
held in the Faculty of Medicine at Universidade Fed-
eral de Minas Gerais, has as its main objective to offer
to the students not only a biological comprehension
but also the social aspects of the health-diseases
processes.

Salgado and Paula Castro who insiminated and
lived in this process made the following statement:
"The amateurish in Medical Education which did not
do much harm some years ago, is still so disastrous
when it faces the new social and technical realities,
that is imperious and undelayable to have correctly
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adjusted the curriculum of Medicine to the present and
mainly to the future growing needs of the Brazilian
population”.

Therefore, the option that seems to be of great
validity is resumed in the objective diagnostic of the
teaching conditions in Medical School and also in the
needs of society which involves it in such a manner
that the process of the curriculum development can be
started. In other words, "the implementation of the
curriculum must be constantly evaluated and progres-
sively improved".

Taking all these arguments into account and now
- the teaching of Microbiology into a medical context
- we would ask: how could be better defined its
objective? a basic formation or its application to
profession? In 1975, in "The variationon dissonance",
Prof. Suassuna had already written in the introuction
to his work "Teaching of Microbiology inthe Faculties
of Medicine" thatto get a definition of the specific aims
of the Discipline, the general targets of the school
should be watched closely. He had also putin evidence
that the fundamental difficulty lives in the conception
of what should be a "good doctor". After more than 16
years, surely this difficulty has become much larger
than before.

So, inorder to expand the arguments to be brought
into this discussion about the proposed theme, we
looked for the opinion of the students and teachers at
the University of Botucatu.

In the Faculty of Medicine of Botucatu the cur-

Rev. Microbiol., Sio Paulo, 24(2), 1993

riculum contents of Microbiology has two different
aspects:

1. Microbiology course. Itis given, offered during
the first semester of the second year medical by the
Discipline of Microbiology at the Institute of Bio-
sciences. | have been participating in this course for 28
years as a volunteer teacher. ,

2. Cycle of Clinical Microbiology of the Cinical
Laboratory Course at the Department of Medical
Clinic. It is given during the second semester of the
third year medical. This course has been under my
responsability for 17 years.

Thus, in 1991, at the end of each one of these
courses, we had anevaluation made by students through
a questionaire especially elaborated. Item as "The
content of Microbiology to be taught"was included.
Sixty three per cent of the students of the second year
and 79% of the third year had expressed their opinion
and after had been added up became an importamt
point of the group to be analysed.

In the same way was also collected the opinion of
the teachers of Microbiology Discipline who partici-
pated in the course of the second year, The results
allowed us to construct the graphics of the figures 1
and 2. After the answers had been analysed we man-
aged 1o reach the following results:

1. At first, the improvement that was obtained by
the students of the 2nd year, in a scale from good to
bad, was considered good by both students (66%) and
teachers (80%).

FIGURE1 -1n 1991, during the course of microbiology at the 2nd year medical you acquired knowledge

Students of the 2nd
year medical

Students of the
3rd Teachers

year medical

7

TN

BZA BB 7C

A- Predominantly basic
B- Predominantly applied to medicine
C- Basic and applied (in a balanced way)
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FIGURE 2 - In your opinion the course of microbiology at the 2nd year should have as its fundamental aim

Students of the 2nd Students of the
year medical 3ud
year medical

Teachers

WA BB #C

A- A formation predominantly basic to the discipline
B- A formation predominantly applied toMedicine
C- Both types of formation (in a balanced way)

2. Inrelation to knowledge that was offered by the
2nd yearmedical course the students of the second year
(50%), 3rd year (80%) and the teachers (60%) agreed,
almost in its majority, that they were predominantly
basic.

3. Respecting the fundamental objective that the
courses would have aimed the answer that mostly
appeared was "it should be offered to the stdents as a
basic and applied formation in a balanced way". The
results were obtained between the students of the 2nd
year (56%) and the 3rd year (65%).

4. Among the teachers the same question had
generated a homogeneous distribution of the three
alternatives of answering which were made: forma-
tion - predominantly basic (33%) or applied (33%).

5. Respecting the contribution to medical forma-
tionthat was offered by the course of Microbiology the
students of the 2nd year answered in ifs majority that
it was vast (36%) or medium (63%).

Evenwithout having a deep analysis of whatis the

meaning of basic or its application to the teaching of

Microbiology it can be detected by the available data
that the students and teachers who were consulted
considered that the 2nd year medical course has
demonstrated that its contents are predominantly ba-
sic. Onthe other hand, between the students of the 2nd
and 3rd years predominated the wish of having a
balanced content, or, predominantly applied to profes-
sion.

76

Regarding this aspect the teachers were
homogenuosly divided although it must be empha-
sized that their opinions were just related to the
curriculum of the 2nd year medical course.

For thatreason, we think that the contents consid-
ered basic in Microbiology must have their place
assured in the curriculum, mainly at the beginning of
the course (1stand 2nd years.) and also it must be kept
at a level more or less deep, depending on the human
resources in the area.

At the 3rd year medical course when the students
have started dominating the knowledge and the skill
in propedeutics programines of Microbiology it must
be as much as possible predominantly applied and
taught in an integrated manner (For example: at an
integrated course of Pathology and Clinic of the
organs and systems).

In this scasc, it can interact with disciplines as
Pathology, Pediatry, Infectious Diseases, Medical
Clinic and Preventive Medicine.

Thus, the teaching of Microbiological contents
can be projected to three different and progressive
phases: the first one into the basic cycle, the second
with the course of Clinical Laboratory or Clinical
Pathology (in the 3rd and or the 4th year medical
course) and the 3rd into the clinical cycle following a
reasonable program or integration which could be
introduced through the interdisciplinary seminars and
also by the discussions of clinical cases in hospitals,
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ambulatories or in Centers of Health.

Itis knownthatinourcountry the formation of the
general doctor or at least, of the clinical doctor has
been discussed for years, as the fundamental objective
of several schools. Itis also well known that almost the
totality of this aspect has been only a speech without
any evidence of reality. What really happens is that the
medical schools have been produced, in general, pro-
fessionals of unconcerned formation and sometimes
ananguished candidate to specialization. Therefore, it
must be left to the microbiologists of the Faculties of
Medicine the responsability of giving the best forma-
tion in this area of knowledge in order 1o be assured to
the future professional a large competence respecting
the approach of the infected patient and consequently
in the practice of the antibioticotherapy which can be
reasonably conducted

Accordingto the participative orientation in medi-
cal education, we will finish this explanation empha-
sizing that even though the microbiological contents
arc assured as it was previously proposed, the efficacy
of learning only will be granted when the priority
occurs into "The methods of knowledge".

It means that the emphasis must appear in the
territory of the methods of production, assimilation
and in the criticism of knowledge.

RESUMO

Ensino de Microbilogia Médica; Formacao
Basica ou Aplicada a Profissio

Sao feitas consideragdes sobre Educagio e Ensino
Médico, enfatizando-se aspectos de aprendizagem e
de curriculo adaptado as proridades de saiide do pais.

Estudantes e docentes de Botucatu consideraram
que o aproveitamento do curso de microbiologia do 2°
ano médico foi bom ¢ com conteido
predominantemente bésico. Houve preferéncia dos
estudantes por conteddo equilibrado ou
predominantemente aplicado a profissao.

Propomos ensino de microbiologia em 3 fases
distintas: a primeira, no ciclo basico (2%ano); a segunda,
junto ao curso de Laboratério Clinico (32 ou 4° ano) e
a terceira, dentro do ciclo clinico , obedecendo a
programa de integragdo com outras disciplinas.

Palavras-chave: Microbiologia médica, ensino,
objetivos
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ENTEROTOXIN PRODUCTION IN STRAINS OF CAMPYLOBACTER JEJUNI, ISOLATED
FROM SWINE DIARRHEA
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SUMMARY

One hundred and twenty-six strains of Campylobacter jejuni isolated from swine with
diarrhea were examined for the production of enteroxin, by culture filtrate inoculation into

ileal loops in several animal species.

Four (3,1%) of the strains tested produced fluid in ligated ileal loop of albino rabbit, 19
(15%)inratand 14(11,1%)inswine. By the testof intragastric inoculation in suckling mouse,
none of the strains revealed capacity to produce enterotoxin, although two strains were
considered suspicious. Twelve (54,5%) of the strains that induced ileal fluid in rat and swine
produced cytotoxiceffectin monkey kidney cells (Vero), affectingup to 60% of the monolayer.
However, no alteration was observed in hamster kidney cells(BHK).

Key word: Campylobacter jejuni, enterotoxin, swine diarrhea, pathogenicity.

INTRODUCTION

The thermotolerantspecies of the genus Campy-
lobacter (C. jejuni, C. coli) are microorganisms ha-
bitually present in intestinal flora of different species
of domestic and wild animals (19,32,35) and of man
(30). Theirpresence, however, is notalways accompa-
nied by obvious signs of disease and these bacteria
may act as pathogenic or commensal organisms.
These species can be isolated from the feces of both
apparently healthy animals (34) and of animals with
diarrhea (2,4,9,37).

The diarrhea caused by Campylobacter spmay
beofthe secretory type, suggesting the involvement of
an enterotoxin (27). However, the mechanisms of
virulence attributed to C. jejuni and to C. coli are still
amatter of debate, although invasiveness and entero-

toxin and cytotoxin production are believed to be the
three major potentially pathogenic properties of these
organisms (1,6,16)

The firstattempts to demonstrate the presence of
enterotoxin using classic methods such as intragastric
inoculationinto newborn mouse pups (15,20) and into
a ligated intestinal loop of the rabbit (36) were nega-
tive (8,10,13,20). However, BUTZLER & SKIRROW
(3) reported possible evidence that some of the strains
studied were enterotoxigenic. RUIZ-PALACIOS et al.
(27) later demonstrated the production of heat-labile
enterotoxin (LT) in strains isolated from diarrehic
feces using the technigue of inoculation into a ligated
intestinal loop of rats and in cell culture. New findings
were confirmed by other investigators using different
techniques (6,8,12,18,21,23).

The objective of the presentinvestigation was to

1- FCAVIJ-UNESP - Departamento de Medicina Veterinaria Preventiva

2-  ICB-USP- Departamento de Microbiologia
3-  FCAVI-UNESP - Departamento de Microbiologia
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study the ability of C. jejuni strains isolated from pigs
with diarrhea to produce enterotoxin using the tech-
nique of inoculation into a ligated intestinal foop of
rabbits, rats and swine, and of production of cytotoxic
effects in cultures of monkey kidney cells (Vero) and
of hamster kidney cells (BHK).

MATERIAL AND METHODS

The study was conducted on 126 C. jejuni
strains isolated from the diarrehic feces of swine with
ages varying between 10 to 60 days raised in different
municipalitics of the Ribeirdo Preto region, State of
Sao Paulo, from 1988 to 1990. Colonies similar to
those described by SMIBERT (33) were considered as
beingof the genera Campylobacter and the identifica-
tion of the species was done following the method of
SKIRROW & BENJAMIN (31). For short-time cul-
tures, the strains were kept in thioglycolate broth
containing 0.16% agar and 2.0 ml liquid vaseline at
37°C, whereas for long-term storage the strains were
kept inbrucella broth containing 15% neutral glycerol
at-70°C.

Only Campylobacter jejuni samples were stud-
ied and not C. coli in virtue of the number of isolates
of these second bacteria which number was not repre-
sentative when compared with the first specie.

Forenterotoxin preparation, the C. jejunistrains
were cultured in brucella broth, pH 6.7, in glass bottles
with screw caps. The material was incubated on a
waterbathwithshaking (150 rpm) (28), at42°Cfor72
h in jars with a reduced oxygen atmosphere. After
incubation, the culture was centrifugated at 20.000
rpmfor 10 minutes at4°C (18) and the supernatant was
filtered through a Millipore filter, divided into small
volumes for immediate use or stored at 4°C for later
testing within a maximum of two days.

The culture filtrates were tested on a ligated
intestinal loop of adult albino Norfolk 2000 rabbits
weighing 1500-2000 g by the method of SAHA et al.
(28) that consists in the inoculation of 1.0 ml of
supernatant of the culture in the ileal loops of S cm,
being8to 10loops by animal. The positive control was
a known enterotoxinogenic Escherichia coli (K99
STa*, gently given by F.Avila) strain cultured on a
brainand heart infusion (BHI) broth, and the negative
control was sterile brucella broth. The animals were
sacrificed 18 hours later and the loops examined to
determine the presence of dilatation and of fiuid
accumulation, and the fluid volume/loop length ratio
was calculated.

Rev. Microbiol., Sao Paulo, 24(2), 1993

Asimilar technique was used to inoculate adult
male Wistar rats weighing 150-200 g and aged 7to 8
months, except that the number of loops used was 6 to
8 and the volume of culture filtrate inoculated was 0.5
ml (28). The positive and the negative controls used
were the same as mentioned above.

Lancrace pigs aged 6 to 8 weeks were used for
intestinalloop inoculation by the technique of GYLES
(11), that consist in inoculating 15 to 20 ileal loops by
animal, of 10 cm each, with 10 ml of the supernatant
of the culture. The animals were sacrificed 18 hours
after injection, the loops were examined and the fluid
volume/loop length ratio was calculated. Positive and
negative controls were also used.

The test of intragastric inoculation of suckling
2-3 day old albino mice was also performed. The
animals were separated from their dams and divided
at random into groups of 4 animals according to the
technique of DEAN et al. (5). The pups were main-
tained at 28°C for 4 hours and sacrificed with ether,
their abdomen was opened, and the intestine was
removed from the carcass and weighed. An intestinal
weigh/carcass weight ratio (IW/CW) of 0.07 to 0.09
was considered to indicate suspected enterotoxin pro-
duction.

Baby Hamster kidney (BHK) and monkey kid-
ney (Vero) cell were cultured inmilk bottles according
to the technique described by RIZZO et al. (26) in this
method the milk bottles with a completely monocelular
layer are left without the maintenance medium and
then 1 mlofthe fivid inducing cultures filtrates diluted
1/2 and 1/5 was added and left in contact for 40
minutes at 37°C, after this period the excess was
removed and serum-free maintenance medium was
added and incubated at 37°C for 24-48 hours. Read-
ings were taken at 6 hourintervals and morphological
cell changes described by JOHNSON & LIOR (12) as
rounded cells and total or partial destruction of the
layer were recorded. A cell culture inoculated with
sterile brucella broth was used as control.

Data were analyzed statistically by the Tukey
testat the 5% level of probability according to NETER
& WABBERMAN (24) and the efficiency of the
techniques used was determined by the McNemar test
29).

RESULTS
Of the 126 C. jejuni strains studied in the

different animal species by inoculation of the culture
filtrate into a ligated intestinal loop, 4 (3.1%) pro-
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duced fluid in adult albino rabbits at volumes ranging
from 1.6t0 3.0 ml/cmintestine, 19 (15%) in aduitrats,
and 14 (11.1%) in swine. The variation in the fluid
accumulated inthe species are presented in TABLE 1.
The Tukey test showed that the difference among the
volumes obtained for each animal species was non
significant. The McNemar test revealed that the sen-
sitivity of the test was identical when rats and pigs
were used.

Intragastric inoculation
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detection of enterotoxin revealed 2 suspected strains
(1.5%).

Cytotoxicetfectson Vero cells were observedin
12(36.3%) intestinal fluid-inducing strains (rat-pig),
with 10 to 60% of destruction of the cell monolayer at
dilutions of 1/2 and 1/5. No change was observed in
BHK cell cultures.

TABLE 2 shows the effects of C. jejuni cultuy
filtrates according to the different methods used.

TABLE 1 - Mean amounts of accumulated intestinal fluid (ml/cm/intestine) induced by 126 cultures* of C. jejuni in the ligated intestinal

loop of aduit rabbits, rats and swine

Strain N Rabbits** Rats** Swine**
10 - 0.23+0.0508 -
12 2.51+0.0230 0.2020.0063 -
14 2.73+x0.0134 0.20x£0.0015 -
16 3.00+0.0417 - -
33 2.00£0.0842 0.22+0.0144 -
114 - - 2.46+0.0329
115 - 0.35£0.0288 -
127 - 0.35+£0.0230 1.02+0.0098
131 - 0.25x0.0242 3.51+0.0490
140 - 0.22+0.0230 3.35+0.0866
141 - 0.22£0.0259 -
142 - 0.34+0.0305 2.01+0.098
145 - 0.31+0.0202 3.35£0.0866
146 - 0.23x0.0150 1.67£0.0392
149 - 0.24+0.0305 4.03x0.0173
150 - 0.21£0.0063 2.87x0.0721
157 - 0.26+0.0098 2.6x0.0415
161 - 0.22£0.0144 1.8+0.0173
164 - 0.25+0.0098 2.77+0.0144
171 - 0.20+0.0063 -
172 - 0.19£0.0132 -
174 - - 2.62x0.0577
178 - - 2.3220.0196

*122, 107 and 112 cultures did mot induce intestinal fluid production in rabbits, rats and swine, respectively.

** Mean * S. E. M. of 3 determinations per strain.
- Strains that not produced fluid.
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TABLE 2 - Effects of C. jejuni culture filtrates in the experiments carried out by the different methods used.

Ligated intestinal loop of Cytotoxic effect on
Strain N Newborn mice
rabbits rats pigs BHK cells Vero cells
10 - + - B - -
12 + + - - - -
14 + + - - - -
16 + - - - - -
33 + + - - - -
114 ; . + ; ; -
115 - + - - - +
127 - + + - - -
131 - + + - - +
140 - + + - - +
141 - + - - - -
142 - + + + - +
145 - + + - - +
146 - + + - - +
149 - + + - - +
150 - + + - - +
157 - +. + - - -
161 - + + - - +
164 - + + - - -
171 . ‘ + ; - . +
172 - + - - - -
174 - - + - - +
178 - - + - - +

( +) positive
(- ) negative
(+/-)suspect
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DISCUSSION

The frequency of fluid-inducing strains (3.1%)
identified in the ligated intestinal loop of the rabbit,
although low, agreed with that obscrved by
McCARDELL etal.(23)inastudy of C. jejuni strains
of humanorigin. There is agreement that the use of the
technique of culture filtrate inoculation into the ligated
intestinal foop of the rabbit for the determination of
fluid production induced by Campylobacter should be

bhetter studied. since it is possible that the rabbit is not

uuuuuuuuu ed, since itis possible t :bbitis not
the most indicated animal for this type of test.

The variationin fluid productionobserved inthe
rat for the 19 (15.0%) strains was within the mean
values detected by RUIZ-PALACIOS et al. (27) an
similar to those obtained by FERNANDEZ et al. (6)
and SAHA et al. (28), butlower than those reported by
KLYPSTEIN & ENGERT (15). The results observed
by most investigators and in the present study using
the same conditions demonstrate that different C.
Jjejuni strains may or may not produce fluid accumu-
lation in the ligated intestinal loop of the rat, and when
they do, the volumes are variable.

The obvious alterations in the 14 (11.1%) inocu-
lations into the intestinal loops of swine ranged from
an increase in fluid content up to congestion and
hemorrhage in the intestinal wall, with the presence of
hemorrhagic and viscous fluid being observed insome
cases. These alterations have also been reported by
JOHNSON & LIOR (12), KLIPSTEIN & ENGERT
(15), McCARDELL et al. (22), and PINOCHET et al.
(25) as the result of the action of the enterotoxin
presentin strains inducing fluid production. The fluid
volumes observed ranged from 1.02 to 4.03 ml/cm
intestine and could not be compared with those re-
ported by MANNINEM et al. (20) and PINOCHET et
al. (25) since these investigators did not measure them
in their studies. Despite the promising results ob-
tained, we belicve that this technique needs improve-
ment for the study of Campylobacter in terms of
inoculumdose, ideal period of observation after inocu-
lation and reliability of the method.

When comparing fluid-producing strainsin the
ligated intestinal loops of rats and swine, not all strains
thatwere positive forrats were found to be also positive
for swine and vice-versa, demonstrating that entero-
toxin is not always detectable and that detection may
depend on the technique employed, on factors related
to the animal itself and on the susceptibility to, or
quantity of toxin produced. Statistical analysis showed
that the difference in the volumes obtained for each
species was not significant at the level of 5% with the

32
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Tukey test. The non parametric analysis test of
McNEMAR (29), to check the sensitivity of the tests
showed that it was identical when rats or pigs were
used.

When the production of enterotoxin was studied
bythetestof DEAN etal. (5), (intragastric inoculation
into newborn mice), the majority of the strains tested
was unable to produce sufficient amounts of entero-
toxinto be considered positive, although 2 strains were
considered to be suspected, because the ratio weight of
intestine/weight of carcass was very close to reach the
limit to be considered as positive. Negative results
have also been obtained by JOHNSON & LIOR (13),
MANNINEM et al. (20) and RUIZ-PALACIOS et al.
(27). However, the fact that satisfactory results were
not obtained by this technique does not invalidate the
use of the method, since the ability to produce entero-
toxin may be plasmid related or may be due to the
partial loss of toxic activity in stored culture filtrates.
An additional possibility is that the technique is not
sensitive enough to reveal small amounts of these
substances, although it has been reported to be the
safest method for the detection of Sta enterotoxininE.
coli strains. (7).

Although the results obtained from cytotoxicity
in BHK cell cultures were negative, the possibility that
thistype of cell will be used should notbe ruled out. For
Verocells, the fluid-producing strains had a cytotoxic
effect on as much as 60% of the cell carpet according
to the dilution used, in agreement with the results
obtained by most of the investigators who work with
this cell type.

RESUMO

Produciodeenterotoxina por Campylobacter
Jejuni isolada de suinos com diarréia.

Cento e vinte e seis amostras de Campylobacter
Jejuni isoladas de suinos com diarréia foram
examinadas para producio de enterotoxina, através da
inoculagio do filtrado de cultura, em alga ileal de
vérias espécies de animais.

Quatro(3.1%) das amostras testadas produziram
fluidos intestinais emalgas ligadas de coelhos albinos,
19 (15%) em ratos albinos ¢ 14 (11,1%) em suinos.
Peloteste a inoculagdo intra-géstricaem camundongos
rescém-nascidos nenhuma das amostras revelou
capacidade de produgio datoxinaembora duas tenham
sido consideradas suspeitas. Doze ( 54,5%) das
amostras indutoras da producio de fluido intestinal
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em ratos adultos e em suinos produziram efeito
citotdxico emcélulas renais de macaco (Vero) afetando
mais de 60% do total das células . No cntanlo, nao
foramobservadas emcélulas renais de hamsters (BHK).

Palavras-chave: Campylobacter jejuni, enterotoxina,
diarréia suina, patogenicidade.
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ISOLATION OF CAMPYLOBACTER JEJUNI FROM DOGS WITH DIARRHEA
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SUMMARY

Thermophilic Campylobacter jejuni has been considered as a possible etiologic agent
of diarrhea in dogs, but data presented in most reports are conflicting. To assess the role of
C. jejuni as an enteropathogen, fecal samples from healthy and from diarrheic dogs were
analysed and attempts to isolate the microorganism were made. Seventeenstrains of C. jejuni
biotype 1 were isolated from 100 fecal samples; eleven outof fifty-nine diartheic feces and six
outof forty-one non-diarrheic feces were positive for that microorganisms. The isolation rate
was higherindogs up to six months of age. There was no difference between the isolation rate
from diarrheic and non-diarrheic dogs. It has not been possible to imput Campylobacter as
the main pathogen in dogs with diarrhea, since 70% of positive cultures for this bacterium
showed another enteropathogenic agent concomitantly. Independently of being or not the
etiological agent of diarrheal disease in dogs, we must emphasize the role of this animal as

a possible source of infection to human beings.

Key words: Campylobacter sp; thermophilic Campylobater ; dogs; diarrhea.

INTRODUCTION

Besides other microorganisms such as Salmo-
nella sp; Vibriosp and enteropathogenic E. coli, the
worldwide distributed thermophilic species of Campy-
lobacter (C. jejuni/ C. coliyare recognized nowadays
as causes of diarrhea in human and domestic animals
(3, 5, 6, 11, 13). Human infections occur by the
ingestion of contaminated water or food such as fresh
milk, pork or avian meat and also, by direct contact
with birds, swine, dogs and cats (2, 8). Like humans,
domestic pets are susceptible to C. jejuni and C. coli
infections that lead to either assymptomatic carriage
or acute gastroenteritis. Although those microorgan-

ismns had been considered as causes of diarrhea in dogs
(9), the available data are conflicting and do not allow
a definite conclusion about their pathogenicity. Ac-
cording to Hosie et al. (10) and Bruce et al. (3), the
prevalence of Campylobacter infections is almost the
same in healthy and sick dogs. Some evidences sug-
gest that Campylobacter might be an opportunistic
pathogen (11, 12, 15, 17), found in association with
other known infectious agent such as parvovirus,
coronavirus, paramyxovirus, entheropathogenicbac-
teria like Salmonella sp or intestinal parasites.

The aim of this study is to evaluate the preva-
lence of C. jejuni and C. coli in owned healthy dogs
and dogs with enteritis in order to assess their role as

1 Department of Clinical and Toxocological Analysis. Faculty of Pharmaceutical Sciences, University of Sao Paulo, SP, Brasil.

2 Faculty of Veterinary Medicine and Zootechny - Botucatu
3 Faculty of Veterinary Medicine, University of Sao Paulo
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a pathogen.

MATERIAL AND METHODS

Fecal specimens were obtained from dogs from
1 month to 3 years age with or without diarrhea
exanmuined at the Veterinary Teaching Hospital, Faculty
of Veterinary Medicine and Zootechny at the University
of Sdo Paulo. Fresh samples were introduced into Cary
& Blair medium, in a proportion of three parts of
mediumtoonepartof feces, and sentto the Laboratory
of Clinical Microbiology from the Department of
Clinical and Toxicological Analysis, Facully of
Pharmaceutical Sciences, University of Sdo Paulo and
processed within twelve hours.

Fifty nine samples were obtained fromdogswith
diarrhea and forty one from healthy dogs.

The isolation of C. jejuni/coli was performed
made according to the methodology described else-
where (14). Briefly, stool specimens were inoculated
into a selective plate medium (blood agar base plus
vancomycin, polymyxin B, trimethoprin, cefalotin
and amphotericin B, enriched with hemine, sodium
pyruvate, sodiummetabissulfite and ferrous sulphate).
Plates were incubated at 42°C for 48 hours ina candle
jar (microacrophilic atmosphere) and examined at 24
and 48 hours. Grey, small mucoid non hemolytic flat
colonies were Gram stained. If the Gram stained
smears showed vibrio forms, further 1solation and
biochemical tests were carried out. Organisms were
considered C. jejuni/coli when they were oxidase and
catalase positive, grew at 37%and 42°Chutnot at 25°C,
and were susceptible to nalidixic acid (13). For the
differentiation of species and biotypes, sodium hipurate
hydrolysis and capacity of producing H.S in Kligers
medium (16) were used. Pathogenic enterobacteria
were searched for using the methodology described by
Ewing (4). The test of two proportions was used for
statistical analysis, according to Goldstein (7) with
alfa = 0, 05.

RESULTS

Eleven samples belonging to the group of dogs
with diarrhea (18, 6%) and six samples coming from
nondiarrheicdogs (14, 6%) were positive for C. jejuni
biotype 1 as identified by biochemical profile and
susceptibility to nalidixic acid (table 1). There was no
statistical difference between the prevalence of infec-
tion in both groups. As observed in table 2, the
frequencyof C. jejuniwas higher among dogs up to six
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monthsofage inbothgroups studied (28,6%and 27,7%, in
diarrheic and nondiarrheicdogs, respectively). Among
diarrheic dogs (table 3) other causes of diarrhea were
found in association to Campylobacter: Ancylostoma
caninum and parvovirus infection in three samples
each one, paramyxovirus (distemper virus) (one
sample) and Coccidia (one sample). In the remaining
three cases no other causes of diarrhea could be
identified. No enteropathogenic bacteria were isolated
from diarrheic or healthy dogs.

TABLIE 1 - Isolation of Campylobacter jejuni from feces of dogs
with diarrhea and healthy dogs. Sio Paulo, 1992.

L. N® (%) of dogs
Campylobacter jejuni

Isolation
healthy diarrheic
Positive 06 (14,6) 11 (18,6)
Negative 35 (85,4) 48 (81,4)
Total 41 (100) 59 (100)

TABLE 2 - Isolation of Campylobacter jejuni from healthy dogs
and dogs with diarrhea, according to age. Sdo Paulo, 1992.

N° (%) OF DOGS

(n;/:;(:tlis) DIARRHEIC NON-DIARRHEIC
Positive Total Positive Total
0-6 10 (28,6) 35 05 (27,7) 18
>6 01 (4,2) 24 01 (4,3) 23
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TABLE 3 - Concurrent infection found in diarrheic dogs bearing
Campylobacter jejuni. Sao Paulo, 1992.

Dog n® Age Pathogen

1 3m parvovirus

2 2m parvovirus

3 3m Isospora sp
4 3m Paramyxovirus
5 3m None

6 4m Ancylostoma sp
7 2m None

8 1m Ancylostoma sp
9 im Ancylostoma sp
10 3m Parvovirus
11 3y None

m= months, y = years

DISCUSSION

As mentioned by other authors (1,3, 11)only C.
Jejuni biotype 1 was isolated from feces of dogs, but
the magnitude of isolation was lower than compared
to thosereported by Bruceetal. (3) and Jaramillo (11).
This difference could be explained by the fact that
almostall dogs studied were owned individually, thus
having less opportunity to acquire the infection by
means of direct contact. C. jejuni was not considered
aprimary causc of diarrheaindogs, since the isolation
rate was almost the same in both, healthy and sickdog
groups. Moreover, about 70% of the diarrheic dogs
from which C. jejuni was isolated had presented
concurrent viral or parasitic infections.

The role of Campylobacier as a pailiogenic
microorganism may be emphasized indogn®3 (Table
3). The dog had presented a recurrent colitis lasting
three weeks. Besides oocysts of Coccidia (Isospora
sp), a simultaneous infection by C. jejuni was evi-
denced. Aftersevendays of treatment with eritromycin
the dog was recovered and new attempt to isolate the
microorganism was unsuccessful although oocysts of
Isospora sp were still present in the sample.

Another aspect that needs to be pointed out is
concerned to the role of companion animals asasource
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of infectiontotheirowners. Keeping this possibility in
mind, C.jejunishouid be included for the differential
diagnosis in cases of acute or chronic diarrheain dogs
and an appropriate therapy should be indicated when
isolation attempts are successful.

RESUMO

Isolamento de Campylobacter de fezes de caes
com diarréia.

Embora as espécies termofilicas de Campy-
lobacter (C. jejuni/C.coli) possam ser consideradas
como possiveis agentes etiologicos de diarréia em
cies, osdadosexistentes na literatura sao conflitantes.
Assim, objetivou-se, neste trabalho, verificaro papel
desempenhado poresse agente como causade diarréia
em caes, pesquisando-o no material fecal de animal
normais e de cies com diarréia. Das 100 amostras
analisadas, foram isoladas 17 cepas de C. jejuni
biotipo 1, na propor¢ao de 18,6% (11/59) de isolamento
no grupo com diarréia e 14, 6% (6/41) no grupo de
animais normais, tendo sido osanimaisda faixaetéaria
de 0 a 6 meses 0s mais frequentemente acometidos.
Nio foi possivel caracterizar-se C. jejunicomo patégeno
primario entre os cdes, uma vez que em cerca de 70%
dos casos positivos no grupo de animais diarréicos essa
bactéria foi encontrada concomitantemente comoutro
agente enteropatog€nico. Porém, independentemente
da sua condiciio de agente ctiolégico de diarréias em
cics, deve-se enfatizar o papel desses animais como
possivel fonte de infecgdo humana.

Palavras-chave: Campylobacter sp, Campylobacter
termofilico, caes, diarréia.
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SUMMARY

Atotal of 250 Proteus mirabilis strains (200 isolated from urine, 31 from cerebrospinal
fluid and 19 from blood) were examined for production of bacteriocine spontancously and
induced by mitomycin C. The proticine types were determined by Senior's typing scheme. By
using the two methods of proticine detection, 90.40% of the strains examined were identified
as producers and typing was done on 83.63% of these strains. Types 1,2 and 3 were the most
frequent among the 10 types described in the scheme followed. Two additional types
(designated 14 and 15) were identified among the strains studied. The bacteriocine typing
using mitomycin C induction should be used in epidemiological studies of nosocomial
infections caused by P.mirabilis as well as other species of this genus.

Keywords: Proteus mirabilis, bacteriocine, proticine typing

INTRODUCTION

Bacteria of the genus Proteus have been associ-
ated with cases of urinary tract infections, septicemia,
meningitis and ostcomyelitis in children as well as in
adults (4, 5, 21). These infections still represent
serious risks to hospitalized patients because of the
natural and easily acquired resistance of Proteus spp
to antimicrobial agents (19) . P. mirabilis has been the
most frequently associated species, mainly forurinary
tract infections (10,12,18).

Infeciions by Profeus spp may have an exog-
enous or endogenous origin and the characterization

*Secgiio de Bacteriologia - Instituto Adolfo Lutz - Av. Dr. Amaldo,
351 - 9% andar - Sdo Paulo - CEP 01246.902
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of strains through specific markers is essential for the
study of nosocomial infections. Among several re-
ported methods concerning strains differentiation,
bacteriocine typing is one of the simplest available.

Thefirst proticine typing scheme was developed
by Cradock-Watson (6) in 1965 and consisted in
determining the sensitivity patterns of 18 indicator
strains for spontaneously produced proticines from
Proteus . By this scheme, 139 (60.70%) out of 229 P.
mirabilis and 1 outof 10 P. vulgarisstrains were found
to produce bacteriocines which were classified in 26
distinct types.

In 1975, Al-Jumaili (2) established a proticine
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typing system based on the sensitivity of P. mirabilis
and P. vulgaris strains to 12 proticine preparations
which consisted in supernatants from cultures ex-
posed to mitomycin C. None of the 1805 strains
examined by this system was found to be untypable and
48 different sensitivity patterns were found.

In the following year, Senior (17) developed a
combined typing system based on proticine produc-
tion and sensitivity using, respectively, 14 indicator
strains and 14 proticine-producing strains that were
selected among Cradock-Watson's indicator strains
and 250 strains examined against the former ones. A
totalof 90 distincttypes were identified by this scheme.

The purpose of this study was to type Proteus
mirabilis strains isolated from urine, blood and cere-
brospinal fluid cultures, using the spontaneous
proticine-producing method and proticine production
after mitomycin C induction.

MATERIALS AND METHODS

Media - All from Difco, dissolved in distilled
water, adjusted to pH 7.4 and sterilized by autoclaving:

1) Conservation medium - 10g/] peptone, 5g/l
NaCl, 4g/l meat extract, 12 g/} agar;

2) Tryptone water - 10g/1 tryptone, 5 g/l NaCl;

3) Proteose - peptone n®3 (PP3) - 20g/1 PP3, 5¢/
I NaCl

4) Nutrient broth - 5g/I peptone, 1g/l meat
extract, 2g/l yeast extract, 5g/l NaClL.

5) McConkey agar - 50 g/l of the powder were
rehydrated. This medium was used throughout these
experiments as it prevented spreading and was found
to be suitable for bacteriocine production (06,19).

Bacterial strains - A total of 250 strains of
Proteus mirabilis were studied: 200 isolated from
urine during the period of 1985-1987, 19isolated from
blood (1973-1987) and 31 isolated from cerebrospinal
fluid (1973-1987) in the Bacteriology section of the
Instituto Adolfo Lutz , Sdo Paulo, Brazil. The pre-
sumptive identification of the strains weredoneinIAL
medium (15) and the final biochemical identification
was performed by the methods described by Edwards
and Ewing (7) and the Bergey's Manual of Systematic
Bacteriology(13).

The standard setof 24 proticine-indicator strains
isolated by Cradock-Watson (6) were received from
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the Central Public Health Laboratory, Colindale, Lon-
don.

All bacterial strains were stored on Conserva-
tion medium, atroom temperature. Theirreactivation
was done on Nutrient broth (18 h, 37°C) and then, just
one well isolated colony of each strain was picked-up
from McConkey agar and used in all tests.

-~ - Spontaneous proticine production-To verify
the spontaneous production of proticine (6,17), one
colony from a young culture on MacConkey agar of
each strain was inoculated in 1% Tryptone water and
incubated at 37°C for 18 hours. After this incubation
period, each strain was streaked across the surface of
McConkey agarin glass Petri dishes and incubated at
37°C for 18 hours. The growth (central streak) was
removed and the plates were sterilized by chloroform
vapor (drenched in filter paper and put inside Petri
dish lid) for 10 minutes, which was climinated by
keeping the plates open for 30 minutes in the incuba-
tor. Cultures (3h at 37°C) of 24 indicator strains in 1%
Tryptone-water were streaked across these plates ( 8
strains by plate) at right angles to the lines of first
streak and incubated at 37°C for 18-24 hours.

Induced proticine production - Allnon-spon-
taneous proticine-producer strains were treated with
mitomycin C (Sigma) by Al-Jumaili's method (2).
These strains were cultured in 1 ml of PP3 for 18h at
25°C. After addition of 9 mi of PP3 and an incubation
period of 1 h at 25°C with shaking, mitomycin C was
added in the final concentration of 1 pug/ml and the
cultures were further incubated for 18-24 hours in the
same conditions. The cultures were then centrifuged at
3000 rpm for 20 minutes and the supernatants were
sterilized by chloroform in a 1% final concentration
for 5 minutes, centrifuged again and kept at 4°C.

To verify the proticine presence after mitomycin
Cinduction, the 24 indicator strains were cultured in
1% Tryptone-water for 2 h at 37°C and flooded over
the surface of MacConkey agarplate. Afterincubation
at37°C for 30 minutes, 15ufof each supernatantwere
droped on the agar surface (18 supernatants/plate),
dried at room {emperature and incubated for 18h at
37°C.

Some supernatants produced zone of lysis re-
sembling the ones caused by phage action, i.e., plaque
formationinside orat the edge of the zone. To confirm
the phage action on these supernatants a methodology
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described by Vieu (20) was applied with some modi-
fication as follows: the material from the zone of lysis
was inoculated in Nutrient Broth and incubated at
37°C under shaking till the broth became cloudless.
After centrifugation, the supernatants were treated
with toluene, submitted to 10-fold serial dilution and
streaked on McConkey agar plate which had been
flooded with a culture of the respective indicator
strain. The bacteriophage presence was confirmed by
plaques of lysis along the streaks.

Classification of strains by proticinogenic
types - To classify in proticinogenic types, the inhibi-
tion spectrum of the strains under test for the indicator
strains were compared with Cradock-Watson schemce
adapted by Senior (17) as described on table 01,

RESULTS

A totalof 137 (54.80%) strains included in this
-study produced proticine spontancously (Table 2).
Among the remaining 113 strains , 89 (78.76%) were
identified as proticine produccrs after mitomycin  C
induction (Table 3) . The supernatants that demon-
strated phage action were not scored for proticine
production. With the two methods. a total of 226
strains (90.40%) were identified as proticinogenic.

Rev. Microbiol., Sao Paulo, 24(2), 1993

Among the 226 proticinogenic strains, 189
(83.63%) were classified in distinct types. Of 125
strains distributed among 08 of the 10 proticine types
described by Senior (17), 64 strains had distinct
proticine patterns (designated here as 14 and 15) and
37 did not fit in any distinct pattern.

TABLE 2 - Frequency of spontaneous proticine production
according to the source of P. mirabilis strains.

Number of strains with

proticine production

Source of Number of

strains strains

Negative Positive
Urine 200 90 (45.00%) 110 (55.00%)
CSF* 31 15 (48.39%) 16 (51.61%)
Blood 19 8 (42.10%) 11 (57.89%)
Total 250 113 (45.20%) 137 (54.80%)

* Cerebrospinal fluid

TABLE 3 - Frequency of induced proticine production according to the source of P. mirabilis strains.

Proticine types

number of strains isolated from:

number of strains
(Cradock-Wat Watson) ©

Urine

CSF* Blood

i 60 (31.74%) 55 (35.71%) 3 (14.29%) 2 (14.28%)

2 17 (8.99%) 14 (9.10%) 2 (9.53%) 1 (7.14%)

3 25 (13.22%) 16 (10.39%) 5 (23.80%) 4 (28.58%)

4 14 (7.41%) 12 (7.80%) 2 (9.53%) -

) - - - -

6 3 (1.59%) 2(1.30%) I (4.76%) -

7 1(0.53%) 1 (0.65%) - -

8 - - - -

9 1(0.53%) - 1 (7.14%)

10 C4(2.12%) 42.59%) ; .
14 50 (26.46%) 40 (25.97%) 5 (23.80%) 5 @35.72%)
15 14 (7.41%) 10 (6.49%) 3 (14.29%) 1 (7.14%)
None 37 (16.37%) 29 (15.84%) 5 (19.23%) 3 (17.64%)

* Cerebrospinal fluid
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TABLE 4 - Number and frequency of the proticine types
according to the source of P. mirabilis strains

Proticine
types number number of strains isolated from:
(Cradock-  of strains
Watson) Urine CSF* Blood
" 60 55 3 2
(31.74%) (35.71%) (14.29%) (14.28%)
2 17 14 2 1
(8.99%) (9.10%) (9.53%) (7.14%)
3 25 16 5 4
(13.22%) (10.39%) (23.80%) (28.58%)
4 14 12 2
(7.41%)  (7.80%)  (9.53%) i
5 - - . -
6 3 2 1 i
(1.59%) (1.30%) (4.76%)
4 1 1
(0.53%)  (0.65%) ) )
8 - . . .
9 1 ) ) 1
(0.53%) (7.14%)
10 4 4 . .
(2.12%) (2.59%)
. 50 40 S ]
(26.46%) (25.97%) (23.80%) (35.72%)
155 14 10 3 1
(7.41%) 6.49%) (14.29%) (7.14%)
None 37 29 5 3
(16.37%) (15.84%) (19.23%) (17.64%)

* - Cerebrospinal fluid
** - New proticine types

Asshown inTable4, the most frequent proticine
type among urine culture isolates was the type 1
(35.71%) followed by type 3 (10.39%). The type 3
(23.80%) and type 1(14.29%) were the most common
among the cerebrospinal fluid isolates. Among the
blood culture isolates the type 3 (28.58%) and 1
(14.28%) were the most common.

Among 39 spontaneous-proticine-producer
strains with "atypical"sensitivity patterns accordingto
Senior's scheme, 34 (87.17%) were classified after
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mitomycin C induction.

DISCUSSION

Although nosocomial infections due to bacteria
of the genus Proteus represent an important therapeu-
tic problem due to the facility that these microorgan-
isms acquire multiple resistance to antimicrobial
agents, little attention has been done to the epidemio-
logical study of these infections (1). The identification
of the source and dissemination ways of these infec-
tions have great impact on the control measures that
can be applied in a hospital environment (4,5).

Different typing methods have been used in the
differentiation of P. mirabilis strains (2,3,6,9, 11, 14,
16). However, some of them, such as biotyping (8,16)
and phage typing (8) have beenless used because their
limited epidemiologic value, low specificity or small
number of types determined. Bacteriocine typing has
also been lessused due to the low percentage of strains
that produce proticine spontaneously.

In the present study, the use of the spontaneous
and the mitomycin Cinduction methods allowed the
detection of proticine production in 90.40% of the
strains examined. The fact that this percentage is
much higher than the one obtained with only the
spontancous method (54.80%) and that the induction
method allowed typing of more strains indicates that
mitomycin Cinductionseems to be a necessary stepon
the bacteriocine typing process for P. mirabillis.

Although the use of mitomycin C for the detec-
tionofproticine has been questioned because possible
bacteriophage induction (17), it was possible to differ-
entiate the proticine action from the phage one.

Among the 10 proticine types described by
Senior (17), 8 were detected in the present study. Two
different types were identified amongthe strains stud-
ied and they were designated types 14 and 15 (Table
1), because Senior had already mentioned the exist-
ence of 3 additional types in his scheme. However, he
did not describe the pattern given by these types.

The proticine types 1, 2 and 3 scem to be more
frequently associaied wiih urinary infeciions as weil as
to septicemia and meningitis in ourenvironment. The
proticine type 14 also seems to be frequently associated
to strains isolated from these infections.

P. mirabilis producers of proticine type 3 are,
according to Senior (18), the most frequently type
associated to severe and persistent infections of upper
urinary tract. However, strains belonging to proticine
type 1 (35.71%) were the most frequent among the
isolates from urine examined in this study. Proticine
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type 3 was the second most frequent among these
isolates. It is possible that this difference is due to the
fact that almost all strains were isolated from patients
nothospitalized. On the otherhand, the proticine type
3 was the most frequent among strains isolated from
blood (22.73%) and cerebrospinal fluid (30.77%).

The bacteriocine typingsystemdescribed here is
relatively simple and should be used in studies of
nosocomial infections by P. mirabilis, as well as for
other species of the genus Proteus.

RESUMO
Proticinotipagem de cepasde Proteus mirabilis

Umtotal de 250 cepas de Proteus mirabilis (200
isoladas deurina,31deliquido cefalorraquidiano e 19
de sangue) foram examinadas para producio de
bacteriocina, espontaneamente ou induzida por
mitomicina C. Os proticinotipos foram determinados
pelo esquema de Senior. Com a utilizagio conjunta
dos 2 métodos de detecgio de proticinas, 90,40% das
cepasexaminadas foramidentificadas como produtoras
¢83,63% destas foramtipaveis. Ostipos 1,2 ¢ 3 foram
os mais frequentes entre os 10descritos no esquema de
Senior. Dois tipos adicionais (designados 14 e 15)
foram identificados entre as cepas estudadas. A
bacteriocinotipagem pela produgio espontinea e
indugdo com mitomicina C poderd ser usada em
estudos epidemiolégicos de infecgdes nosocomiais
causadas por P. mirabilis, assim como por outras
espécies do género.

Palavras-chave: Proteus mirabilis, bacteriocina,
proticinotipagem.
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CAPSULAR TYPES AND TOXIN PRODUCTION BY STRAINS OF PASTEURELILA MULTOCIDA
ISOLATED FROM PIGS IN SOUTHERN BRAZIL

José R. F. Brito!
Itamar A. Piffer
Ingon Wentz

Maria A. V. P. Brito

SUMMARY

A total of 116 Pasteurella multocida isolates from 24 pig herds in Southern Brazil were
classified according to their capsular type. All the isolates were tested for toxin production by
using the guinea pig skin test and the Vero cell cytotoxic assay. Most isolates (101) were
recovered from piglets with atrophic rhinitis. Of these, 31 belonged to capsular type A, 67
belonged to capsular type D and the remaining three isolates were not classified into the A,
B, D or E P. multocida capsular types. Thirteen isolates of which nine were type A, two were
type D and two were non-tipable, were recovered from pneumonic lungs of weaned piglets.
Two other non-typable isolates were recovered from the subcutaneous tissue of a septicaemic
piglet and from the jointof an arthritic pig. Forty-three (62.3%) of the 69 type D and two (5%)
of the 40 type A P. multocida isolates were found to be toxigenic by the guinea pig skin test.
None of the non-typable isolates were toxigenic. Except for the two type A toxigenic isolates
there was an agreement between the guinea pig skin test and the Vero cell assay.

Key words: Pasteurella multocida, toxin production, capsular types, respiratory infection,

swine.

INTRODUCTION

The family Pasteurellaceae forms a heteroge-
neous group of bacteria adapted to parasitic life in
different hosts. Pasteurella multocida is one of the
best known members of this family. Swine throughout
the world are affected by pasteurellosis (4) and toxin-
producing strains of P. multocida have been incrimi-
nated as having a central role inthe aetiology of severe
atrophic rhinitis (6, 13 ) . Pasteurella organisms from
pigs with atrophic rhinitis are usually of capsular type
D whereas those recovered from pneumonic lungs are

1.  CNPSA/EMBRAPA, Caixa Postal 21, 89700-000 Concérdia, SC.

usually of type A (10). Differentiation of toxigenic
from non-toxigenic isolates of P. multocida is essen-
tial for control, diagnosis and epidemiological studies
of atrophic rhinitis (7, 12).

Swine atrophic rhinitis has been recognized in
Southern Brazil for more than a decade (1, 9). This
reportdescribes the identification of the capsular types
and the detection of toxin production by a number of
P. multocida strains, which have been isolated inour
laboratory since 1982, mainly from respiratory tract
infections of weaned piglets.

Corresponding author; Present address: CNPGL/EMBRAPA, Rodovia MG 133, Km 42; 36155-000 Coronel Pacheco, MG
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MATERIALS AND METHODS

Pasteurella multocida strains. A total of 116
field isolates were examined. They were obtained from
nasal swabs (77 isolates), tonsils (24 isolates), lungs
(13 isolates) and other tissues (2 isolates) of pigs from
24 herds in Southern Brazil.

All isolates were recovered initially on sheep
blood agar and were identified as P. multocida by the
following criteria established by Carter (2): Gram
negative cocobacilli, non haemolytic, hydrogen sul-
fide production in TSI agar, non-motile, indole pro-
duction, presence of cytochrome oxidase, no growth
on MacConkey agar, nitrate reduction, glucose fer-
mentation, non fermentation of lactose and variable
reactions from sucrose and mannitol. All cultures
were stored indefibrinated blood at -70°Cuntilneeded
).

Identificationof capsulartype. The strains were
classified accordingto Carter (2) into capsulartypes A
or D by performing the staphylococcal hyaluronidase
test and the acriflavine test with all the isolates. Those
which were hyaluronidase positive and acriflavine
negative were identified as type A. Type D isolates
were hyaluronidase negative and acriflavine positive.
Isolates which were neither type A nor D by the above
tests were identified by the indirecthaemagglutination
test (IHA) by using specific antisera (2). Anti-pas-
teurella capsularsera A, B and Ewere givenby Dr. L.
Renault (Laboratoire Vétérinaire, Societé Sanders,
Paris, France); anti-pasteurella capsular serum D was
prepared by us according to Carter (2). All antisera
were prepared in rabbits. Reference strains (A, B, D
and E types) were used as control in the tests. Types B
and E P. multocida were provided by Dr. G.R. Carter
(Virginia Tech, Blacksburg, Virginia, USA). Types A
and D strains belonged to our culture collection.

Preparation of crude toxin. P. multocida isolates
stored at -70°C were recovered on sheep blood agar.
Fourindividual colonies were passaged into fresh 3 ml
- brain heart infusion broth (BHI, Difco) and incubated
at 37°C for 48 hours. The cultures were centifuged at
1,500 g for 10 minutes, the supernatants were steril-
ized by filtration (0.22 pm Millipore membranes) and
subsequently tested in the cell culture assay and the
guinea pig skin test.

Cell culture. Vero cell monolayers were grown
in 96-well tissue culture plates with flat bottoms, using
a mixture of equal parts of Ham F10 and 199 media
(Flow Laboratories) containing 10% foetal calf serum,
20 IU penicillin, 20 pg streptomycin and 20ug
amphotericin B per ml. The plate wells were seeded
with 0.2 ml cell suspension/well, containing 2x10°

Rev. Microbiol., Sio Paulo, 24(2), 1993

cells. Confluent monolayers were obtained in24 hours,
at 37°C, in a humidified atmosphere of 5% CO2.

Assay for P. multocida toxin. This assay was
performed according to Pennings & Storm (8). Shortly,
the cell culture medium in the plates was replaced by
the same medium without serum immediately before
the assay. Serial fourfold dilutions of each sample
were made separatly in the same cell culture medium,
starting from 1:10 up to 1:10240. The medium was
gently aspirated from the wells and 0.2 ml of each
dilution was added. The cell cultures were further
incubated for five days. Cell morphology was observed
daily with an inverted microscope under 10x10 mag-
nification. A known toxin-producing strainand a non-
toxigenicstrainof P. multocida wereincluded ineach
plate as positive and negative controls respectively.
Wells with non-inoculated bacterial culture superna-
tant were used for cell growth evaluation. All tests
were run in duplicates.

Guinea pig skin test. This test was performed
according to de Jong et al. (6). Briefly, adult guinea
pigs weighing about 500 g were inoculated intrader-
mally on the back with 0.2 ml of the P. multocida
culture supernatants referred above. Each guinea pig
was injected with four preparations and observed for
five days. Controls were the same as those used in the
Vero cell assays.

RESULTS
Table 1 shows the distribution of the capsular
types of P. multocida according to the site of isolation
in the piglets studied.

TABLE 1 - Capsular types of P. multocida isolated from piglets in
Southern Brazil (1982-1991).

N® of Strains with capsular types

Site of Isolation

A D Not Defined
Nasal cavity 21 54 2
Tonsil 10 13 1
Lung 9 2 2
Other tissues 0 0 2
Total ) 40 69 7
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The majority of the 116 P. multocida isolates
were recovered {rom piglets with atrophic rhinitis,
being 77 from nasal secretions and 24 from tonsils.
Thirteen isolates were recovered {rom pneumonic
tissues of weaned piglets. One isolate was recovered
from subcutaneous tissue of a septicaemic piglet and
anotherone fromthe jointofan arthritic piglet, Sixty-
nine (59.5%) isolates were classified as capsular type
D, mostof whichwere recovered fromthe nasal cavity
(54 isolates; 78.3%) and from the tonsils (13 isolates;
18.8%). Only two isolates of capsular type D were
isolated from the lungs. Capsulartype A P.multocida
were recovered from the nasal cavity (21 isolates),
fungs (9 isolates) and tonsilar tissue (1 isolate).

The association between capsular type and the
production of P. multocida toxinis shownon Table 2.
Most of the toxin producing isolaies were recovered
either from the nasal secretions or the tonsils . Of the
69 type D P. multocida, 43 were toxin-producing
strains as detected by the gninea pig skin test and the
Vero cell assay. The two type D isolates recovered
fromthe lungs were toxigenic. The remaining 26 type
D strains were negative in both assays. Most type A
strains (38/40) were non-toxigenic. One type A strain
was positive only in the guinea pig skin test and the
remaining strain was positive only in the Vero cell
assay. All non typable isolates were found to be non-
toxigenic.

DISCUSSION

The results in this study confirm the role of type

D P. multocida in respiratory discases, more cspe-
cially the importance of these organisms in atmphu
3 ed h\/ the h!(rh ny

asdemon

]assmul as toxigenic lypc D. ‘Snm}dr findings have
been reported clsewhere (3, 6, 11). Our results differ

TABILE 2 - Association between P. multocida toxin and capsular types.
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from those of Kobisch et al. (7) who found a higher
proportion of toxin-producing strains in the capsular
type A. We have found a correlation between results
from the guinea pig skin test and the Vero cell assay
for toxin production with the 69 isolates classified as
type D. These results agree with those of Pennings &
Storm (8) and Rutier & Luther (12) but not with those
of Kobisch et al. (7) who found the cell assay less
sensitive than the guinea pig skin test or ELISA. The
two type D P. multocida recovered from lung tissues
in this study were also toxigenic, as reported by Rutter
et al, (14).

Our resulis also agree with other reports in
which it has been shown that most lung isolates of P.
multocida are of type A (7, 10). Ounly one of the type
A P. multocida recovered from the lung was found to
be toxigenic, buf only in the guinea pig skin test,
whereas another type A isolate, from the tonsilar
tissue, was found to be toxigenic, only inthe Vero cell
assay. These may suggest some heterogeneity of the P.
muliocida toxin as previously described for other
bacterial toxins (15). It may also suggest additional
heterogeneity withinthe P. muliocida species as indi-
caled by Harel et al. (5).

The findings thatbothtype A and DP. multocida
arc present in piglets with respiratory disease and that
the majority of type D isolates arc foxigenic gives
evidence that considerable effort has yetto be made to
control respiratory diseases, more specifically atro-
phic rhinitis. Attention should also be paid for the
complete diagnosis which means including toxigenic
characterizationand capsulartypingofisolated strains,
as opposed {o routine diagnosis carried out in most
laboratories in Brazil, which arc based only on bio-
chemical identification of the isolates. The Vero cell
assayissuited forthe detectionof toxigenic . multocida

Agreement between

Positive results in Negative resulis in

Capsular type Number of isolates lests Guinea pig Vero cell both tests
b 69 69 43 43 26
A 40 38 1 1 38
Not defined 7 7 0 0 7
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because itis relatively inexpensive, allows the testing
of large number os samples and avoids the use of
animals.
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RESUMO

Grupos capsulares e producio de toxina de
Pasteurella multocida isoladas de porcos no sul do
Brasil

Um total de 116 amostras de P. multocida
isoladas de 24 rebanhos suinos do Sul do Brasil foram
classificadas por seu grupo capsular e testadas quanto
a produgio de toxinas utilizando-se os tesies de
dermonccrose em cobaias ¢ o ensaio citoiéxico em
células Vero. A maioria das amostras (101) foram
isoladas de leitGes com rinite atréfica. Destas, 31
foram classificadas como tipo capsular A, 67 como
tipo capsular D ¢ trés ndo foram tipadas como A, B, D
ou Ede P. multocida. Treze amostras, sendo nove do
tipo A, duas do tipo D ¢ duas ndo tipdveis, foram
isoladas de pulmdes pneumdnicos de leitdes
desmamados. Duas outras amostras nao tipiveis fo-
ram isoladas do tecido subcutineo de um animal
septicémico e da articula¢do de um leitdo com artrite.
Quarenta ¢ trés das 69 amostras de P. muliocida do
tipo D e duas dentre as 40 amostras do tipo A eram
toxigénicas. Houve concordincia entre os testes de
toxicidade em cobaias e em células Vero, cxceto para
as duas amostras toxigénicas do tipo A. Nenhuma das
amostras nao tipdveis era toxigénica.

Palavras chave: Pasteurella multocida, toxina
dermonecrotica, tipos capsulares, trato respiratdrio,
suinos.
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VACCINATION AGAINST AVIAN COLIBACILLOSIS. PROTECTION AGAINST HOMOLO-
GOUS AND HETEROLOGOUS ESCHERICHIA COLI SEROGROUPS

Clarice Rachman Ajzental!
Edir Nepomuceno da Silva®
Raphael Lucio Andreatti Filho®

e SUMMARY

Groups of one day old chicks were subcutaneosly vaccinated with 0.2 cc per chick of oil
based bacterins prepared with Escherichia coli belonging to each one of the following six
serogroups: 02:K88:F41, 021:K99:H52:F41, 078:K88:F41, 088:K88:F41, 0119:K88:F41
and 0119:K-~F-. The chicks were challenged at twenty eight days of age by air sac inoculation
with cultures from each E. coli serogroup. The survival chicks were killed seven days post
_ challenge, necropsied and the severity of air sac lesions scored from zero to four. Serum

Lo samples collected from Trial I survival chicks and control birds were tested by a rapid

B seroagglutination test using E. coli antigens derived from homologous and heterologous

serogroups to the vaccination. The groups challenged with the homologous serogroup to the

o o vaccination showed protection, measured by mortality index, ranging from 37,5% to 100%.

oo The best protection (100%) using homologous vaccine was obtained with the 0119:K88

oo infected chicks while vaccination with02: K88 was the least effective (37,5%). All the control,

not vaccinated chicks, died after challenge. The groups challenged with a heterologous

serogroup used in the vaccination showed protection ranging fromzero to 100%. One hundred

per cent of cross protection was seen in the groups vaccinated with 021:K99 and challenged

with 088:K88, vaccinated with 078:K88 and challenged with 021:K99. The vaccination with

the serogroup 021:K99 gave the best average of cross protection (42,1%) and the vaccination

e with 088:K88 the worst (26,7%) . None cross protection was seen in the groups vaccinated

’ with 02:K88 and challenged with 021:K99 and 078:K88; vaccinated with 021:K99 and

challenged with 02:K88; vaccinated with 088:K88 and challenged withh 02:K88 and

0119:K88; vaccinated with 0119:F-and challenged with 078:K88 and 0119:K88. There were

correlation of protection with score of air sac lesions and seroagglutination tests with E. coli

antigens. The results showed that there are antigens responsible for crossprotectionamong E.
coli serogroups.

Key words: Escherichia coli, chickens, vaccine, vaccination, avian collibacilosis.

INTRODUCTION nal microbiota of mammals and birds. In chickens,
‘ this bacteria has been associated with several extra
Escherichia coli is part of the intesti-  intestinal infections, and the infections of the respira-

1 Bolsista IC FAPESP - Proc. 87/3171-4. FMVZ/USP.

2 Departamento de Tecnologia de Alimentos - Faculdade de Engenharia de Alimentos - UNICAMP - Caixa Postal 6121 - 13081
Campinas, SP.

3 Departamento de Clinica Veterendria - Faculdade de Medicina Veterinaria e Zootecnia - UNESP - Caixa Postal 502 - 18610 Botucatu,
SP.
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tory tract are of the most economic importance, caus-
ing mortality and carcass condemnations during pro-
cessing (3,15).

The clinical picture is manifested by air saculitis,
pericarditis, perihepatitis and peritonitis, being E. coli
the main causative agent, either per se or associated
with other microorganisms, particularly respiratory
viruses (1, 3, 7, 15). Actually, the minimization of the
colibacillosis problems on poultry farms is the adop-
tion of better management practices and medication.
The vaccination, if suitable, can be an additional help
on the control of avian colibacillosis.

E. coli01, 02 and 078 are the main serogroups
isolated from disease conditions in chickens and tur-
keys (6,7).

Chickens vaccinated with E. coli baclerin
showed protection after being challenged with ho-
mologous strains but not with heterologous ones (2).
This canbe adifficully {o the vaccination practice, due
to the great number of different serogroups causing
infection in chickens. E. coli strains belonging to
different serogroups carry comumon protective anti-
gens, like the adesins responsible for calves and piglets
diarrhea. There is some indication of the presence of
antigens on the outer membrane of different E. coli
serotypes pathogenic for chickens, capable of giving
cross protection to challenge withdifferent serogroups

.

Our purpose was to verify if the inactivated oil
based bacterins, prepared with different E. coli
serogroups, pathogenic for chickens, could give any
cross protection to the experimental challenge with
the heterologous strains.

MATERIALS AND METHODS

E. coli strains, vaccine and antigen prepara-
tions. Six E. coli serogroups were used: 02:K88,
021:K99:H52,078:K88,088:K88,0119:K88,all with
pili type I, F41, and the unpiliated serogroup 0119:K-
. All of them are pathogenic for day-old chicks, and
were isolated from air sac of broilers showing air
saccullitis (19). They were serogrouped in the Es-
cherichia coli Reference center, Pennsylvania State
University, USA.

All strains were cultured in CFA agar contained
Roux bottles for both, the antigen production used in
the agglutination tests and for oil based bacterin
preparation as previously recommended (20).

The number of colony formingunits (CFU) of E.
coli was determined by plating 0.1 m] of cultures and
decimaldilutions using phosphate buffer saline (PBS)
pH 7,2 on McConkey agar.

Rev. Microbiol., Sao Paulo, 24(2), 1993

Chickens, vaccination and challenge. Dayold
males Hissex Brown, {ree from Mycoplasma
gallisepticum were used. They were wing banded and
kept in heated wire cage receiving commercial feed
and water ad libitum.

Groups of day old chicks were subcutaneously
vaccinated in the neck with0.2 ccper chick of oil based
bacterin prepared with E. coli belonged to each one of
the serogroups. Chicks were challenged at 28 days by
thoracic air sac inoculation with 0.5 cc of brain heart
infusion (BHI) cultures incubated at 37°C for 8 hours
from each . coli serogroup.

The survival chicks were killed seven days post
challenge, necropsied and the severity of air sac
lesions scored from zero to four as following: zero,
meant no macroscopic lesions on the air sac; 1,
indicated mild air sac opacity; 2, denote an extensive
opacity of the inoculated air sac, but, yet, with some
areas without lesions; 3, showed an intense opacity
with exsudate in the inoculated air sac extending to
part of the abdominal air sacs; and 4, intense opacity
with bilateral exsudate in the abdominal and thoraxic
air sacs on dead birds.

Serum samples collected from Trial I survival
chicks and control birds were tested by rapid
seroaglutination test with E. coli antigens prepared
with homologous and heterologous serogroups to the
vaccination. The control group was not challenged in
this Trial.

Experimental Trials

Trial 1. Seven groups with 10 chicks each were
used. Six were vaccinated with bacterin prepared with
E. coli belonging to cach one of the serogroups and,
one group was the control not vaccinated. The chal-
lenge, using homologous strains to the vaccination,
was done with 107 CFU of all E. coli serogroups, but
serogroup 078 was with 108 CFU. _

Trial IT Six groups with 30 chicks each were
vaccinated with bacterin prepared with E. colibelong-
ing to each one of the serogroups. After vaccination,
cach groupwasdivided insix subgroups for challenge.
It was done using heterologous strains to the vaccina-
tion. Control not vaccinated subgroups were used. The
challenge was done with 10" CFU of all E. coli
serogroups, but serogroup 02 and 021 were with 10
CFU. '

RESULTS AND DISCUSSION
Table 1 shows survivalindex of groups of chicks

challenged withhomologous and heterologous E. coli
strains. The vaccinated groups challenged with ho-
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mologous strainstothe vaccination showed protection
ranging from 37,5% to 100%. The best protection
(100%) using homologous vaccine was obtained with
the 0119:K88 infected chicks while vaccination with
02:K88was the less effective (37,5%). All the control,
notvaccinated chicks, died after challenge. The groups
challenged with a heterologous serogroup used in the
vaccination showed protection ranging from zero to
100%. The groups vaccinated with 021:K99 and
challenged with 088:K88, vaccinated with 078:K&8
and challenged with 021:K99, gave the highest cross
protection with 100%. Vaccination with serogroup
021:K99 gave the best cross protection (42,1%) :while
withthe 02:K 88, the worst average. (20,8%) No cross
protection was seen in the groups vaccinated with
02:K88 and challenged 021:K99 and 078:K88; vacci-
nated with 088:K88 and challenged with 02:K88 and
0119:K88; vaccinated with 0119:F- and challenged
with 078:K88 and 0119:K88. These results can be
affected, in part, by the variability in virulence of the
E. colistrains (19), once a very virulent one can break
the cross protection and not be detected by this meth-
odology and by the small numbers of chicks in the
experimental groups. Published results showed a high
correlation of homologous protectionin chickens vac-
cinated and challenged with strains from serogroups
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02 and 078, but, low protection when the chickens
were vaccinated with serogroups 01 and challenged
with heterologous strains from the serogroups 02 and
078 (7, 8, 16).

The results on Table 2 show the average rates of
macroscopic lesions in the air sacs of vaccinated
chicks and challenged with homologous and heterolo-
gous E. coli serogroups.. These results also confirmed
the highest protection gotten by challenge with ho-
mologous serogroups and the presence of cross protec-
tion factors among homologous and heterologous E.
coli serogroups. This methodology has been previ-
ously used by other authors and theirresults agree with
ours (7,8,11,12,14,17,18).

The surviving groups of chicks challenged with
homologous strains to the vaccine had the lowest
average rates of macroscopic air sac score lesions. It
ranged from 0.7 to 2.5 for the serogroups 0119:K88
and 02:K88, respectively. All the control, not vacci-
nated chicks, dead after challenge, had the highest
score lesion(4.0).

The cross-protection measured by air sac score
lesions was low. The best results of cross protection
wereseenin021:K99 and 078: K88 vaccinated groups
challenged with 088:K88 strain with score index of
2.5 for both. In some groups it was not possible to

TABLE 1 - Survival birds among groups of chickens vaccinated and challenged with homologous and heterologous Escherichia coli

SErogroups.

Challenge Serogroups

Vaccine Sero

% of Cross

groups : Protection
02:K88 021:K99 078:K88 088:K88 0119:K88 0119:F-

02:K88 3/8: 0/s 0/s 3/ 15 1/4 20,8%
021:K99 0/4 s 14 o 204 13 42,1%
078:K88 15 373 48 uh 15 1/4 38,1%
088:K58 073 s m | s 213 26,7%
0119:K8 8 1/5 2/4 s ' 2/5 10/10 25 333%
0119:F" 204 45 0/4- B VR 8/10 - 333%
Control o5 0/ o5 05 0/ 0/

1. Number of survival birds / total challenged.
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TABLE 2 - Score of air sac lesions from chickens vaccinates and challenged with homologous and heterologous Escherichia coli serogroups.

Vaccine Sero

Challenge Serogroups

groups
02:K88 021:K99 078:K88 088:K88 0119:K88 0119:F-

02:K88 2/5 4.0 4.0 33 3.8 3.8
021:K99 4.0 1.1 4.0 2.5 31 3.5
078:K88 3.8 3.2 1.6 2.5 3.5 34
088:K88 4.0 32 3.4 1.5 4.0 3.1

0119:K8 8 3.9 3.9 4.0 2.6 0.7 4.0
0119:F" 3.9 2.7 4.0 3.4 4.0 1.1
Control 4.0 4.0 4.0 4.0 4.0 4.0

1. Mean of air sac lesions score from zero to four.

determine cross protection scoring air sac lesions
because all chicks died after challenge or there was
only one survival chick. We adopted score 4.0 fordead
chick for the purpose of these trials as it has been used
by other authors.

The rapid seroaglutination test (SAT) results,
from serum samples collected from Trial I survival
chicks, using E. coli antigens prepared with homolo-
gous and heterologous serogroups, are shownin Table
3. Two serum samples were missed. The homologous
antigens gave 100% positive strong reactions on SAT
for all vaccinated groups. The heterologous antigens
gave variable results with weak reactions: group vac-
cinated with 021:K99 gave 57.1% (4/7) positive reac-
tion on SAT using antigen prepared with 083:K88;
chicks vaccinated with 021:K99 were 42.9% (3/7)
positive to the antigen 02:K88 and, the vaccinated
group with 0119:F were 37,5% (3/8) positive at SAT
with antigen 078:K88. The lowest level of positive
reactions on SAT was found among the groups vacci-
nated with021:K99 and tested with antigens 078:K 88
(2/7) and 0119:K88 (1/7), vaccinated withO88:K88
and tested with antigen 0119:F-(2/7), vaccinated with
0119:K88 and tested with antigens 078:K88 and
0119:F- (1/10 for each one), vaccinated with 0119:F

and tested with antigens 021:K99, 078:K88 and
0119:K88. No other combination showed
seroconversion. The SAT once more, confirmed the
results of higher protection afforded by vaccination
and challenge with homologous serogroup and, they
also revealed, the presence of antigenic cross relation
amongdifferent E. coliserogroups. However, the used
methodology with a not purified agglutination anti-
gen, does not elucidate what antigens and antibodies
are envolved, and new serological tests should be used
in attempt to identify those ones. Similar results
showing higher antibody response to homologous
antigen has been reported before (17). It has been
demonstrated that the antibodies produced by E. coli
vaccination have protector effect to the birds and their
offspring during the first days of life (12,17).

Vaccines prepared with piliated (K88) and
unpiliated strains (F") belonging to serogroup 0119 F
were used to demonstrate the participation of somatic
and pili antigens on immunity determination. The
results of mortality and air sac lesions after challenge
(Tables 1 and 2) showed that the somatic and K88
antigens were not fundamental in the immunity deter-
mination. Although, anextensive work hasbeen done
showing thatthe piliis a pathogenicity factorin E. coli
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TABLE 3 - Seroagglutination test from chicken sera using Escherichia coli antigens derived from homologous and heterologous serogroups

to the vaccination.

Serogroups of antigens used in the test

Vaccine Sero

groups
02:K88 021:K99 078:K88 088:K88 0119:K88 0119:F-
02:K88 2/2! 02 0/2 0/2 072 02
021:K99 377 777 2/7 4/7 1/7 0/7
078:K88 0/4 0/4 4/4 0/4 0/4 0/4
088:K88 077 077 217 777 077 0/7
0119:K8 8 0/10 /10 1/10 0/10 10/10 1/10
O119:F~ 0/8 1/8 3/8 0/8 2/8 8/8
Control 0/9 0/9 0/9 0/9 0/9 0/9
f. Serum samples with positive reaction / total tested.
strains (1,2,4,5,9,10,19), our results with K88 antigen RESUMO

did not agree with the previous ones.

Our results indicated that the use of a vaccine
prepared with only one E. coli strain is not the best
approach to prevent chicken colibacillosis under field
conditions. Although, it can give certain degree of
cross protection to heterologous challenge strains.
There are some indications that the vaccine could be
prepared with different serogroups (7,8,11).

In fact, it is necessary to identify the E. coli
antigens related to protection and to find an adequate
method and media for their identification and expres-
sion. Besides that, the inactivation procedure to main-
tain the antigenic properties is of particular impor-
tance.Ithas been demonstrated that the ultrasonication
following irradiation produces a better antigen with a
broader spectrum of protection (13).
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VACINAQ[\O CONTRA A COLIBACILOSE
AVIARIA.PROTECAO CONTRA
SOROGRUPOS HOMOLOGOSE

HETEROLOGOS DE ESCHERICHIA COLI

Grupos de pintos de um dia de idade foram
vacinados, via subcutdnea, com 0,2 cc/ave de bacterinas
oleosas preparadas, individualmente, com cada um
dos seissorogrupos de Escherichia coli: 02:K88:F41,
021:K99:H52:F41, 078:K88:F41, 088:K88:F41,
0119:K88:F41 ¢ 0119:K":F-. Aos 28 dias de idade
foram desafiados, por injegio no saco aéreo com
inéculos dos diferentes sorogrupos. No sétimo dia
apdsodesalio, as avessobreviventes foramsacrificadas,
necropsiadase as lesdes nos sacos aéreos classificadas
por meio de esquema, variando de zero a quatro de
acordo comsuaseveridade. Amostras de soroscoletadas
dasavessobreviventes do experimento I, apds o desafio,
¢ do grupo controle, foram submetidas a prova de
soroaglutinagdo rapida com antigenos homélogos e
heterélogos de E. coli utilizados na vacinagio. Os
grupos de aves vacinados e desafiados com as cepas
homdlogas a utilizada na vacina apresentaram
protecéo,medida pelo indice de mortalidade, que variou
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de 37,5% a 100,0%, com a média de 74,0% de
protecio. O sorogrupo 0119:K&88 foi o que conferiu
melhor protegio (100%) ¢ o 02:K88, o pior (37,5%).
Todos os controles ndo vacinados ¢ desafiados
morreram. Os grupos vacinados e desafiados com
cepas heterdlogas apreentaram protegdo de zero a
100%, com média de 26,0%. Maiores indices
individuais de protecdo cruzada ocorreraninos grupos
vacinados com 021:K99 e desafiado ccom 088:K88,
vacinado com 078:K88 e desafiado com 021:K99 ,
com 100% de protecio cruzada. A vacinagiao com o
sorogrupo 021:K99 foi a que conferiu a maior média
de protegio cruzada (42,1%) e o 088:K88, a pior
(26,7%). Nenhuma protecio cruzada foi observada
nos grupos vacinados com 02:K88 ¢ desafiado com
021:K99¢(78:K88; vacinados com021:K99 e desafio
com 02:K88; vacinados com 088:K88 ¢ desafio com
02:K88¢0119:K88; vacinadoscom0119:F edesafio
com 078:K88 ¢ 0119:K88.

Maior profegio conferida para o desafio com
sorogrupos homélogos e a existéncia de protecio
cruzada cntre diferentes sorogrupos também foram
confirmadas nas observacoes das lesoes nos sacos
aéreos e através da prova de soroaglutinacio
rapida.Certamente, existem antigenos protetores
comuns entre diferentes sorogrupos de E. coli.

Palavras-chave: Escherichia coli, galinhas , aves,
vacinas, vacinagio, colibacilose.
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"CRITICAL PERIOD "FOR IRREVERSIBLE BLOCK OF VACCINIA VIRUS REPLICATION

Marco Antonio da Silva Campos
Erna Geessien Kroon

SUMMARY

Hela cells were infected with vaccinia virus and treated with cycloheximide 30 to 60
minutes afterinfection. The cells extracts were prepared and the proteins analysedina 12.5%
SDS-PAGE, and anearly viral protein profile was observed, which is similarto thatof infected
cells treated with cytosine arabinoside, an inhibitor of DNA replication. In order to get some
more evidence that an early viral protein could be synthesized in these conditions, enzymatic
activity of thymidine kinase was assayed in vitro (thymidine kinase is an early viral protein),
and was yiclded 30% activity compared with infected non treated cells extracts. The synthesis
of viral DNA was measured through the incorporation of [3H]-thymidine to DNA, ininfected
HeLa cells, to betterlocalize the block in the virus growth cycle, and a strong inhibition of viral
DNA synthesis was observed. Results suggest that the irreversible block in the virus
multiplication, happened after the early protein synthesis and before DNA replication.

Key-words: protein synthesis inhibition, vaccinia virus, cycloheximide

INTRODUCTION

The inhibition of the cell protein synihesis, in
cells infected with vaccinia virus, increases with the
higher multiplicity of viral infection and 95% of these
inhibitions shown to occur 1 to 4 hours after the
infection, with 50 PFU/cell of vaccinia virus. Viral
particles irradiated with UV light were defectives in
their ability to initiate viral protein synthesis, but in
spite of this, inhibited the host protein synthesis (23).
Experiments in systems without cells, in vitro,
demonstrated the existence of a factor in the vaccinia
virus core, which inhibited the protein synthesis of the
cell (1, 7, 8, 20).

The viral multiplication cycle can be analysed by

the use of a diversity of inhibitors of macromolecular
synthesis. The inhibition of the viral DNA synthesis
by cytosine arabinosid (ara C), blocked the expression
of the late genes (6,26) and the cycloheximide (CHX)
inhibited the protein synthesis in general, at post-
transcriptional level, in a reversible way (19). The
transcription of the early viral genes ocurred even
under the influence of these inhibitors, because it is
independentof de novo synthesis of viral enzymes (4,
29). However, experiments of hibridization showed
that, inthe presence of the protein synthesis inhibitors,
there appearsonly viralmRNA produced normally in
the first two hours of infection (15). So, the "turn-
off"of the early viral mRNA synthesis and the "turn-
on"of the late viral mRNA synthesis are prevented by
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the inhibitors of the proteinsynthesis. The presence of
the CHX during the period of 30 to 60 minutes after the
Hela cells infection by vaccina virus, in a high
multiplicity of infection, produced, based on MOSS
and FILLER (24), an irreversible block in the viral
DNA replication and in the viral protein synthesis,
even after the inihitors have been removed. The same
authors postulated that the failure in the viral nRNA
translation is related to the inhibition of host protein
synthesis, induced by vaccina virus. NOLL (25)
proposed the hypothesis that some virus, notspecifically
or only the vaccine virus, interferes with the host
proteinsynthesis, inactivating specific initiators factors.
Based onthis model, the viral protein synthesis would
be irreversibly blocked, if the host factor were
inactivated before the synthesis of new viralfactors. In
this way, could be explained the failure of vaccinia
viral mRNA to be translated after the withdrawal of
the inhibitor, since the presence of the drug the virus-
induced inhibition of host protein synthesis is
established, but viral protein were not produced,
although this didn't occur in low multiplicity of
infection, because in these conditions the host protein
synthesis was not totally inhibited within the period of
CHX treatment. MOSS and FILLER (24) concluded
that there was interference in the synthesis of the
initiation factors of protein, specific to virus, required
for translation.

Ourstudy describes the synthesis of early vaccinia
virus proteins in cells infected with high multiplicity
of virus and treated with CHX in the two first hours of
infection, in which event only the block of viral late
protein synthesis became irreversible.

MATERIAL AND METHODS

Culture of cells. HeLa S3 (ATCC CCL.2.2) were
maintained in exponential grow in MEM (10), added
with 5% of new born calf serum and 2 x 10° U.L of
penicillin and 25 mg/litre of streptomycin.

The primary culture of the chicken embryos
fibroblasts (CEF) was realized according to
DULBECCO and VOGT (9).

Virus - The vaccinia virus WR, received from
JOKLIN, W., Durham, USA, was multiplicated in
CEF, and purified according to JOKLIK, W.(12). For
titration, CEF were inoculated with the serial virus
suspension dilutions, which were incubated at 37°C
(5% CO2) during 48 hours. The medium was
withdrawen from the plates and these were stained
with violet of gentian 0,3% (p/v), and the areas of lise
of the monolayers were counted.
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Infection of HeLa S, cells - The cells (3 x 10)
were infected with the indicated multiplicity, in Petri
plates (diameterof 30 mm), with45 min. of adsorption,
and trecated or not by inhibitor, according to the
experiment. The viral suspension was then substituted
by MEM, with or without inhibitor, as indicated. The
celis were them washed with PBS at 4°C, collected,
centrifuged at 500 g and the sediment was frozen at -
20°C.

Treatment of the cells with inhibitors - With
CHX: three conditions were utilized. In the first one,
which we called treatment in the “critical period”, the
CHX was added 15 minutes before the infection and
kept for two hours after the end of viral adsorption, and
in these conditions there isn’t multiplication of the
virus, and the effect of the CHX is irreversible, even
after the inhibitor withdrawal, according to MOSS
and FILLER (24). To obtain a reversible effect of the
CHX, two otherconditions were used, according to the
already mentioned work (24), in which the CHX was
present2 hours later, when the inibitor was withdrawen.
Inthese three conditions, the dose of CHX was 300 ug/
ml (24). The viral infection was of 50 PFU/cell or
double infection, with 30 PFU/cell of active virus
followed by another “infection”with the equivalent to
50 PFU/cell of virus, pre-treated 5 minutes with UV
light (23).

With ara C: the inhibitor was put (50 ug/ml) 15
min. before the infection and the drug remained until
the material was collected.

With CHX and ara C: were utilized the two
inhibitors inthe same sample, the ara C was kept from
15 min. before the infection until the collect and the
CHX was kept in the “critical period”.

Analyses of the polipeptides by incorporation
of [*3S]-methionine - The nutrient medium of the
infected cells was discarded and substituted by
methionine-free MEM. Atindicated times, 10uCi/ml
of L-[3S]-methionine (with specific activity of 800
uCi/mM) were added to the cells(27). After one hour
of incubation at 37°C (5% CO,) this medium was
discarded and the cells were washed three times with
PBS. The cells were collected and washed twice with
PBS and centrifuged at SO0 gat 4°C. The sediment was
resuspended in 60 ul of distilled sterile water and
frozen at -20°C during 30 min., thawed and subjected
to sonic vibrations at 3 A during tcn seconds on ice
bath.

PAGE - The cells were infected and the samples
were adjusted to contain 100 ug of protein according
to LOWRY, O. et al. (21). The electrophoretic
separation was made in PAGE 12.5% (18). As
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molecular weight markers there was used a mix of
non-radiative proteins (SDS - 7, Sigma), of 14.2 10 66
kDa. After staining, drying and exposing the gel to a
film for X-ray, the film was superput to the stained
dried geland notes were made ofthe relative molecular
mass, in the margin of the film.

DNA viral synthesis in HeLa S3 cells - The
synthesis of DNA of the vaccinia virus was measured
through the incorporation of [*H]-thymidine to the
viral DNA (6). HeLa cells were infected with 50 PFU/
cell of vaccinia virus WR, and 2 or 4 hours after the
end of the adsorption, the [*H]-thymidine was added
to the medium (10 uCi/ml, specific activity 50 Ci mM)
during 10 min. The cells were collected in 0.5 ml of
sample buffer (0.01 MTRIS pH 7.3, 0.003 M MgClI2,
0.01 MKCL,0.5% (p/v) Nonidet P4O) and the mechanic
rupture was made with sonic vibration during 5 min.
at 3 A. The sample (Sul) was mixed with 1 ml of
distilled water at 4°C and at 1 ml of TCA of the
precipitation was filtered on Whatmann GF/C
menbrane, which was dried for one hour at 60°C, and
thescintillation’s liquid (POPOP intoluol) was added
and it was counted in scintillator.

Determination of the enzymatic activity of
the thymidine kinase (TK) - HeLa cells were infected
with 50 PFU/cell of the virus, collected 8 hours after
the infection and frozen. The enzymatic activity was
determined in cells extracts with 10 ug of protein/
sample, in15,40-and 65 min. (11). The blank value of
the incorporation of [?H]-thymidine was determined
by extracts of infected cells withvH5TK 1 (recombinant
vaccinia virus non productor of the TK enzyme,
received from GRUN, J., FRG) which was subtracted
from the value of another samples.

Inactivation by uvltraviolet light - Purified
virus (100 ul) was diluted in 4900 ul of solution ImM
TRIS pH 8.8. An UV germicid lamp of General
Electric GISTS was used with a distance of 9 cm on
open Petri plate with the virus (with agitation by sterile
magnetic bar), and the irradiation was made during 5
min. (23). Titrations of the irradiated samples were
realized in dillutions of 1071, 10-2, 103,

RESULTS

To the study of the synthesis of the viral and
cellular proteins in the infected cells, in conditions of
treatment in the “critical period”with CHX, many
PAGE werc realized, after incorporation of [33S]-
methionine.

The experiment of the FIG 1A was made with
extracts from cells infected with 50 PFU/cell of the
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vaccinia virus WR. Under these conditions there was
amuchaccentuated cytopathic and eytotoxiceffect, to
which were added the actuation of the inhibitor drugs
ara C and/or CHX, and still the procedure of the
washing of the cells after tratment with CHX, which
caused with frequency the loss of the cells of the Petri
plate. However, with double infection, using the first
infectionthe active virus (30 PFU/cell) and immediately
after, the virus inactivated with UV light (50 PFU/
cell), acomplete host proteinsynthesis inhibition was
observed, without accentuated cytotoxic effect and
loss of cells (FIG 1B).

FIGURE 1 - Protein synthesis inhibition of HelLa celis by infection
with vaccinia virus WR in autoradiograph of PAGE at 12.5%.

A-cellswere infectedwith SOPFU/cell in the time Oand the adsorption
was conducted. Six hours after the end of the adsorption the
medium was changed to methionine-free medium and [*S}-
methionine (10 nCi/mi) was added during one hour. Cellsextracts
were prepared according to material and methods. In the test were
used 100 pg of proiein/sample in a PAGE (12.5%) and the
autoradiograph was made. B - in the time 0, 30 PFU/cell of virus
was added to the cells and immediately after the equivalent to 50
PFU/ecell of UV inactivated virus. The incorporation was made
from the seventh to the eighth hour and was conducted as in A.
Lanes I and 11 - infected cells; 2 and 6 - non-infected cells; 3 and
9 - cells infected and treated with CHX (300 pig/m!) from 15 min.
before until 2 hoursafter the adsorption; 4and 8 - cellsinfected and
treated with ara C (50 pg/ml) from 15 min. before the adsorption
up to the collect; 5 - cells infected and treated with CHX (300 pg/
ml) from 2 hours until 4 hours after the end of adsorption; 7- cells
infecied and ireated with CHX (300 j1g/mi) from 2 hours before
until immediately befote the adsorption; 10- cells infected and
treated with ara C (50 ug/ml) from 15 min. before the adsorption
up to the collect and treated with CHX (300 pg/ml) from 15 min.
before until 2 hours after the adsorption.

Fromthe experiments of the FIG 1 (A and B) we
can observe that, lanes 2 and 6 have a dense profile,
when we apply 100 ug of protein at PAGE, the
predominant band being with 43 kDa. The lanes 1, S,
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7 and 11 presented the bands of 27, 29, 35, 65 and 76
kDa. The lanes 3, 4, 8, 9 and 10 presented the bands
of 27, 33 and 42.5 kDa.

Synthesis of the thymidine kinase - This test
showed that, when HeLa cells are infected and treated
with CHX in the "critical period", after the removal
of the inhibitor, there is a significant production of the
TK viral enzyme (ca. of 30% of the produced by the
virus, when non-treated previously with CHX) .

[*H}-Acpm

-3
400 x10

300

200 -

100

15 40 [N

(minutes)

[ ETR*

FIGURE 2 - Enzymatic activity of thymidine kinase.

Hela cells were infected with 50 PFU/cell of vaccinia virus and
collected 8 hours after the end of the adsorption. In the test were used
extracts of cells with 10 ug proteins/samples, with [3H]-thymidine, in
times of 15, 40 and 65 min. (samples in triplicats were used).

BH#- value of cells infected by vaccinia virus WR minus value of
infected cells by vHS___ (vaccinia virus recombinant non productor of
TK)

B - value of cells infected by vaccinia virus WR ( treated with
CHX in the "critical period") minus value of infected cellsby vHS |

TKE

4kl - value of cells infected by vaccinia virus WR treated by CHX

continually after the infection minus value of infected cells by vHS, |

DNA synthesis - In order to verificate the viral
DNA synthesis in these conditions, an incorporation
of |*H|-thymidine was made (FIG 3).

Experiments of incorporation in cells, infected
and treated witharaC wercrcalized, as control, because
this drug inhibit the synthesisof DNA (26). Inthe celis
infected and treated with CHX in the “critical period”
(column 5) there was observed a lower incorporation
than with the cells infected and treated with ara C
(column 3). So we can conclude that the synthesis of
DNA  becomes strongly inhibited, under these
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[>H]- thymidine (Acpm)
1600

1400 -

1200 -

1000

800

600 -

400

200 -
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FIGURE 3 - DNA synthesis in HeLa cells infected by vaccinia
virus WR. Cells were infected with 50 PFU/cell in the time 0. After 2
hours from the end of adsorption the [H]-thymidine was added to the
medium during 10 min., and the incorporation was read in scintillator.
1 - infected cells, non treated with drug; 2 - non infected cells; 3 - cells
infected and treated with ara C (50 ug/ml) from 15 min. before the
adsorption up to the collect; 4 and 5 - cells infected and treated CHX
(300 ug/mi) from 15 min. before the adsorption until 2 hours after the
same, when the sample S received the [PH]-thymidine during 10 min.
and was collected, while the sample 5 received the [3H]-thymidine
during 10 min., 4 hours after the end of the adsorption (Samples in
triplicates were used).

conditions. Non-infected cells (column 2) presented
an incorporation of [3H] less than the half of the value
of the sample of infected and non treated by drug cells
(column 1). Cells treated with CHX from viral
adsorption tocollect (column4 -control of the efficiency
of the drug) presented an incorporation identical to the
one in column 5.

DISCUSSION

Inhibition of the synthesis of proteins in HeLa
cells infected with vaccinia virus - The 43 kDa
protein is a cellular protein. The 76, 65, 35 and 29 kDa
proteins are viral, because they weren’t present in the
host cell, and late viral, because they were synthesized
after the DNA replication, which is around 2 hours
after the begining of the infection (13). The 33 kDa
protein is viral because it was absent in the host cell,
and isan early viral protein, because it was synthesized
inthe presence ofara C, inhibitor of the DN A synthesis
(26). The 27 kDa protein is viral because it was absent
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in the host cell, and is an early and late viral (carly-
and-late) because it was synthesized before and after
the viral DNA replication. The 42.5 kDa proteinis an
early viral protein (5, 7). Analysing these results,
beyond the profile of the non infected cells (samples 2
and 6), we can divide the profiles in two groups: one
inwhich late and early-and-late proteins were present
(samples1, 5,7 and 11) and another presenting early
and early-and-late proteins (samples 3,4, 8 9 and 10).
Therefore, we can verify that, when infected cells were
treated with CHX in ihe “critical period” (samples 3
and 9), proteins with an electrophoretic profile,
characteristic of early viral proteins were synthesized,
when the inhibitor is withdrawen.

The contested irreversibility in relation to early
proteins. According to MOSS and FILLER (24), the
presence of CHX in the first 2 hours of infection of
HeLa cells with high multiplicity of vaccinia virus,
produces an irreversible block in the viral DNA
replication and in the viral protein synthesis, even
after the withdrawal of the inhibitor. However, in the
present work in PAGE, in experiments with extracts
of infected cells with vaccinia virus in this conditions,
there was observed the presence of proteins with
relative molecular mass similar to the viral proteins
found in cells infected and treated with ara C (early
viral proteins) (FIG 1, A and B). This suggests that
some proteins of the samples treated with CHX inthe
quoted conditions, could be early viral proteins. The
CHX inhibits the synthesis of protein at peptidyl
transferase level (19), threfore after the transcription,
not impeding the formation of the mRNA, which
became accumulated(4,29). So, it was concluded that
the treatment with CHX inthe “critical period”, of the
cells infected with vaccinia virus, made a
synchronization of the carly phase of the viral
multiplication possible. Afterthe eliminationof CHX,
all the mRNA are present in sufficient quantity to
produce proteins detectable by the employed methods.
Inanotherexperiment (4) CHX was applied during the
whole time of infection, and the protein profile in
PAGE was without bands (control of drug efficiency)
(data not shown).

As the TK is an carly protein of the vaccinia
virus (22, 31), its enzymatic activity was detected, in
virus infected cells and treated with CHX  in the
“critical period”, to show the production of functional
early protein. Although the resuits had showed that
the functionof TK inthese conditions of infectionand
treatment of the cells, was around one third of the one
in the cells infected without treatment, it was at least
4 times higher than the value of the enzyme activity
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obtained in infected eells treated with CHX from the
begining of the infection to the harvest. Therefore, ihe
synthesis of the carly vaccinia virus proteins occurs,
eveninthe conditions described by MOSS and FILLER
(24) as irreversible. These differences certainly are
due to the differents methods of analysis, because
MOSS and FILLER (24) rcached their conclusion
from the absence of the synthesis of viral and cellular
proteins, throghthe incorporation of aminoacids, with
amix of the same ones containing [ 14C], twenty years
ago, atesticss sensibie than the one effectuated in this
work, with the direct visualization of viral bands in
PAGE, when the proteins are marked with [355]-
methionine (FIG 1). The profile of the proteins in
PAGE, in these samples, didn’t demonstrate any
protein with characteristic molecular weight of the
late class.

The experimental conditions utilized in this
study are very important; for example, proteins of the
vaccinia virus were obtained by CARRASCO and
BRAVO(S), intwo dimensional PAGE, with extracts
from cells infected and treated with CHX in the first
3 hours of the infection. The cells were infected with
a multiplicity of 20 PFU/cell, not filling therefore the
requisites of a condition of treatment with CHX in the
“critical period”, which is of 50 PFU/cell or by double
infection and, so, there didn’t occur inhibition of the
DNA synthesis nor of the viral late proteins.

From protcins of HeLa cells, the one which has
more expression intwo dimensional PAGE is the one
with a relative mass of 43kDa, which is the actin (5).
This protein wasn’t observed, or any others from
ccllular origin, in extracts of HeLa cells infected with
high multiplicity of vaccinia virus, in PAGE (FIG 1,
A and B), which confirms MOSS (23).

Inthe vaccinia virus early multiplication phase,
there is a protein witha relative molecularmass of 42,5
kDa (5, 7). The sensibility of PAGE isn’t sufficient to
differentiate between proteins with molecular mass of
42,5 and of43 kDa. So, inthe cells infected by vaccinia
virusandtreated with araC (lanes 4 and 8 from the FIG
1) the protein with molecular mass approached this
value, was considered as having 42,5 kDa (carly viral
protein), because it was cited thus in the literature. The
same occurs with the equivalent protein in the cells
infected by vaccinia virus and treated with CHX inthe
“critical period”(lanes 3, 9 and 10 from FIG 1). Many
authors affirm that there is an inhibitor agent of the
synthesis of the cellular protein in the vaccinia virus
core (1, 7, 8, 20), and it is therefore not necessary to
make de novo synthesis of viral proteins to the
occurrence of the phenomenon. So, in the samples
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with the profile of early viral proteins and the absence
of viral late proteins, we suppose that this selective
inhibition had occurred, and the protein in question (
with molecular mass approached of 42,5 kDa) in this
case is the early viral protein of the vaccinia virus.

Synthesis of viral DNA. The viral DNA synthesis
was analysed (FIG 3) in HeLa cells, infected by
vaccinia virus WR and treated with CHX in the
“critical period”, and we observed that the
incorporation of [3H]-thymidine by cells was lower
thanthe incorporationin cells treated with ara C. This
result indicate a synthesis of viral DNA extremelly
inhibited, it was therefore concluded, that there is an
irreversible effectinrelationto the viral DNA synthesis,
in these conditions. The incorporation of [H]-
thymidine in column 2 (non-infected cells) was a
cellular DNA synthesis. Because there is a strong
inibition of cellular DNA synthesis in infections of
cells with highmultiplicity of vaccinia virus (13, 17),
the value of this incorporation is only valid in the
comparison between column 1 with column 2 (lo
compare viral DNA incorporation with cellular DNA
incorporation).

Mechanism of protein synthesis inhibition -
As the DNA synthesis was strongly inhibited (FIG 3),
and the late viral protein synthesis was blocked (FIG
1, A and B), while the early viral protein synthesis
occurred (FIG 1, A and B), in conditions of cells
infected and treated with CHX at “critical period”, if
there is a cellular factor that the virus needs to
multiplicate itself in infected cells(24), this factor is
necessary to the viral DNA replication and not for the
viral early protein synthesis . Or, because of the
syncronization and accumulationof carly viralmRNA,
caused by cycloheximide, early viral protein,
synthesized after the inibitor’s withdrawal, could have
caused the irreversible effectinthe viral DNA synthesis,
because there was a modification of temporal regulation
of the vaccinia replication cycle. Without the occurrence
of the viral DNA replication, which according to a
regulation cyclic model (16), provides molds of free
DNA to intermediary and late genic expression,
regulating the whole process, the viral multiplication
isinterrupted. The VLTF (vaccinia late transcription
factor) (30), according to the same model (16), is
synthesized just in the intermediate phase of the
infection, onec more reason for which there isn’t
translation (because there isn’t transcription) of late
genes, when we utilize the treatment with CHX in the
“critical period”of cells infected with vaccinia virus.
Although the VITF-A and the VITF-B (vaccinia
intermediate transcription factors) were synthesized
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in early phase of infection, the intermediate genes
aren’t expressed in infected cells, without that the
DNA viral synthesis havingocurred (28). Because the
VETF (vaccinia carly transcription factor) (2, 3) still
according to thismodel (16), is synthesized in the late
phase of previous infection, this factor is still present,
together with the viral RNA polimerase (14), even
with the presence of proteic inhibitors, and the
transcription (4, 29) and transiation of early genes
(FIG 1, A and B) are then realized in infected cells.

Asaresultofviral double infection, we obtained
a complete inibiton of the cellular protein synthesis
(FIG 1 B), which confirms once again that the viral
structural proteins have an important role in this
inhibition process.

RESUMO

“Periodo critico”para o blogueio irreversivel
da replicac¢ao do virus vaccinia.

Células HeLa foram infectadas com virus
vaccinia ¢ tratadas com cicloheximida de 30 a 60
minutos apés a infecgiio. Extratos de células foram
preparados e as proteinas analisadas em um SDS-
PAGE 12,5%, e um perfil de proteinas precoces de
virus vaccinia foi observado, o qual era similar ao de
células infectadase tratadas porcitosina arabinosideo,
uminibidorda replicaciode DNA. A fim de obter mais
evidénciasde que proteinas precoces do virus vaccinia
poderiam ser sintetizadas nestas condicoes, foi feito
umensaio daatividade enzimdtica datimidina quinase
invitro(atimidina quinase é uma proteina precoce do
virus vaccinia) ¢ foi obtida 30%de atividade enzimética
quando comparado comextratos de células infectadas
¢ ndo tratadas pela droga. Para melhor localizar o
bloqueio no ciclo de replicacdo do virus vaccinia, a
sintese de DNA viral foi medidaatravésdaincorporacao
de [*H]-timidina em células HeLa infectadas, c uma
forte inibi¢ao da sintese de DNA viral foi observada.
Os resultados sugerem que o “periodo critico”para o
bloqueio irreversivel na multiplicagio viral € apds a
sintese de proteinas precoces e antes da replicagio de
DNA.

*alavras-chave: inibicdo da sintese proteica, virus
vaccinia, cicloheximida.
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BEHAVIOUR OF STAPHYLOCOCCUS AUREUS AND OF ESCHERICHIA COLI AND INJURY
FORMATION DURING PRODUCTION AND STORAGE PHASES OF PARMESAN CHEESE

Celso Guimaries Barbosal
Paschoal Guimaries Robbs?
Valdir Favarin3

SUMMARY

The behaviour of S. aureus and E. coli during production and storage phasesof Parmesan
cheese was studied. The product was prepared following the usual technology, being the mitk
used inoculated with S. aureus ATCC 25923 and E. coli ATCC 25922, after pasteurization,
to provide concentrations of approximately 106 and 107 cells/ml, respectively. Cheese pieces
were keptat 15 £ 2°C for 130 days and later at 21 + 2°C until day200. Inorderto assessinjury
formation, counts were made on all of the samples of S. aureus and E. coli, both by traditional
methodology and those employing the recovery period of stressed cells (15). pH and acidity
were constantly determined. The ripening process of Parmesan cheese prompted the reduction
of fourlog cycles onS. aureus counts. In the case of E. coli the multiplication occurred at the
beginning of ripening (about one log cycle), which stabilized later on, with a count decrease
to four and five log cycles in relation to the beginning of ripening. Thermal injury occurred
on both organisms during heating phase of curd at 50°C, especially on E. coli. Sublethal acid
injury onE. colibeganto occur faster and in smaller concentrations of lactic acid (0,50%) than
itdid for S. aureus (0,70%), during ripening, :

Key words: S. aureus, E. coli, bacterial injury, Parmesan cheese.

INTRODUCTION

In the Brazilian market, several types of cheese
are found, of which the Minas cheese, which can be
soft or cured, is outstanding; there is the "Prato"
(Edam-like) cheese, noted for its semi-cooked curd,

and the Parmesan cheese, which has a low humidity
content. Among these, only Parmesan cheese, owing
toits long ripening period (over four months), is most
of times made from crude milk. In cheese production,
when milk pasteurization is not conducted properly
and when certain hygienic/sanitary and processing
cares are not taken, several microorganisms, such as

L Department of Mathematics, UFRJ, Antiga Estrada Rio-Sao Paulo,km 47, 23851-970 Seropédica, Rio de Janeiro, Brazil

2 Department of Food Technology, UFRJ, Fellow of CNPq
3 Department of Food Technology, UFRI
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Staphylococcus aureus and Escherichia coli may
represent danger to public health. The multiplication
of S. aureus during and after the manufacture of
various cheese, has caused the involvement of these
products in several infoxication outbreaks (22). Also
E. coli, especially the enterotoxigenical and
enteroinvading strains, have been reported as causing
such otitbreaks (13).

Some researchers have studied the behaviourof'S.
aureus in cheese consumed in Brazil, particularly in
"Minas" checse (1, 5) and Parmesan cheese (19). On
other types of cheese not traditional in Brazil, some
studies have been carried out (8, 19). As to the
behaviour of E.coli during cheese manufacturing
periods, this has been less researched.

During the manufacture of Parmesan cheese, in
which curd heating is employed, stress or thermal
injury of microbe cells may occur, depending on
processing conditions. Now by the time of ripening, a
period in which an acidity increase is observed, there
is the possibility of occurrence of acid injury. The
Department of Food Technology of Federal Rural
University of Rio de Janciro (UFRRJ) runs a large
program on the microbiology of dairy products, which
also comprises the microbiological stability aspect.
This paperis anattempt to verify the behaviour, as well
as the development of sublethal injuries in S.aureus
and E. coli during the production and marketing
phases of Parmesan cheese.

MATERIALS AND METHODS

Preparation of S. aureus and E. coli. S. aureus
strain ATCC 25923 and E. coli ATCC 25922 were
used. Stock cultures kept at 5°C on biazed nutrient
agar (Difco), were chopped into tubes containing
lactosed broth which, after incubation at 35 = 1°C for
12 hours. Cells were then centrifuged and washed
three times in saline solution at 0.85% at 6000 rpm, on
an EXCELSA 2 centrifuge manufactured by FANEM..
After last washing, cells were resuspended in 50 ml
peptonated water at 0.1%, optical density being read
on spectrophotometer model SPECTRONIC 20 from
Bausch & Lomb, at 570 nm. Along with this, number
of viable microorganisms from suspension was
determined by counting on plates, on Baird-Parker
agarmedia (BP-Merck agar), forS. aureus, and violet
red bile agar (VRBA-Merck) for E. coli. On relating
the absorbance measure of suspension and the number
of viable microorganisms fromit, a factorwas obtained
which was used to inoculate the pre-determined cell
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count into the samples.

Cheese preparation. Pieces were produced in a
local, small-size dairy industry. After quick
pasteurization of milk (72°C for 15 seconds), and cool
ing at 32°C, the following were simultaneously
inoculated: lactic culture (on a 15% ratio) of
Lactobacillus and of Streptococcus thermophilus;
suspensions of viable cells in concentration of
approximately 10°and 107 cells/ml, respectively; clot
in an amount needed to obtain coagulation in 25-35
minutes, and calcium chloride on a ratio of 25 g per
100 liter mitk. On following steps, the traditional
manufacturing methodology was used, salting being
not made. Cheese produced (two picces weighting 7.5
kgeach) were stored firstinincubator roomat 15 +2°C
for 130days,and laterinaB.O.D.ovenfromFANEM
at 21 = 2°C up to end of experiment (200 days) .

Sampling. Physico-chemical and microbiological
analyses were conducted from manufacture through
ripening. Samples were obtained on following phases:
(a) inoculation of bacterial suspension at 33°C (zero
time); (b) clotting, at 34°C (at 22 minutes); (c) curd
heating, at 40°C (at 33 minutes); (d) whey removal, at
50°C (44 minutes); (¢) ripening at times of 1, 2, 3, 4,
11,18, 25,32, 46, 60,74, 88,102,116, 130, 144, 158,
172, 186, and 200 days.

Samples obtained on cheese processing were
collected in sterilized glass vials, kept in isothermal
boxes with ice, and analyzed within one hour at the
most. Inorder to obtain cheese aliquots on later steps,
asterilized tubular extractor (a cork driller) was used,
with which cheese cylinders were drawn from inside
the pieces, on sites from which the surface layer had
pre- previously been removed. Afterwards the holes
were filled with sterilized vaspar (vaseline and paraffin,
1:1).

Physico-Chemical and Microbioclogical
Determinations

pH and acidity determination. pH and acidity
analyses were conducted in triplicate, following the
techniques described in the Handbook on Physico-
Chemical methods from the Animal Reference National
Laboratory {LANARA), Ministry of Agriculture (3).
pH was measured on a pHmeter model CG 711 from
SCHOTT MAINZ; on liquid samples, readings were
made directly, while on cheese samples 5 g were
previously homogenized in 50 ml distilled water prior
to mensuration. For acidity analysis, cheese samples
were macerated in a vial and subjected to previous
extractionwithethylic alcohol p.a.at95% (neutralized)
for24 hours. After filtration, it was titred with a NaOH
solution 0.1N, acidity being expressed in lactic acid
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(% wiw).

Microbiological analysis. Traditional
methodologies were used, as recommended by
LANARA (4) as well as those enabling the recovery of
injured cell, recommended by the American Public
Health Association (APHA) (12, 15).

For the analysis of S. aureus after the traditional
methodology, 25 galiquot were employed which were
homogenized for two minutes in 225 ml peptonated
water at 0.1%, in a sterilized blender cup. From such
suspensions (1:10) decimal dilutions were made in
peptonated waterat0.1%, which were inoculated (0.1
ml fromeachdilution with eight replications) following
the surface plate method, on Petri plates containing
Baird-Parker agar, These were incubated at 37 * 1°C
and read after 24 and 48 hours. On the technique using
recovery of injured cells of S. aureus, 25g cheese
aliquots were homogenized as previously described,
however, in 225 ml casein-peptone soymeal-peptone
broth (CASOY-Merck broth), and incubated at 35 +
12C for two hours. Afterwards, decimal dilutions,
inoculations and incubations were made following
description of the traditional methodology.

On the analysis of E. coli by the traditional
methodology, samples and decimal dilutions were
prepared as seen previously on the traditional analysis
of S. aureus. Afterwards, 0.01 ml aliquots from each
dilution (eight replications) were inoculated, following
the surface plate method, on Petri plates containing
violet red bile agar. Incubation was made in an oven
at 35 + 1°C for 24 hours. In the technique using the
recovery of injured E. coli cells, decimal dilutions of
samples mentioned in previous item were inoculated
by the surface plate method, on plates containinga thin
layer (approx. 5 ml) of casein-peptone soymeal-peptone
agar (CASOY-Merck agar). After incubation at 35 +
1°C for two hours, plates were overlaid with
approximately 15 ml violet red bile agarand incubated
inanovenat35+ 1°Cfor24 hours, when characteristic
colony counts were made.

Statistical analysis. Essays were designated taking
into consideration an entirely randomized design,
with two factors (employed methodology and
assessment period)and fourreplication pertreatment.
For the assessment of results from microbiological
counts, values thercof were analyzed by Fisher-
Snedecor's F test and the Tukey's test, both at a 5%
significance level (17). For percent calculations of
non-detected cells, the mathematical equationdescribed
by RAY (14) was used.
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s Log number CFU/g pH Acidity % lactic acid
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Production phases (minutes*)
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EICurd (A) EBCurd (B) == Acidity

FIGURE 1 - Behaviour of S. aureus population on inoculated
Parmesan cheese (= 108S. aurens cells/mi milkand = 107E, cols cells/
ml milk), as assessed by the traditional methodology (A) and the
methodology employing stressed-cel! recovery (I3); of pH and acidity
during the production phases. (*) 0 min: inoculation of bacterial
suspension (33°C)

22 min: milk clotting (34°C)

33 min: curd heating (40°C)

44 min: whey removal (50°C)
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FIGURE 2 - Behaviour of S. qureus population on inoculated
Parmesan chee cheese (= 10°S. aureus cells/ml milk and = 107E. coli
cells/m! milk), as assessed by the traditional methodology ( - 0 -) and
the method of employing stressed-cell recovery (-*-); of pH (-+-) and
acidity (-A-) during the storage phases.
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RESULTS AND DISCUSSIONS

On S. aureus behaviour. Results concerning pH
and acidity determinations, as well as S. aureus counts
following the two methodologies during manufacture
and storage phases are seen in Figures 1 and 2.

It is noted from Figure 1 that there was, after
clotting, a greater hold of S.aureus to the curd than to
whey.Indeed, MINOR & MARTH (10), on reviewing
S. aureus in dairy products, reported work with Colby
cheese produced with crude milk inoculated with S.
aureus, refer to counts 13 to 32 times higher of the
bacterium in the curd than in whey.

From Figure 1, it is also noted that there was
practically no variation on count from milk inoculated
withS. aureus (2,0 x 10cfu/ml) forthe curd after whey
removal (at 50°C), which was 1,2x10%cfu/g. Seemingly,
there was a balance between the increase phases (curd
multiplication or retention) and count decrease phases
(temperature effect). Multiplication during initial
phases of Cheddar cheese manufacture was already
observed by TATINI et al. (18), who at first found a
fast, and later, a slow increase in S. aureus count
during pressing, final counts being six to 12 times as
much as first counts. They also concluded that an
approximate 10-fold increase was the result fromcell's
physical retention. Still with regard to S. aureus
behaviour on initial phases of Parmesan cheese
preparation, (Figure 1), at first a marked drop in
counts was noted (from 1,2x10° to 1,9x10%fu/g), of
nearly two logcycles, from curd afterwhey removalio
shaped product (first day), (Figure 2), thus indicating
possible decreases owing to temperature (50°C) effect.
After first day of preparation, S. aureus counts kept
practically constantupto day 32 whenitstarted todrop
progressively (Figure 2). Within the stability period,
acidity was lower than 0.70% lactic acid. Decrease
beganto be effectively observed when acidity reached
0.68% and pH 6.1. From this point on, decrease was
marked and steady although some oscillationoccurred,
probably owing to sampling factors. At the end of
experiment, decreases were already higher than four
log cycles in relation to first day. Acidity increase
resulting from production of lactic acid by lactic
bacteria is essential to the control of S. aureus
population in cheese. A very interesting study on this
microorganism's behaviour during the marketing
period of "Minas" and "mussarela" cheese was carried
outby ASSIS (1). On the former cheese type, sensible
decrease incounts was observed when acidity reached
the 0.50% level and, on the "mussarela” cheese type,
0.80% lactic acid. Until such concentrations were
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reached, however, an increase in counts was observed
for both types of product. DELAZARI et al. (5) also
found development of S. aureus in "Minas” cheese,
which was more marked on firstdays after processing.
Increases in S. aureus counts on phases following
processing were also detected on "Minas" cheese and
on "mussarela" cheese by ASSIS (1). On "Burgos"
cheese, NUNEZ et al. (11) also verified similar
behaviour, there being an increase inS. aureus count
on first day after manufacture which kept steady up to
day 3 of storage at 15°C, followed by a gradual
decreaseondays 5 and 7. Therefore, itis seenthatacid
concentration is critical, and, if certain value is not
reached, there is anincrease in risk potential resulting
from S.aureus development. That was also found by
ZEHREN & ZEHREN (22) on Cheddar cheese and by
TATINI et al. (18), on Cheddar and Colby cheese.
Thus the lactic acid culture used is fundamental.
However, the measure isolated from the pH in cheese
has a relative importance, since in high pH values
(above 5.0) inhibition may occur, depending on the
lactic acid concentration. This results from the
buffering power of casein. WALKER et al,, cited by
MINOR MARTH (10), shows this fact when they
managed to recover staphylococci at the end of 120
days (approx. 1% of tirst day count), and verified that
during ripening the pH level ranged from 5.10t0 5.75
and did notfound any evidence of correlation between
pH-and staphylococci counts. Also-the inhibiting
effect of certain starter strains, especially Streptococcus
lactis, upon S. aureus, should be taken into
consideration (8, 11).

On E. coli behaviour. The results regarding to
pH and acidity determinations, as well as E. coli
counts following the two methodologies, during
fabricationand storage phases, are expressed in Figures
3and4.Itisobserved from Figure 3, that E. coli counts
in curd and whey kept practically constant up to 30
minutes (heating phase, at 40°C).

Similarly to what occurred with S. aureus, counts
in curd were higher than those in whey, however, on
smaller proportions. At the time of whey elimination
decreses from two to three log cycles (per traditional
count) occurred both on whey and curd, thus higher
thanthose observed for S. aureus. Onstudying E. coli's
behaviourduring  the manufacture period of Cottage
cheese VECCHIONACCE et al (20), verified that
bacterial counts did not vary very much during
inoculation, acidification, clotting, and cutting phases
of curd at a 38°C temperature. Using a low inoculum
level (2,5x10%E. coli/ml), they found that curd heating
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Log number CFU/g pH Acidity % lactic acid
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FIGURIE3 - Behaviour of E. coli population on inoculated Parmesan
cheese (= 108S. aureus cells/mlmilk and s 107 . coli cells/ml milk),
as assessed by the traditional methodology (A) and the methodology
employing stressed-cell recovery (B); of pH and acidity during the
production phases.

(*) 0 min: inocuiation of bacterial suspension (33°C)

22 min: milk clotting (34°C)

33 min: curd heating (40°C)

44 min: whey removal (50°C)
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FIGURE 4 - Behaviour of E. coli population on inoculated Parmesan
cheese (= 1065, aureus cells/ml mitk and = 107 E. coli cells/ml milk,
asassessed by the traditional methodology (--0- -)and the methodology
employing stressed-cell recovery (- * -); of pH (- + -) and acidity
(-A-) during the storage phases.
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from 43 to 49°C, thus close to the 50°C temperature
used in this picce of research, caused the reduction of
approximately one log cycle, and that at 54°C there
occurred entire destruction of the microorganism.

It is observed from Figure 4, that immediately
after molding (first day), an increase was observed in
the Parmesan cheese of approximately two log cycles
(per traditional count) in relation to curd's count after
whey removal at 50°C, and which continued, in a
slower fashion, upto day 4, whenitremained practically
stabilized up to day 46. At this phase, the acidity was
0.84% lactic acid and the pH was around 6.0. From
then on, a gradual decrease in counts was observed,
which reached five log cycles on the 200th day of
ripening. Some papers on E. coli's behaviour during
preparation and ripening phases of cheese show results
similarto those obtained in this paper . THOMPSON
& MARTH (1 9), verified that during ripening of
Parmesan cheese, coliforms were gradually decreased
up to full elimination at seven months at the most. On
the other hand, KORNACKI & MARTH's paper (9),
on a cheese similar to Colby cheese, showed that an
inoculumwith approximately 103 E. colicells/ml milk
yielded a cheese with counts higher than 10® E. coli/
g immediately after fabrication.

On injury formation. Concerning injury
formation during the processing phase (from zero to
44 minutes) of Parmesan cheese, from Figure 1 it is
observed that significantly different S. aureus counts
occurred between the two methodologies employed,
except for the whey sample obtained at 44 minutes.
Higher counts were obtained when injured cell recovery
was used, through a two hour preincubation at 35°Cin
liquid medium. During the ripening phase (Figure 2 -
samples of 1to 200 days), this also occurred, although
the statistical tests showed significantdifferences only
on count averages of samples obtained on days 2, 11,
60, 88 and 102 of ripening. Therefore, the use of the
injured cell recovery methodology, generally made it
possible to obtain higherS. aureus counts than by the
traditional methodology, although differences were
significant only on samples in which percent cells not
detected by the traditional methodology were above
40.0%.

Thermal injury of S. aureuscells possibly occurred
on the phase in which curd reached around 50°C and
acid injury began to be noted from the period between
32 and 46 days of ripening, when acidity levels
increased considerably. From then on a significant
difference between counts averages of both
methodologies was observed.

The development of acid injury on S. aureus cells
wasstudied by EL-BANNA & HURST (7). Usinga pH
between 4.0 and 4.5 they verified that the
microorganism's cells, in the presence of lactic acid,
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died a little faster at 37°C than at 46°C. They did not
manage to detect the bacteriumafter two daysatpH4.0
using the temperature of 37°C, but it was possible to
detectitaftersevendays atpH 4.5 Using pH 5.0, there
was a cellular increase at both temperatures. The
authors stress that such results were already expected,
since antimicrobial activity of organic acids is due
mainly to non-dissociated molecules, which occur.in
larger proportion with lower pH values. Thus, 35%
from total acetic acid occur in a non-dissociated form
at pH 5, whereas 85% occur at pH 4. Similarly, 6 and
39% from total lactic appear in the non-dissociated
form at pH 5 and 4, respectively (2). Therefore, small
pH increases may mean large increases in the ratio of
non-dissociated molecules. ZAYAITZ & LEDFORD
(21)also onstudyingacid injury effectupon S. aureus,
verified that a difference of at least 25% between
counts inhon-selective medium (trypticase soy agar-
TSA) and in selective medium (TSA + 7% NaCl)
evidence acid injury on S. aureus cells. In the case of
Parmesan cheese, formation of acid injury of said
microorganism probably augmented after the acidity
reached values around 0.70% This was also found by
ASSIS (1) at levels between 0.50% and 0.80%, for
"Minas" and mussarela cheese. Indeed, at increased
acidity conditions, greater differences between counts
begin to be observed from 46 days of ripening, which
well characterizes stressed cell formation.

Regarding E. coli, during the first phases of
Parmesan cheese processing (Figure 3), samples
generally showed countaveragessignificantly different
following the two methodologies, higher counts
occurringwhen pre-incubation was used. Alsoduring
ripening, (Figure 4), was this observed, except after
158 days when count levels were low, which impaired
statistical interpretation. Thus, in a general way, the
methodology using injured-cell recovery made it
possible for larger bacterial counts to be made than
after the traditional methodology counts being
significantly higher when recovery percentages were
above 29.2%.

Thermal injury formation on E. coli at the
processing of this cheese happened when the
temperature reached levels of 50°C . Indeed,
DRAUGHON & NELSON (6)on comparing methods
of direct plating for recovery of thermally injured E.
coli cells, concluded that there was only significant
differences between thesc counts and those obtained
per selective media when cells were heated at 59°C .
This was not noted at 62°C and 69°C, possibly owing
to the strong lethal power of such temperatures, which
did not make it possible for sub-lethalinjury formation
to occur. Same was observed by SINGH et al. (16),
who, on studying the reactivationof thermally injured
E. coli cells in milk, verified that exposure to the
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temperature of 60°C for 10 minutes, did not make it
possible for the recovery in solid medium to be done.
This, however, occurred in whole orunskimmed milk,
in a period of 10 days.

Acidity was also accounted fordecrease in E. coli
counts from day 46. At this time the acidity level was
already high, and gradually increased, which
undoubtedly caused larger differences between the
counts after the two methodologies (Figure 4), and
largerpercentages of cells recovered by pre-incubation.
Thus the occurrence of £. coli injury during the
production of Parmesan cheese may be attributable,
besides other factors, to the thermal heating which
occurred at first steps {(cooking) and to acidity
development which begins to be observed from the
third day and is more strongly expressed after a more
advanced period in ripening (around 48 days), when
accllulardeathprocess starts, with consequentdecrease
in count per both methodologies.

In conclusion we can say that: a) thermal injury
occursinS. aureusand especially in E. coli atthe whey
removal phase at 50°C; b)counts of both microorganism
are higher in curd than in whey. ¢) S. aureus counts
remain stabilized at the onset of ripening and later
undergo large decreases; d) E. coli counts increase at
the onsetof ripening, stabilizes, and thendecreases; ¢)
methodologies employing recovery phase of stressed
cellsgenerally make it possible to obtain higher counts
than per traditional methodologies, both for £ coliand
for S. aureus; fyin S. aureus sublethal acid injury is
clearly observed around first month of ripening, a
phase in which acidity (above 0.7%) already stressed
the microorganism; g)in E. coli, sublethal acid injury
begins to be observed immediately after first days of
ripening process, atacidity levels lower (0.50%) than
is needed to cause stress on S. aureus.

RESUMO

Comportamentode Staphylococcus aureusede
Escherichia coli durante as fases de produgiio e de
estocagem do queijo parmesao.

Foi estudado o comportamento de S. aureus e de
E. colidurante as fases de produgido e de estocagemdo
queijo parmesdo. O produto foi preparado pela
tecnologia usual, tendo sido o leite, apds a
pasteurizagiio, inoculado comsS. aureus ATCC25923
ecomkE, coli ATCC25922 para fornecerconcentragoes
de aproximadamente 10% e 107 células/ml,
respectivamente. As pecas de queijo foram mantidas
a15x2°Cpor 130dias e posicriormente a21 +2°Caté
0200°dia. Parase avaliar a formacio de injirias, em
todas as amostras foram feitas contagens de S. aureus
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e de E. colipelas metodologias tradicionais e pelas que
empregam periodo de recuperagio de células
estressadas (15). 0 pH e a acidez foram sempre
determinados. O processo de maturagdo do queijo
parmesio provocou redugoes de quatro ciclos log nas
contagens de S. aureus. No caso de E. coli, ocorreu
multiplicacdo no inicio da maturagdo (cerca de um
ciclo log) havendo posteriormente estabilizagao e
decréscimo das contagens, que chegaram areduzirde
quatro a cinco ciclos log em relagdo ao inicio da
maturagdo. A injaria térmica ocorreu nos dois
microrganismos na fase de aquecimento da massa a
502C, especialmente em E. coli. A injiria dcida
subletal, em E.coli, comegou a ocorrer mais
rapidamente ¢ em menores concentragoes de acido
latico (0,50%) do que em S. aureus (0,70%), durante
a maturagao.

Palavras-chaves: S. aureus, E. coli, injiria
bacteriana, queijo parmesio.
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BEHAVIOUR OF STAPHYLOCOCCUS AUREUS AND OF ESCHERICHIA COLI AND INJURY
FORMATION DURING PRODUCTION AND STORAGE PHASES OF “PRATO” CHEESE

Celso Guimaraes Barbosa!
Paschoal Guimaraes Robbs?
Sonia Maria da Costa Raimundo®

SUMMARY

The behaviour of S. aureus_and of E. coli_duting production and storage of “Prato”
(Edam-like) cheese were studied. The product was prepared according to the usual procedure.
» . After pasteurization, the milk was inoculated with S.aureus FRI A-100 and E. coli ATCC

SR 25922 in concentrations corresponding to 10°and 107 cells/ml, respectively. The cheeses
R samples were kept at 12 + 2°C for 5 days followed by storage at 15 + 2°C up to the end of
experiment (98days). Inorderto assess cell injury, theS.aureusand E. coli counts were made
according to the traditional methodologies and those employing a period for recovery of
stressed-cells (19). Both pH and acidity were constantly determined. S.aureus counts
increased during the cheese manufacture, whereas E. coli remained practically constant.
However E. coli counts presented marked decrease since the onset of the ripening on curing
period, withacidity levels, corresponding to 0.60% and 0.70%. On the other hand, S.aureus
counts started to decrease after 21 days and corresponding acidity varying from 0.75% to
0.80%. At the end of three months ripening, the results indicated decrease in S. aurewus and
E. colicounts, corresponding to eight and seven to to cight logcycles, respectively. Sub-lethal
acid injury was more noticeable on E. coli than on S. aureus..

Key words: S. aureus, E. coli, bacterial injury, “Prato” cheese.

In cheese manufacture, raw milk, improperly
pasteurized milk and inadequate hygienic-sanitary
measures can result in microbial contamination,

INTRODUCTION

“Prato” cheese has a commercial expression

similar to that “Minas” cheese in Brazil. However,
due to a more standardized technique in its
manufacture, the former is better characterized
commercially. It’s a cheese having a semi-cooked
curd, pressed, with a minimum ripening period of
thirty days (14).

including Staphylococcus aureus and Escherichia
coli, thus representing danger to the public health.
The multiplicationof S. aureus priorto and during the
manufacture of various types of cheese, has caused
various intoxication outbreaks ( 5, 25). Also E. coli
specially has enterotoxigenic orenteroinvadingstrains,
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are reported to cause many serious outbreaks (17).

During “Prato” cheese ripening, a period
characterized by acidity increase, stress or acid cell
injury may be observed. ASSIS (1), studying cell
injury during the marketing period of “Minas” and
“muzzarela” type cheeses, observed the possibility of
S. aureus sub-lethal injury due to acidity.

This paper is part of the program in dairy
microbiology, with the objective of studying the
behaviourof S. aureus and E. coli, and their sub-lethal
injury development during the manufacture and
commercialization of “Prato” cheese.

MATERIALS AND METHODS

Cultures - S. aureus strain ATCC25923 and E.
coli ATCC 25922 were used. Stock cultures kept at
5%Conbiased nutrieatagar (Difco), were choppedinto
tubes containing lactose broth which, afterincubation
at35x 1°Ctor 12 hours, werc transferred to Erlenmeyer
vials containing same medium. These were keptunder
blending at 180 rpm at 35 x 1°C for 12 hours and
cooled at 5°C for two hours. Cells were then
centrifugated and washed three times in saline solution
at0.85% at 6000 rpm, on an EXCELSA 2 centrifuge
(FANEM). Afterlastwashing, cellswere re-suspended
in 50 ml peptonated water at 0.1%, optical density
being read on spectrophotometer SPECTRONIC 20
(BAUSCH-L.OMB), at 570nm. Along with this,
number of viable microorganisms from suspensions
was determined by counting on plates, on Baird-
Parkeragar (BP-Merck agar), forS. aureus, and violet
red bile agar (VRBA-Merck) for E. coli. On relating
the absorbance measure of suspension and the number
of viable microorganisms fromit, afactorwas obtained
which was used to inoculate the pre-determined cell
count into the samples.

Cheese manufacture - The cheese were
manufactured in a small dairy plant. After
pasteurization (72°C for 15 s) and cooling (322C), the
milk was inoculated with 1.5% lactic cultures
(Streptococcus lactis and Streptococcus cremoris)
and viable suspensions of S. aureus and of E. coli, in
suchvolunies as to obtain concentrations correspondent
to 10%and 107 cells/ml of milk respectively; rennet
(0.0025%), calcium chloride (25 g/100 | miik), and
annato (0.008%}). The traditional procedure for “Prato”
cheese manufacture was followed with salting (2%)
before full whey removal. The cheese obtained (nine
two-kilo picces) were initially stored inripening room
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at 12 * 29C for five days and then transfered to 2
B.O.D.(FANEM)at 15+ 2°Ctiil the end of experiment
(98 days).

Analysis - Physico-chemical and microbiological
analysis carried out during cheese manufacture and
throughout the ripening period. Samples were taken
after milk inoculation with the bacterial suspension
(zcro time) ;after sctting (40 minutes); after cooking
the curd (60 minutes); at the beginning of the
prepressing (80 minutes); and at1,2,3,4,5,9,13,17,
21, 28,35, 42,49, 56,63,70,77, 84, 91, and 98 days
of curing.

The samples obtained during cheese manufacture
were collected in sterilized glass vials, keptinanice-
water bath, and analyzed within a period of one hour.
For the obtention of cheese aliquots on following
phases, cross-sections cuts were made on the pieces
after the elimination of the surface layer. The exposed
surfaces were lined with sterilized “vaspar” (vaseline
and paraffin, 1:1).

Physico-chemical - pH and acidity
determination. Both pHand acidity were determined
in triplicate, according to the methodology of the
Handbook on Physico-Chemical Methods from the
Animal Reference National Laboratory (LANARA),
Ministry of Agriculture (3). pH was measured on a
pHmeter CG711 (SCHOTT MAINZ) ;on liquid
samples, readings were made directly, while on
cheese samples 5g were previously homogenized in
50mldistilled water prior to mensuration. For acidity
analysis, cheese samples were macerated in avial and
subjected to previous extraction with ethylic alcohol
p.a.at95% (neutralized) for 24 hours. After filtration,
it wastrited witha NaOH solution0.1N, acidity being
expressed in lactic acid (%w/w).

Microbiological analysis - The routine
microbiological analysis were carried out according to
the procedures of the LANARA (4). The recovery of
injured cells was assessed according to American
Public Health Association (APHA) (15, 19).

For the analysis of S. aureus after the traditional

- methodology, 25g aliquots were employed which

were homogeneized for two minutes in 225mli
peptonated waterat0.1%, inasterilized blender cup.
From such suspensions (1:10) decimal dilutions were
made in peptonated water at 0.1% which were
inoculated (0.1 ml from each dilution with eight
replications) following the surface plate method, on
Petri plates containing Baird-Parkeragar. These were
incubated at 37 = 1°C and read after 24 and 48 hours.
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On the technique using recovery of injured cells of S.
aureus, 25 g cheese aliquots were homogeneized as
previously described, however, in 225 ml cascin-
peptone soy meal-peptone broth (CASOY-Merck
broth), and incubated at 35 + 1°C for two hours.
Afterwards, decimal dilutions, inoculations and
incubations were made following descriptions of the
traditional methodology.

On the analysis of E. coli by the traditional
methodology, samples and decimal dilutions were
preparcd asseen previously on the traditional analysis
of S. aureus. Afterwards, 0.01 ml aliquots from each
dilution (eight replications) were inoculated, following
the surface plate method, on Petri plates containing
violet red bile agar. Incubation was made in an oven
at 35 * 1°C for 24 hours. In the technique using the
recovery of injured E. coli cells, decimal dilutions of
samples mentioned in previous item were inoculated
by the surface plate method, on plates containing a
thin layer (approx. 5 ml) of casein-peptone soymeal-
peptone agar (CASOY-Merck agar). After incubation
at 35 + 1°C for two hours, plates were overlaid with
approximately 15 ml violet red bile agar and incubated
inanovenat35 x 1°Cfor 24 hours, whencharacteristic
colony counts were made.

Experimental design and the statistical analyses
- Essays were designated taking into consideration an
cntirely randomized design, withtwo factors (employed
methodology and assessment periods) and four
replications per treatment. For the assessment of
resuits from microbiological counts, values thereof
were analyzed by Fisher-Snedecor’s F test and the
Tukey's test, both at 5% significance level (22). For
percent calculations of non-detected cells, the
mathematical equation described by RAY (18) was
used.

RESULTS AND DISCUSSIONS

Behaviour of S. aureus - The results of pH,
acidity and of S. aureus counts using both
methodologies during the manufacture and curingare
shownin Figures 1 and 2. Itindicated in Figure 1 that
S. aureus counts during processingincreased and that
counts in the curd were larger than in whey. MINOR
& MARTH (12), reported that Colby cheese, produced
from crude milk inoculated with S. qureus showed
counts 13 to 32 times higher than the whey.

Itwasalso observed thatinFigure 1 there occurred
an increase from 4.0 x 10° cfu/g (inoculated milk) to
3.3x10% cfu/g during setting (40 minutes) and from
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8.8x10% cfu/g (60 minutes) to 3.3x107 cfu/g in the curd
(80 minutes), indicating a gradual population increase
inthe curd, prompted by either bacterial multiplication
orthe physical retention of cells during syncresis. The
bacterial multiplication during the initial phases of
Cheddar cheese manufacture was already observed by
TATINI et al. (23), as being last, followed by a slow
increase inS. aureus counts during pressing, to extent
of 6 to 12 times the initial count. They also concluded
that an increase of approximately 10 times, was a
result of the physical retention of cells. MINOR &
MARTH (12), working with Cheddar cheese, report
15 to 45- fold increases in staphylococci counts in
cooked curd in relation to milk. It was observed that for
“Prato” cheese (Figure 1), suchincreases corresponded
to approximately two log cycles, thus being much
largerthan those observed for Cheddarcheese. Figures
1 and 2 also indicated an increase in S. aureus count
from 3.3 x 10°cfu/gin the curd at the momentof whey
removal, upto 9.6x107 inthe cheese withone day. The
rapid multiplication of S. aureus in “Minas” cheese
whey, which is not cooked (34 - 36°C) was observed
by SANTOS & GENIGEORGIS (20).

Log number CFU/g pH Acidity % latic acid 070

10 s

S — \ 6,60
8

0,50
6 - 0,40
4 - 0,30
i’ 9,20
2118 0,10
0 } f 0,00

0 40 60 80

Production phases (ninutes) *

[CIWhey (A) E3Whey (B) — pH
EICurd (A) BEBCurd (B) ==Acidity

FIGURE I - Behaviour of $. aurcus population in inoculated
"Prato"cheese (= 10° S, aureus cells/ml milk and = 107 E, coli cells/
ml milk), as assessed by the traditional methodology (A) and by the
methodology employing stressed-cell recovery (B); of pH and
acidity during production phases.
(*) 0 min: inoculation of bacterial suspension (33°C)

40 min: milk clotting (34°C)

60 min: curd heating (41°C)

80 min: begining of prepressing (38°C)
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FIGURE 2 - Bchaviour of_S. aureus population in inoculated
"Prato"cheese (& 10°S, aureus cells/ml milk and = 107 . coli cells/ml
milk), as assessed by the traditional methodology (- o - ) and by the
methodology employing stressed-cell recovery (- *-);of pH (- +-)
and acidity (- A - ) during ripening.

These authots found increases of approximately
four log cycles, with S. aureus domination in the
microbiota present in the first four hours, when the
initial inoculation was 10° cells/m]. OTEROctal. (16)
working with Burgos cheese verified that, with an S.
aureus inoculum corresponding to 103 or 105 cells/ml,
the multiplication increased one log cycle in the first
day after manufacture.

The S. aureus counts kept practically constant
from the first to 21 days ripening, when the acidity
reached 0.76% lactic acid and the pH 5.1. After this
period of curing a progressive reduction was observed
till the end of the experiment.

The acidity resulting from the production of lactic
acid by lactic bacteria is essential to control S. qureus
in cheese. ASSIS (1), working with “Minas” and
“Muzzarela” cheeses, observed asignificant decrease
in S. aureus counts when the cheese acidity reached
0.50 and 0.80%, respectively in “Minas” and
“Muzzarela”. She also observed S. aureus growth
between these acidities were reached. DELAZARI et
al. (6) also found growth of S. aureus in “Minas”
cheese, mostly during the first days of curing._S.
aureus growth during the first days of curing was also
observed by SILVA (21) and ASSIS (1) in “Minas”
cheese, and also in “Muzzarela” by ASSIS. (1). A
similar behaviour was also observed in Burgos type
cheese by NUNEZetal. (13);S. aureusgrowthoccurred
during the first day following manufacture , kept
stable upto the third day at 15°C; followed by a gradual
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decrease till the seventh day. Therefore, acid
concentration is critical and if a certain value is not
rcached, the potential risk resulting from the presence
of S. aureus is increased. This was also found by
ZEHREN & ZEHREN (25) on Cheddar cheese and by
TATINI et alli (23) on Cheddar and Colby cheeses.

Behaviour of E. coli - The results of pH, acidity,
and of E. coli counts using both methodologies during
manufacture and curing, are shown in Figures 3 and
4. It was indicated in Figure 3 that E. coli counts
during manufacture kept practically constant and that
the curd showed higher counts than the whey. It was
also observed thatthe E. colicountsinthe first day wee
closer 1o those of the inoculated milk. The E. coli
counts decreased gradually from the first day of
manufacture to total absence after 98 days of curing as
shown in Figure 4; thus resulting ina decrease higher
than seven log cycles. BARBOSA (2) working with
Parmesan type cheese observed asmall increase during
the first days of manufacture, followed by a slower
decrease, that corresponded to five log cycles till the
end of ripening and that the velocity of acidity
production undoubtedly slower had influence on this
result.

Log number CFU/g pH Acidity % latic acid
10 208 er /g p y 0,70

0,30
0,20

0,10

0 T T
0 40 60

0,00

Production phases (minutes) ¥

CIWhey (A) E3Whey (B) — pH
ECurd (A) BRCurd (B) ==Acidity

FIGURE 3 - Behaviour of E. coli population in inoculated
"Prato"cheese (= 10° S. aureus cefls/m) milk and = 107 E. coli cells/
mi milk), as assessed by the traditional methodology (A) and by the
methodology employing stressed-cell recovery (I3); of pH and
acidity during production phases.
(*) 0 min: inocilation of bacterial suspension (33°C)

40 min: milk clotting (34°C)

60 min: curd heating (41°C)

80 min: begining of prepressing (38°C)

121




Barbosa, C.GG. etal

8 X {200 d
b

%\‘ J ;

M

G\G\e s - .

11,50

i oo
TR \k'x/J(' -l\+_\k/t——l~-i~}/*\— }

o

mNCma mec8z8 Wor

4 1,00 ¢

t

1

A A/Ar.»&ﬁ,l_\ X s

~ 2k 0,50

[

P i

H d
oL SIS SO TU U S S SR N T N DU

Il L 0,00
P2 3 4 5 9 131721283542495663 7077 849198
Ripening time (days)
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employing stressed-cell recovery (- *-); of pH (- +-) and acidity
(- A - ) during ripening.

KORNACKI & MARTH (11) working with a
cheese similar to Colby, showed that an inoculum
corresponding to approximately 10*E. colicells/miof
milk gave origin to a product having more than 108 E.
coli/gaftermanufacture and a gradual decrease during
the ripening period. The survival of enteropathogenic
E. coli in Cammembert cheese and in salted cheese
similar to Colby inawork carried outby FRANK et al.
(9, 10), indicated higher inhibition of E. coli in
Cammembert cheese, and absence after 6 weeks of
curing.

The interaction between E. coli and
homofermentative lactic cultures were studied by
FRANK & MARTH (8). They verified that all E. coli
strainsinoculated insterilized milk were more inhibited
in their growth when 2% lactic culture followed by
storage at 21°C.

Process-injury ofmicroorganisms - The process-
injury during the 80 minutes, shown in Figure 1,
indicated a significative difference inS. aureus counts
betweenthe two methodologies applied. Largercounts
were obtained when recovery of the injured cells was
used, pre-incubation the samples for two hours at 35°C
inliquid medium. Duringthe 98 daysripening period,
asshown inFigure 2, thisdifference was also observed.
Therefore it was concluded that the injured-cell
recovery method resulted in higher S. aureus counts
(23.1%) than did the traditional one.

The development of acid injury on S, aureus cells
was studied by EL-BANNA & HURST (7), at pH
between 4.0 and 4.5 in the presence of lactic acid.
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ZAYAITZ & LEDFORD (24), also studying the effect
ofacid-injury of S. aureus observed a difference of, at
least, 25% between counts on non-selective medium
(tripticase soy agar - TSA), and selective medium
(TSA+NaCl), evidencing injury of S. aureus probably
increased after acidity reached values of 0.70%. This
was also observed by BARBOSA (2) in working with
yogurt and by ASSIS (1), in working with “Minas”
and “Muzzarela” cheeses, when the acidity
corresponded to 0.50 and 0.80%, respectively. Greater
cell recovery is observed with 28 days of ripening,
when the acidity is high, characterizing the presence
of stressed cells.

During the manufacture and ripening of “Prato”
checse as shown in Figures 3 and 4, the E. coli counts
were significantly higher when pre-incubation was
used; except in the first day and after 21 days of
ripening when the count levels were low. Thus, with
the methodology employing the recovery of injured
cellsitis possible to obtain larger counts than with the
traditional methodology, from the second day till the
end of the ripening period when the recovery
percentages were above 64.2%. The concentration of
lactic acid {0.71%) in “Prato” cheese during
manufacture (firstday) was already sufficient to bring
about a stressing action, which can be noted from the
second day onwards, besides the gradual and steady
drop in counts till the end of ripening. Thus, the
occurrence of injury of E. coli during “Prato “ cheese
manufacturc may be ascribed, among others factors,
to acidity development, that starts immediately after
manufacture and becomes more intense with ripening
(21 days). The cell death process, however, occurs
from the onset of ripening , being characterized by
decrease in counts independently of the enumerating
method applied.

This study indicated that the population of S.
aureus and E. coli is larger in the curd than in the
whey, the population of S. aureus_increases during
manufacture, whereas of the £. coli remains practically
constant. The population of S, aureus remains constant
duringthe firstdays of ripening and then decreases till
the end of this process. The populationof E. coli begins
to decrease during the first days of ripening. The pre-
incubation methodology increased the enumeration of
E. coli and of S. aureus over the traditional method,
indicating the presence of injured cells. The S. aureus
sub-lethal acid injury becomes clear during the third
and fourthweeks of ripening, where the acidity (above
0.80%) stresses the microorganisms, while the same
clfecton E. coli starts immediately on the first days of
ripening, with lower acidity (0.60%).
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RESUMO

Comportamentode Staphylococcus aureuse de
scherichia coli durante as fases de producio e de
estocagem do queijo prato.

Estudou-se o comportamento de S. aureusede E.
coli durante a produgio e cura do queijo prato. O
produto foi obtido segundo a tecnologia usual, a partir
do leite pasteurizado, inoculado comS. aureus FRIA-
100 ¢ E. coli ATCC 25922 em niimero corespondente
a, aproximadamente, 10% ¢ 107 células/ml,
respectivamente. Os queijos foram mantidos a 12
2°C por cinco dias e posteriormente a 15 £ 2°C até o
final do experimento (98 dias ). Para se avaliar a
possibilidade de injlirias, a enumeracgio de S. aureus
ede E. coli foram feitas de acordo com a metodologia
tradicional, além da que emprega a recuperagiio de
células estressadas, segundo RAY & ADAMS JR.
(19). As populagdes de S. aureus aumentaram nas
fases iniciais de obtencdo do queijo, enquanto asde E.
coli permancceram praticamente constantes. As
populagoes de E. coli sofreram grandes redugdes a
pattir do inicio do periodo de maturagio, quando a
acidez ja correspondia a 0.60%-0.70%, enquanto as
deS. aureusji comegarama reduzira partirdo 21%dia,
comumaacidezdaordemde,75% a0, 80%. No final
de (rés meses de maturagdo, ocorreu redugdes
correspondentes a oito ciclos log nas populacdesde S.
aureus ¢ de sete a oito ciclos nas de E. coli. A injiria
dcida subletal manifestou-sc mais cedo quando se
tratava de E. coli.

Palavras-chave: S.aureus, E.coli, injliriabacleriana,
queijo prato.
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QUANTIFICATION AND BEHAVIORAL CHARACTERIZATION OF BACILLUS CEREUS IN
FORMULATED INFANT FOODS. I - GENERATION TIME#*

Sonia Maria da Silval
Leon Rabinovitch»2
Paschoal Guimaraes Robbs3

SUMMARY

The ability of Bacillus cereus to grow in three different types of reconstituted formulated
food, and the growth rates of the bacterium in cach food, were investigated. The foods tested
were: caramel-flavored porridge, chocolate-flavored porridge and bean soup with noodles, all
of which are commonly served in public institutions.

Generation times (gt) were measured at 25°C , and 45°C, both for B. cereus that were
naturally present in the products and for B. cereus that had been inoculated in the form of B.
cereus NCTC2599 spores into sterilized and unsterilized food. The gt values were calculated
from growth curves obtained by counting colony formationunits (CFU) on selective indicator-
agar medium (MYP).

Intrinsic microflora were not observed to have an deleterious effect on the growth of B.
cereus NCTC 2599 in any of the experiments at the indicated temperatures.

Inexperiments using both caramel and chocolate-flavored porridge , naturally occurring
B. cereus displayed similar characteristic to B. cereus that were inoculated, and where
incubation temperatures were found to have a significant effect on growth rates: mean
generation times of 54.20, 31.30 and 56.00 minutes were recorded at temperatures of 25°C,
35°Cand 45°C, respectively.

Our results demonstrate that B. cereus is able to multiply rapidly in all three foods,
especially inbean soup with noodles, at temperatures around 35°C, in the presence or absence
of indigenous microorganisms.

We conclude that care should be taken to observe basic hygiene practices during the
preparation (rehydration) and consumption of these products, especially with regard to storage

times and temperatures.

Key words: B. cereus, spores, food microbiology, generation time.,

INTRODUCTION
Bacillus cereus has been well characterized as a
significant causative agent of food-related illness in
humans (9,12, 14, 18,20). The literature also states
that several distinct clinical forms of gastroenteritis

1. Faculdade de Farmdcia da Universidade Federal Fluminense,
Rua Dr. Mdrio Vianna 523,Niterdi, RJ 24240, Brasil.
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can result from the ingestion of foods contaminated
with this bacterium (7, 8, 13). Two different syn-
dromes have been observed. The diarrheic syndrome
occurs 8to 12 hours after ingestion of proteinaceous or
vegetable foods, of puddings and of milk desserts; it is
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characterized by abdominal pain, heavy diarrhea,
rectalcramps, and occasionally nausea and vomiting
(7, 8,24), with the symptoms usually lasting 12 to 24
hours (6). The emetic syndrome, on the other hand, is
associated exclusively with foods containing flour or
starch - in particular, boiled rice and is characterized
by a rapid onset of clinical symptomatology within 1
- 5 hours, with nauseca, vomiting and queasiness,
followed in certain cases by diarrhea lasting 6 - 24
hours (7, 8, 16, 17).

Delazari etal (2) investigated 805 different samiples
ofdehydrated food, including flours, soups, whole and
skimmed milk, and enriched soya-based mixtures,
and found that 44.4% of the contaminated samples
contained between 10*CFU/g and 10°CFU/g  of B.
cereus. In the enriched mixtures 98.5% of the food
samples displayed bacterial counts of between 10°CFUJg
and 10°CFU/g . Subsequently, Blakey and Priest (1)
demonstrated that this bacterium also occurs naturally
in beans and lentils: when these products were incu-
bated for 48 hours in sterile distilled water, B. cereus
populations were observed to reach concentrations of
over 10°CFU/gat37°C, and over 103CFU/g at 22°C.
Meanwhile, Garcia et al (4) detected 2.6 x 107CFU/g
of B. cereus in a dehydrated food made rice, soya and
banana rehydrated with milk and incubated for 12
hours at 23°C = 2°C. At 7°C, however, these authors
detected no signs of bacterial growth.

McKnight et al (15) assessed the frequency of B.
cereus in pastamade with and without eggs, and found
contaminationrates, respectively, of 58.3% and 87.5%,
with a mean 0f 70.9%. B. cereus contamination levels
were variable, with 52.1% of the samples displaying
populations of between 10 CFU/gand 10>°CFU/g, and
20.1% between 102CFU/g and 103CFU/g.

B. cereus can be commonly detected in unproc-
essed  agricultural products that are subsequently
transformed into formulated foods; the latter fre-
quently contain ingredients such as starchy materials,
powdered milk, cereals and pulses. For this reason, the
suppliers of unprocessed agricultural products must be
constantly monitored in order to ensure that adequate
standards are maintained for dehydrated foods served
in public institutions; indecd, strict rules defining
standards and control methods relating to B. cereus
alrcady exist. As for the retail trade, the Brazilian
Ministry of Health (resolution no. 13/78) stipulates
maximum allowable limits for B. cereus inavariety of
foods, especially those containing starch.

For the most part, B. cereus is present in such
foods in the form of spores, which are resistant to heat
during cooking and which subsequently germinate as
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the foods cool. Since these foods act as an excellent
culture medivm, storage times and temperatures play
a vital role in determining the risks associated with
their consumption. Of particular concern are foods
served in nurseries or schools and foods given to
pregnant or nursing mothers. Failure to observe cor-
rect procedures with regard to storage times and
temperaturescaneasily resultindangerous concentra-
tions of bacteria.

In the present investigation, it was establish the
potential risks associated with B. cereus contamina-
tion level in products usually served in public institu-
tions. Behavioral studies of naturally occurring and
inoculated B. cereus were also done and were carried
out at various storage temperatures, using reconsti-
tuted formulated foods.

MATERIALS AND METHODS

Food-samples. Three types ol sample, allof them
dehydrated foods produced for the FAE (Foundation
for the Assistance of Schoolchildren), were used:
caramel-flavored porridge, chocolate-flavored por-
ridge and bean soup with noodles.

Microorganism. B. cereus NCTC 2599, in the
form of spores preserved in sterile distilled water and
treated at 10O°CFU/ml, were used. The suspension was
stored in the refrigerator (3°C + 1°C).

Methodology for the study of B. cereus develop-
ment in foods. Onthe basic of the instructions printed
onthefood-labels, it was decided thataqueous suspen-
sions containing 157 g (equivalent to four soup -
spoons)of dehydrated food per 1000 ml should be used
throughout. The quantity by weight of dehydrated food
was cstablished by taking the average weight of one
hundred samples each containing four label-recom-
mended soup spoons of food. Each type of food was
submitted to three different experiments, with each
experimentusingsix 100 ml servings of the rehydrated
product aseptically distributed in six 250 mi {lasks
with screw lids. In the first experiment, the product
was prepared for consumption without further inter-
vention; in the second, B. cereus spores were inocu-
lated into the prepared food at a concentration of 10?
spores/g; and in the third, the prepared food was
sterilized Erior to the inoculation of bacterial spores
(again, 10° spores/g).

In all three experiments, two flasks of each prod-
uct were at least incubated at 25°C, two at 35°C, and
two at 45°C. At time zero, one of each two flasks was
placed inthe refrigerator while the other wasimmedi-
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ately incubated at the set temperature. After 12 hours,
all remainder flasks in the refrigerator were removed
and also incubated at the set temperature. Samples of
1 mlof all flasks were taken after 0,3, 6,9, 12, 15, 18,
21 and 24 hours, and (with the exception of the O-hour
and 3-hour samples) 10-fold scrial dilutions in phos-
phate bufferat pH 7.0 were prepared (23). Aliquots of
0.1 ml taken from the serially diluted samples were
plated out on phenol red/mannitol/ egg-yolk/poly-
myxin/agar (MYP), as described by Mossel at al (20).
The plates were incubated at 35°C, and counts were
taken at 12 and 48 hours.

Characterization of B. cereus - Vegetative cell
dimensions - B. cereus are large - celled (> 1 pm
width), therefore measurements of vegetative cells
were carried out under an optical microscope using
suspensions in sterile saline solution taken from cul-
tures grown for 16 - 18 hours at 35°C in nutrient agar,
The length and width of ten vegelative cells were
measured foreachslide culture. Cell dimensions were
computed, as the average of the various measurements
taken, The presence of para-sporal-body, normaly
found in B. thuringiensis but notin B. cereus, was also
searched by this procedure.

Morphology and position of spores. Suspen-
sions (insterile saline solution) of the culturesisolated
as strains of B. cereus were examined periodically
under optical microscopy (phase-contrast 2.000 x
magnification). The bacteria were grown in soil-
extract agar (AES) (11) at 35°C for 5 days (time of
maximum sporulation). Para-sporal-body were also
searched by this way.

Mortality tests. Cultures were grown in nutrient
broth containing glucose 0,5% at 35°C, for 16 - 18
hours, prior to insertion of a single drop between a
slide and a coverslip for observation using phase-
contrast microscopy.

Biochemical and physiological tests. The fol-
lowing attributes were tested: carbohydrate fermenta-
tion (glucose, arabinose, xylose, trehalose and manni-
tol); anaerobic growth; acetyl-methyl-carbinol pro-
duction; methyl red reaction; tyrosine decomposition;
hydrolysis of gelatin; indol production; nitrate reduc-
tion; deamination of phenylalanine; growth in 7%
sodium chloride; breakdown of cascin; utilization of
sodium citrate; hydrolysis of starch; hemolysin pro-
duction. All cultures were incubated at 35°C (5, 11,
21).

Determination of generation times (gt). Counts
of the B. cereus colonies plated on MYP agar were
carried outevery 3 hours atall incubation temperature.
On the basis of these counts, it was possible to derive
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a graph showing bacterial population increases in the
threc foodsunderstudy. The specific rate of growth ()
was calculated for each experiment from the onset of
the exponential growth phase onwards. With the latter
defined graphically as occurring when there was an
exactintersection of points x, with t, and x, with t,the
valueof x was defined asthe logof the numberof CFUSs
in o of the food suspension, and tas the time inhours.

Finally, the known cquation - AlnX - was used,
At
with the value of u providing the means to calculate

individual generation time using the formula gl= In2
(min). u

Maintenance of isolated B. cereus samples.
Spore samples were maintained in AES medium (11)
in the refrigerator.

RESULTS AND DISCUSSION

Growth of B. cereus in bean soup with noodles.
Two different situations were investigated: a) when
the bacterium was naturally present, and b) when it
was inoculated inlo the food following sterilization.
As can be scen in Table 1, in the three experiments
carried out without prior sterilization of the food, the
gt was always shorter at 45°C than at 25°C.

TABLE 1. Generation times (min) during the exponential growth
phase of B. cereus NCTC 2599 following inoculation of this bacte-

rium into rehydrated soup, with and without sterilization.

Food  Experiment Incubation Temperature

Ne, 2520 35°C 45°C

Bean 19a 59.37 44.40 26.36

Soup 21a 62.54 54.31 36.53
with

noodles 23a 57.33 35.59 41.32

18b 60.23 37.53 26.13

20b 43.56 26.20 22.19

22b 62.20 47.45 36.30

Mean 57.54 41.31 31.47

a - without sterilization
b - with sterilization
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The gtvalues ranged from43.56 min to 62.54 min
at 25°C, from 26.20 min to 54.31 min at 35°C, and
from 22.19 to 41.32 min at 45°C. Average gt values
were 57.54 min at 25°C, 41.31 min at 35°C and 31.47
min at 45°C. To establish a minimum significant
difference for these averages, they were submitted to
the Tukey. test at the 5% level (26). The minimum
significantdifference (m.s.d.)was 13.34 min, indicat-
ing that there was no significant difference in the gt
values obtained at 35°C and 45°C. However, at 25°C
the gt was significantly greaterthan at 35°Cand 45°C.
Thus, for this food product, temperatures between
35°Cand 45°C-equivalent, in practice, to a tempera-
ture range between lukewarm and barely touchable
(45 - 47°C) were found to pose a considerable hazard,
since they allow intense multiplication of B. cereus
(19).

Growth of naturally ocurring or artificiaily
added B. cereus in chocolate and caramel-flavored
porridges. Comparing the gt values obtained at the
three different experimental temperatures (Table 2), it
canbe seenthatlowest gt values occurred at 35°C, with
a range of 23.21 min to 43.04 min. At 25°C, the gt
values varied between 46.38 and 60.00 min. At45°C,
meanwhile, the gt values ranged between 38.20 min
and 68.07 min, except for one experiment (no.3) in
which the gt value was considerably higher (125 min)
thanin the rest. Morita & Woodburn (19) also encoun-
tered adisproportionaly high gt value (152) whenthey
added vitamins of the B-complex to rice incubated at
23°C, following inoculation of B. cereus strains B-
4AC and 158/73.

On the basis of the gt values shown in this table,
the following averages were calculated for the three
different temperatures: 25°C = 54.20 min; 35°C =
31.30 min; and 45°C = 56.04 min.

Statistical analysis of these averages, using the
Tukey 5% test (26) showed that there was no signifi-
cant difference between the results obtained at 25°C
and at 45°C. However, the difference at 35°C was
significant, with considerably lower gt values than at
other temperatures. Thus, with this group of products
(porridges), the behavior of B. cereus is different to
that exhibited with bean soup. In the former, 35°Cis
the temperature that best favors bacterial growth; in
thelatter, however, growth is favored as much at45°C
as at 35°C.
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TABLE 2 - Generation times (min) during the exponential growth
phase of naturally occurring B. cerens and inoculated NCTC 2599
in chocolate and caramel-flavored porridges ( see Material and
Methods).

Incubation Temperature

Food Exps;?gmem

: 25°C 35°C 45°C
Chocolate 3n 58.14 28.10 125.00
flavored 6n 52.00 25.26 48.56

porridge
Caramel 9n 50.20 37.00 38.20

flavored

porridge
Chocolate 2i 56.55 3548 48.28
flavored 5i 46.38 43.04 40.00
porridge 7i 57.33 33.56 68.07
Caramel 11i 60.00 23.21 63.51
flavored 12i 54.31 32.50 43.36
porridge 15i 50.20 27.16 41.59
17i 53.32 24.14 44,20
Mean 54.20 31.30 56.04

i = inoculated

n = naturally occurring

Growth of B. cereus in sterilized and
unsterilized chocolate and caramel-flavored por-
ridge. The gt values recorded in the exponential
growth phase of B. cereus strain NCTC 2599, follow-
inginoculation of this bacterium  into porridge with
and without prior sterilization, are shown in Table 3.
The lowest gt values was observed at 35°C,ina range of
2321 minto 43.04 min; at 25°C, the range was 37.33 to
68.07 min; and at 45°C, 28.10 min to 68.07 min.

The average gt values for each temperature were:
25°C = 54.33 min; 35°C = 29.01 min; and 45°C =
49.01 min.

Statistical analysis of these average values showed
that there was no significantdifference between incu-
bationat 25°Cand 45°C. At35°C,however, the differ-
encew significant. In addition, naturally occurring
microorganisms had no effect on the growth of B.
cereus, since at any given temperature no difference
arose as a result of sterilization or the lack of it.
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TABLE 3 - Generation times (min) during the exponential growth
phaseof B, cereus NCTC 2599 following inoculation into recontituted
porridges, with and without sterilization.

Experiment Incubation Temperature

Food
Ne, 25°C 35°C 45C
Chocolate 2a 56.55 25.48 48.28
flavored Sa 46.38 43.04 40.00
porridge 7Ta 57.33 33.56 68.07
Caramel 11a 60.00 23.21 63.51
flavored 12a 54.31 32.50 43.36
porridge 15a 50.20 27.16 41.59
Chocolate 1b 37.33 28.10 30.58
flavored 4b 50.49 38.27 42.21
porridge 8b 40.28 30.31 33.02
Caramel 10b 58.00 27.20 28.10
flavoured 13b 68.07 26.20 64.55
porridge 14b 59.20 25.27 62.04
Mean 54.33 29.01 49.01

a - without sterilization
b - with sterilization

The microbiological quality of all formulated
foods-includinginfantproducts - varies dependingon
the temperature at which the food is kept following
preparation (2,3,21). The numberof B. cereus present
in the product can pose risks to health if populations
exceed 106CFU/ml and if the product is kept at
inadequate temperatures, i.e. below 55°C, according
to Goepfert (10). Inourexperiments, generation times
were generally found to vary between 22.19 min and
68.07 min, depending on the temperature and on the
type of product. McKnight et al (15), meanwhile,
recorded average gt values of 45.9 min at 30°C for B.
cereus in cooked noodles. Clearly, then, it is easily
possible for a population increase of one logarithmic
cycle to occur within 1-1.5 hours, which means that it
is essential to maintain adequate temperatures when
keeping these kinds of food warm.

With regard to the initial levels of B. cereusinthe
school tested in our investigation (dried soup and
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porridge), it was apparent that these foods had been
manufactured under properly controlled conditions
and that B. cereuslevels were therefore generally low.
This is clear from the low incidence of bacteria
detected inthe initial phases of our experiments (< 10%
UFC/ml). Nonetheless, when soup and porridge are
distributed for consumption, problems can occur if
they have been prepared, and then kept warm or
stored, under conditions of inadequate hygiene. Poorly
washed pans, ladles and other instruments can act as
sources of B. cereus and thereby increase initial
bacterial levels. Risks to health may be further com-
pounded by inadequate control over storage times and
temperatures, leading to an outbreak of illness (or an
isolated case). The present investigation demonstrated
that B. cereus can multiply rapidly in the three prod-
ucts tested, especially at temperatures ranging be-
tween 35°C and 45°C, whether or not the product
initially contains nmicro organisms. It should be em-
phasized that the same observation can be applied to
many otherfoods consumed ina typical Brazilian diet.

However, the crucial point with regard to the
foods tested in our study is that they are produced for
children, and therefore special care should be taken
both in the production of these dried foods and intheir
subsequent preparation and storage as rehydrated
food.

Thus, given that population increases of one log
cycle can occur within an hour and a half (gt X = 30
min), if the initial population of B. cereus in soup
(after rehydration) is 102CFU/ml, it would only take
about 6 hours at 35°C - 45°C for the population to
reach 105CFU/ml. This times-period would decrease
to4.5 hours or 3.0 hours if the initial bacterial concen-
tration was 10°CFU/ml or 10*CFU/ml, respectively. It
would therefore appear that the Brazilian present
standard for infant foods (10°CFU/g of dehydrated
food)is adequate and safe, since only in the event of a
serious lapse in hygiene during preparation and distri-
bution could B. cereus concentrations reach danger-
ous levels.

RESUMO

Crescimento de Bacillus cereus em alimentos
infantis.

Foi avaliada a possibilidade do desenvolvimento,
bem como a velocidade de crescimento do Bacillus
cereusemtrés alimentos formulados reconstituidos, a
saber: mingaus sabores caramelo e chocolate, e sopa
defeijao com macarrdo. Tais produtos sdo distribuidos
em programas institucionais.
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Foram delerminados os tempos de geracio (Ig)
nas temperaturas 25°C, 35°C e 45°C, tanto dc B.
cereus naturalmente presentes nos produtos, quanto
deesporosde B. cereus NCTC2599 inoculados nestes
alimentos previamente esterilizados ou nido. As
detcrminagGes dos tg, foram feitas a partir das curvas
de crescimento obtidas por contagens de unidades
formadoras de colonias (UFC) suspeitas, crescidasem
meio seletivo-indicador (MYP).

Nio foi observada, em nenhum experimento, a
influéncia da microbiota natural dos produtos sobre o
crescimento do B. cereus amostra tipo NCTC 2599,
nas temperaturas estudadas. Nos mingaus sabores
caramelo e chocolate, o B. cereus nativo e o inoculado
tiveram comportamento bastante préximos, quando a
temiperatura de incubagdo teve uma grande influéncia
sobre a multiplicagio, sendo verificado a 25°Cum ig
médio de 54,20 min, 2 35°Cde 31,30 mineca 45°C
de 56,00 min.

Osresultados demonstram que 0 B, cereuspode se
multiplicar rapidamente nos trés alimentos
especialmente na sopa de feijao com macarrdo, na
faixa de 35°C - 45°C, na presenca ou auséncia da
microbiota natural. Assim, devem ser tomados os
cuidados higiénicos-sanitarios bisicosdurante as fases
de preparo (reidratagio) e consumo dos produtos,
especialmente os relativos a temperatura de
manutencido ¢ tempo de estocagem.

Palavras-chaves: B. cereis, esporos, microbiologia
de alimentos, tempo de geragio .
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CELL WALLS PROTEINS AND THEIRINVOLVEMENT IN THE FLOCCULATION OF
PICHIA STIPITIS

Nei Pereira Jr.!
John D. Bu’Lock?

SUMMARY

The concern of this work is related to flocculation in strains of Pichia stipitis (D - xylose
fermenting yeast). Investigations in this area enabled us to realize that, similar to other cell
-aggregation systems, proteins play an important role in the phenomenon. The evidence that
proteins are strongly involved in flocculation was corroborated by irreversible deflocculation
causcd by protease and by the reversible deflocculation caused by denaturating agents such as

urea and sodium dodecyl sulphate (SDS).

The results are discussed in the light of the basis of protein chemistry. Through
quantitative analysis, the protein content in the cell wall of flocculating and non-flocculating
strains was found to be higher in the former than in the latter. The elemental analysis also
revealed a highernitrogen content and a less phosphorus content in the cell wall of flocculating
strains than the corresponding cell walls of non-flocculating ones.

Key words: Pichia stipitis, flocculation, ccll wall protein, cell aggregation.

INTRODUCTION

Flocculationis aphenomenon when single cells,
suspended in a liquid, aggregate to form flocks, fol-
lowed by rapid sedimentation or flotation. The latter
process may be caused by inclusion of gas bubbles if
the flock presents an open or fluffy structure.

Inyeasts, flocculation has been reported in cells
of Saccharomyces cerevisiae, Saccharomyces
carlsbergensis,Hansenula wingei
Schizosaccharomyces pombe, Citromyces matritensis,
Pichia l.llllLLlllll/ILtllll, Sacchar cinyces r’u’h'y'v'cri,
Schizosaccharomyces japonicus, Kluyveromyces
marxianus and Kluyveromyces bulgaricus> 1013112

The industrial interest in flocculation stems
from two principal advantages that it promotes. First,
it facilitates cell separation allowing the suppression
of the costly centrifuges (widely used on a industrial
scale), and its substitution by simple settlers, provid-
ing an casy and cconomical way to scparate cells.
Secondly, the flocculating nature of certain yeast cells
has provided a means of maintaining a high cell
concentration within the continuous fermenter!'>with-
out the need for inert support materials. Yeast floccu-
lation is therefore the simplest natural mode of cell

immgohilization. and it can he also named as auto-
HIOMCOHLIZAuen, and 1t ¢an oC 450 named as auie

immobilization.
Flocculation is of utmost importance, especially
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during new technology process design for energy
production. It constitutes, many times, the 'great tech-
nological secret'. It is mainly associated with brewing,
although it has been considered in the selection of
yeast strains for other alcohol fermentations *' %, In
addition to its industrial relevance, tlocculation also
provides an important tool for the genetic control of
cell surface recognition phenomena.

This important microbial characteristic has been
intriguing rescarchers since the end of the lastcentury,
although even at the present time the knowledge of
flock formation has not been elucidated completely.
There isa greatdeal of workinthe study of flocculation
of brewer's yeast Saccharomyces cerevisiae. There is
little to show that the factors involved in yeast floccu-
lation are particularly exclusive, thus, the information
on this model aggregation system, and on others, will
be used here as a basis forcomprehending the phenom-
enonwiththe yeastused in the present work. Fromthe
available literature, one can draw that, basically,
{locculation is a result of the interplay between the
yeastgenetics (internal factor) and the environment as
a wholle® (external factor). It seems that the inherit-
able character finds expressioninthe cell wall, through
the syntesis of an aggregating substance. The partial
characterizationof some cell wall polypeptides, present
only in flocculating yeasts, indicates their strong role
in cell aggregation®>?*, Additionally, the fact that pH,
temperature and ionicenvironment®'**? caninfluence
flocculation corroborates the participation of some
proteinaceous component incell aggregation. Floccu-
lation is a superficial phenomenon, since it is also
manifested by isolated cell wall prepared from floccu-
lating yeasts'”. Therefore, the cell wall region is
regarded as the crucial area responsible for cell floc-
culation. The work of Miki et al”*is recommended for
a better understanding about cell-interaction in flock
formation in yeast.

This work, which falls into two categories, aims
to examine the flocculation in cells of Pichia stipitis,
one of the yeasts considered for alcohol fermentation
of D-xylose™ ' 26227 The first is related to the
examination of some external agents which may pre-
ventor induce the phenomenon. The second category
is related to the assessment of the cell walls of floccu-
lating and non-flocculating strains, in order to ascer-
tain whether or not there are differences in their cell
wall composition. Investigations in this subject area
are of interest, particularly inmicrobial systems which,
to date, have not been examined in terms of their
flocculation characteristics.
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MATERIALS & METHODS

Microorganisms: The D-xylose fermentingyeast
strains of Pichia stipitis (5773,5774,5775 and 5776)
were obtained from the Central Bureau voor
Schimmelcultures (CBS) - The Netherlands. The
maintenance medium had the same compositionasthe
grown medium (provided below), being solidified
with agar (15 g/L).

Growth medivm composition: Cells were propa-
gated ina mediumwith the following composition: D-
xylose, 20 g; urea, 1.25 g; KH PO,, 1.10 g; yeast
extract, 1.5 gin 1000 mL of distitled water. A solution
of mineral salts and citric acid was also used in the
medium preparation. This solution was prepared 25-
fold more concentrated than the actual concentration
of its components in the mediuvm. Its concentrated
composition {(in g/L) was as follows: MgSO,.7aq,
12.50; CaCl,.2aq, 1.25; citric acid, 12.50; FeSO,.7aq,
0.90; MnSO 4aq,0.25;ZnS0,.7aq,0.30; CuSO,.5aq,
OO’)S CoCl, 6dq,0 050; NdMOO 2aq,0.035; H BO,,
0.050; K, O()(J9 Al (SO) 0.0125. The mmal pH
was adjusted 1o 6. Owith IMof HCL or NaOH, and D-
xylose was sterilized separately from the other compo-
nents to prevent damage (o the nutritive value of the
medium by caramelization reactions.

Inoculum development: All inocula were pre-
parcd by transfering a loopful of cells from the fresh
slope medium to 500 mL-conical flasks containing
200 mL of medium. The inoculated flasks were incu-
bated at 25°C on a rotatory shaker, at 180 rpm for 48
h. A second transfer was made by inoculating 10 mL
of the former cuitures in the same conditions as
described above.

Flocculation measurements: Theextentof floc-
culation was evaluated indirectly by the percentage of
cells remaining in suspension(R %). This parameter
was determined after yeast cells of known total cell
concentration (C,) were suspended by vigorous shak-
ing, and immediately after, placed ina SO mL-mcasut-
ing cylinder. After a pause of 5 minutes in order to
allow the sedimentation of the yeast flocks, 10 mL was
removed from the supernatant to determine the free-
cell concentration (C). Both C, and C, were deter-
mined by dry weighton pre weighed membrane filters
(Milipore; 0.22 um pore size, 47 mm diameter), after
vacuum filtration of the samples. The cells were
washed twice with an equal volume of distilled water,
and allowed to dry in an oven at 80 2C to constant
weight.
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The R values were calculated by the following
formula: R% = 100 C/C.. Obviously, high values
denote a higher dispersion, and low values a higher
flocculation. A milimetrically graduated cylinder
(h=33.0 cm x d=1.9 cm) was also used to measure the
sedimentation rate (intensity of flocculation) of the
flocks formed by strain CBS 5775. The method con-
sisted of: after inverting the cylinder a few times and
leaving the cell suspension to stand undisturbed the
height of sediment was registered as it settled at
intervals of 1 minute. The tests were performed ai
room temperature.

Microscopic observation: The morphological
observation of the yeast cells under study was made
with a microscope Leitz-Laborlux 12, with a magni-
fication of x 400.

Cell breakage: The cells were harvested by
centrifugation at 3000 g (Sorvall RC-5B) for 10 min
at22Cand washed twice with20 mM of Tris-Cl buffer
pH 8.7, containing 1 mM of PMSF, which was added
to avoid endogenous degradation and therefore pre-
venting proteolytic artefacts during the cell breakage
and cellwall washes. Additionally all operations were
conducted close to 0 2C for the same reason. The cells
were then broken by mechanical shaking with glass
beads (0.45 - 0.50 mm) in a Braun homogenizer.
Centrifuged cells and buffer were mixed in anapproxi-
mately ratio of 1:1 (vol:vol) and cold glass beads were
added up to the liquid meniscus, filling a 10 mL-
container. The container was shaken at about 4000
cycles/min. To minimize heating effects, three series
of 30 sec shakes were used. Before and between each
agitation period the containers were cooled with CO,
snow for about 10 sec. Then, the beads were sieved
fromthe broken-cell suspensions and they were washed
with 100 mL of cold buffer with PMSF. At that stage
an assessment was made by microscopic observation,
using a magnification of x 400 with phase-contrast
illumination. Slides were prepared to observe before
and after cell breakage. The broken cells of strains
CBS 5774 and CBS 5775 would still aggregate, form-
ing flocks and had to be separated by suspending them
inasolutionof urea (4 M). Over 94% of cell breakages
in all cases could be roughly estimated.

Cell wall separation: After cell breakage the
cell walls were separated by centrifugation at 3000 g/
10 min and at2 °C. Then, they were washed five times
in cold buffer containing PMSF, followed by washes
with NaCl at decreased concentrations (5%; 2% and
1%, successively, two times each) to extraction -
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constituent proteins from the cell wall, as recom-
mended by Vega & Domingues®.

Finally, they were washed ten times again in
cold buffer with PMSF. In betwecn each wash the cell
walls were centrifuged in the same conditions as
described above. Thereafterthe cell wall preparations
were submitted to a high vactum and Iyophilized
(p=102mbar; T=-60°C;t=20h) ina freeze-dryer. The
dry matter was determined by weighing 20 mg of
Iyophilized cell wall in pre-weighed containers, which
was allowed to dry at 80 °C up to constant weight.

Analyses of cell walls:

Elemental composition: The percentual compo-
sition of the elements: C, N, H, S, in the freeze-dried
cell wall preparations, was determined on an Elemen-
tal Analyser. The elements: Na, K and Pwere analysed,
afteracid digestionof the samples (5§ mg) inavolumet-
ricmixture of HNO,, H SO, and HCIO, (4:1:1, respec-
tively), in an Inductively Plasma Optical Emission
Spectrometer at 10,000 °K. The intensity of emission
of an element could be correlated with its concentra-
tion in the sample, through a calibration curve pre-
pared previously.

Protein determination: The ccll wall protein
content of Pichia stipitis strains was quantified by the
BIO-RAD Assay 2 To mcasure the cell wall protein
content, they had. first to be extracted from the cell
wall. This was done by weighing 10 mg of freeze-dried
cellwall and adding 2 mL of NaOH (1M) at 100 *°C for
10 min.

Thereafter, the whole sample was quantitatively
transfered to a volumetric flask and the volume made
upto 100 mL, from which a 500 pL- aliquot was taken
and added to 200 mL of Dye Reagent Concentrate
(BIO-RAD Laboratorics - Munchen - FRG), plus 300
mL of distilled water in a 1.5 mL- spectrophotometer
cuvette. The absorbance was measured at a wave
length of 595 nm against reagent blank in a double-
beam spectrophotometer. Bovine serum albumin
(Sigma, UK) was used as standard and was treated in
the same manner, The calibration curve allowed lin

readings in the range of 2 - 25 pg/,uL.
RESULTS AND DISCUSSION

Figure 1 shows the flocculating character of
strains 5774 & 5775 and the dispersed character of
strains 5773 & 5776. The cells of strain 5774 are oval
in form and its flocks are compact, which settle down
quickly inthe spent medium, however the supernatant
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produced is cloudy, containing some free cells in
suspension. This straininitiates the fermentation pre-
senting a dispersed behavior, achieving its optimum of
flocculation after 25 hs of fermentation, and display-
ing, after this time, a mean R value of 22.3% (Fig. 2).
This was an indication that its cells might be synthe-
sizing some component to bring about aggregation,
prior to its maximum expressionof flocculation. Strain
5775 possesses lengthened cells and also exhibited
aggregation characteristics, yetits flocs are large and
presented an open and a fluffy structure. In the stan-
dardizing of the test for quantifying flocculation, it
was necessary to fix a time for sedimentation, which
for obvious reasons, needed to be the shortest time
possible. Consequently, flocculation with strain CBS
5775 could not be depicted in Fig. 2. The velocity of
sedimentation of its flocs varied according to the
concentration of biomass, requiring increasingly ex-
tended sedimentation times in order to produce clear
supernatants (Fig. 3). It can be seen that as the cell
concentration decreases, or in other words, as the
porosity (€) increases the sedimentation rate also rises.
It is evident that, in the flocculation of this strain,

FIGURE 1:Microscopicobservationof Pichia stipitis strains top left:
CBS 5773; top right: CBS 5774 bottom left: CBS 5775; bottom right:
CBS 5776
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sedimentation is hindered, due to the open nature of
the flocks, which accentuates the 'particle-particle
effect 'or 'population effect’. This occurs as a result of
the collision between flocs, provoking a decrease in
their velocity of sedimentation. However, when bio-
technological applications are intended, a high cell
concentration is a prerequisite to obtaining high yields
and productivity values. The hindered sedimentation
shown by strain CBS 5775 may constitute a problem
in cell separation. An effective flocculating microor-
ganism should have the ability to form more compact
flocks which sediment rapidly to the bottom of the
fermenter or seitling device, as displayed by strain
CBS 5774.

100 -

80 1

——&—  CBS 5773

—o-— (BS 5774
60

—8— CBS 5776

40

20 T ¥ T T T T

0 10 20 30 40 50 80 70
Time (h)

Percentage of free-cells in suspension (R%)

FIGURE 2: Flocculation assay during ethanol fermentation of D-
xylose. Strains of Pichia stipitis. Sedimentation time (T,) = 5 min,
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FIGURE 3: The hindered sedimentation of the flocs of Pichia stipitis
CBS 5775 h=height of sedimentation; TS = sedimentationtime X
= biomass concentration. Cells supended in spent medium; pH=5.0
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As mentioned previously, there is anagreement
thatcell wall proteins are involved inthe phenomenon
of flocculation. Therefore, a broad-spectrum protease
fromStreptomyces griseus type XXV-Sigma (pronase
E), containing no detectable DNase, RNase nor Nickase
activitics, was used to study whether or not flocculat-
ing cells of Pichia stipitis CBS 5774 would disperse by
the action of the enzyme. A temporal test was then
carried out, suspending the cells in 0.2 M (Na,HPO /
NaH,PO,) buffer. Afterthe additionof the cnzyme, the
time course was followed and its action measured
through the parameter R% (Fig. 4). A control (floccu-
lating cells + buffer) was set up since the buffer used
was composed of sodium salis, which are reporied io
be dispersing agents of aggregates of Saccharomyces
cerevisiae®, however, itdid not show to be effective in
disaggregating flocks of Pichia stipitis . On the other
hand, the enzyme showed to promote deflocculation.
Inless than 1 hour the flocks were almost completely
dispersed. Besides, the enzyme-treated flocks contin-
ved to be completely dispersed (R=97.3%) after two
washes and resuspension in butfer, denoting the irre-
versible deflocculationcaused by protease. The results
indicated the involvement of some structural-protein
component on flocculation.

@ Flocs+Protease+Buffer
O Flocs+Buffer

Percentage of free-cells in suspension (R%)

— -0
20 T T 13 T
[ 50 100 150 200 250
Time (min)

FIGURE 4: Time course of enzymatic deflocculation of Pichia
stipitis CBS 5774. C,=3.95 g/L; Protease conc.=0.71 mg/mlL; T=35
°C; pH=7.5; N=120 rpm.

The action of potentially denaturating agenis
such as urea and sodium dodecyl sulphate (SDS) was
also investigated. First, an instantancous test was
carried out, increasing urea concentration from 0 - 5
M. The results are displayed in Fig. 5. Deflocculation
is increasingly obscrved as the urea concentration
rises. The cells which were put in contact with the
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highest urea concentrations (4 and 5 M) were then
washed twice in distilled water and resuspended in
spent medium. Flocculation was partially regained.
R%valuesof45.2 and 56.8% were obtained fromcells
tested for 4 and 5 M of urea, respectively.

100 4

80

® Deflocculation
O Reflocculation

60

40

Percentage of free-cells in supension (R%)

Urea conc. (M)

FIGURE 5: The disaggregating action of urea in flocks of Pichia
stipits CBS 5774 and the partial reflocculation after removal of this
denaturating agent. C,=5.30 g/L; pH=5.5; Ts= 5 min.

The findings can be discussed in the light of the
basis of protein chemistry since they are related to the
phenomenon of flocculation. Itis well known that the
denaturation of proteins causes an extreme conforma-
tional alteration in their structures. Denaturation leads
toanunfolding of the protein to a more orless random
coil conformation. In the denaturated state the amide
groups of the peptide chain form hydrogen bonds with
surrounding water molecules rather than with each
other!?, The biochemical characteristics are lost and
physical properties such as sedimentation constant,
viscosity, aqueous solubility and light absorption are
also altered. The process of protein denaturation can
also increase susceptibility to proteolytic degradation
% Itislikely that the refolding of the cell wall proteins
(after the removal of urea), in order to attain its best
structural conformation to bring about flocculation,
was not completed. This could be due to a partial
degradation the cell wall proteins may have under-
gone. In this way, total refolding would not have been
possible, and tlocculation was not completely re-
stored.

The action of another potentially denaturating
agent, sodium dodecyl sulphate (SDS) was also exam-
ined in a temporal test with flocks of strain CBS 5774
(Fig. 6). This experiment was carried out in spent
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medium, containing 10 g/ of SDS. Its effect of totally
disaggregating the flocs was attained within 6 hours.
It is well known that SDS is an anionic detergent
which binds strongly to proteins, causing their dena-
turation and giving them a constant negative charge
perunitof mass. Therefore, it is expected that the cells
in such a condition would repel each other, being
dispersed as a consequence. The cells were then
allowed to be in contact with this detergent overnight
on a rotatory shaker (120 rpm) at 25 ¢C when once
more, the percentage of free cells in suspension was
determined. Thereafter, they were centrifuged and
washed twice with distilled water, being resuspended
in free-cell spent medium without SDS. Flocculation
was totally regained. The possible explanation for the
reversible deflocculation can be ascribed to an addi-
tional property of SDS, which also seems to provide
the 'protective coat' around the protein, preserving its
integrity . In that way, the protein is not so susceptible
to structural degradation, as was indicated when urea
was investigated. The protein refolding seems to
happen immediatelly after the removal of SDS.
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FIGURE 6: Reversible deflocculation caused by SDS 1% (w/v) in
cells of Pichia stipitis CBS 5774, suspended in spent medium. CT =
3.0g/L; pH=5.5T=25C; N=120 rpm

The previous results prompted an investigation
of the cell wall of flocculating and non-flocculating
strains of Pichia stipitis, aiming to assess whether the
acquisitionof flocculation was associated with changes
intheir cell wall composition. Initiaily determinations
of the protein content in the cell wall were performed.
The results (corresponding to a mean of 5 analyses for
each strain) show a considerable increase in the total
protein content of flocculating strains when compared
with non-flocculating ones (Table 1).
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TABLE 1 - Percentage of protein in the cell waal of Pichia stipitis
strains: BIO-RAD assay?.

Protein / cell wall dry weight

Strain (CBS) % W /W)
A .

5773 (F-) 21.74 (+ /- 0.37)
5774 (F+) 3131 (+/- 0.74)
5775 (F+) 32.62 (+/ - 0.56)
5776 (F-) 22.19 (+ /- 0.42)

Not very recently, Lyons and Hough'? asserted
the protein content present in flocculating and non-
flocculating strains of Saccharomyces cerevisiae and
Saccharomyces carlsbergensis did not correlate with
the ability to flocculate. Marfey et al' treated intact
cells of flocculating and non-flocculating strains of
Saccharomyces carisbergensis with trypsin, followed
by B-mercaptoethanol. The treatment solubilized 15%
of material from both types of cells based on dry-
weight. In the solubilized fractions, it was found that
the flocculating strain contained less protein than the
corresponding fraction isolated from the non-floccu-
lating cells. Stewart*?also reported lower protein con-
tents for two flocculating strains of Saccharomyces
cerevisiae, compared to two other non-flocculating
strains. By contrast, in a more recent article, Teixeira
et al ? found a higher protein content in the cell wall
of a flocculating strain of Kluyveromyces marxianus
when compared to a non-flocculating one, which is
more in agreement with our results for the flocculating
and non-flocculating strains of Pichia stipitis. Never-
theless, it is not only the higher protein content in the
cell wall of flocculating strains per se which brings
about cell-aggregation. It is more certainly like thata
specific polypeptide takes part in the phenomenon.

The previous results are also in accordance with
those obtained from the elemental analysis (Table 2),
in which is shown that the nitrogen content of the cell
wall of flocculating strains was found to be much
higher than that of non-flocculating ones.
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TABLE 2 - Elemental analysis of the cells walls of Pichia stipitis
strains: (% of the cell wall dry weight)

- CBS 5573 CBS 5774 CBSS5775 CBS 5776
Element

I) (F+) (F+) ()

C 42.24 48.86 49.01 44.92
H 8.06 8.26 8.30 7.86
N 3.34 5.70 5.87 3.59
S 0.52 0.45 0.56 0.56
P 1.50 0.89 0.99 1.52
Na 0.35 0.45 0.11 0.34
K 0 0 0 0

Ithas also been claimed that flocculatingcells of
Saccharomyces cerevisiae and Saccharomyces
carlsbergensis contain more phosphorus than non- -
flocculating cells '>'¢ Yet our results showed exactly
otherwise, with non - flocculating strains of Pichia
stipitis containing more phosphorus than the corre-
sponding flocculating ones.

The results demonstrated that the cell walls of
flocculating strains of Pichia stipitis contain quantita-
tively more protein than the corresponding cell walls
of non- flocculating strains. It remained to be known
if there were qualitative differences in the cell wall
proteins of such strains, These results were already
obtained and will be presented in another paper (in
preparation). We can anticipate that, through the use
of the polyacrylamide gel electrophoresis technique, a
polypeptide with an apparent molecular weight of 65
KDa was detected in the cell wall proteins derived
from the flocculating strains of Pichia stipitis, while it
is missing in the protein extracts from the non-
flocculating ones.

RIEESUMO

Proteinas de parede celular e seu envolvimento
na floculacéo de Pichia stipitis

O interesse deste trabalho estd relacionado i
floculagio em amostras de Pichia stipitis (levedura
fermentadora de D-xilose). Investigagdes nesta 4rea
mostraram que, similarmente a outros sistemas de
agregacao celular, proteinas desempenham um
importante papel no fendmeno. Evidéncias de que
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proteinas estio fortemente envolvidas em floculagio
foram confirmadas pela defloculagio irreversivel
causada por protease ¢ pela defloculagio reversivel
causada por agentesdesnaturantes comouréiae dodecil
sulfato de sédio. Os resultados sao discutidos a luz da
quimica bdsica de proteinas. Através de anilise
quantitativa, o contetlido proteico na parede celularde
amostras floculantes mostrou-se maijor do que em
amostras nio-floculantes. A anilise elementartambém
revelou um maior contetido em nitrogénio e um menor
conteddo em fésforo na parede celular das amostras
floculantes do que as correspondentes nao-floculantes,
Palavras-chave: Pichia stipitis, floculagio,
proteinas da parede celular,agregacio celular.
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EFFECT OF VINASSE ON GERMINATION OF ME TARHIZIUM ANISOPLIAE (METSCH.)
SOROKIN "IN VITRO" AND IN THE SOIL

Norma Suely Sobral da Silveira’
Galba Maria de Campos-Takaki!
' Maria Menezes?

SUMMARY

The effect of vinasse on Metarhizium anisopliae spores germination “in vitro” and their
survival after addition of the residue in the soil was studied. The germination was evaluated at
8, 16 and 24 hours intervals in different treatments (Vinasse pH 3.5, 6.5 and Potato/Dextrose
medium control). M. anisopliae survival in soil with vinasse was observed 15 and 45 days after
the soil inoculation. The results showed that vinasse inhibited the germination of M. anisopliae
in 55.76 and 42.69%, respectively, in the pH3.5 and 6.5. The application of vinasse to the soil
artificially inoculated with M. anisopliae reduced significatively the number of colonies
recovered and altered qualitatively the environmental nicrobiota in the studied area.

Key Words: Vinasse, Metarhizium anisopliae, germination.

INTRODUCTION

Soil hasbeen considered animportant source
of entomopathogenic fungi (7,15). Particular condi-
tion of this environment plays a fundamental role jn
the capacity of pathogens introduced for insect control
to persist under field conditions and cause epizooties.

Ling & Donaldson(8) carryingout studieson
abiotic and biotic factors, which affected the stability
of the Beauveria bassiana (Bals.) Vuill., found that
organic matter from cultural remains, as well as
applications of fertilizers, improved the soil micro-
biota, altering the survival of fungal spores. These
authors suggest that the success in the soilborne insect
control with fungi depend on adoption of agricultural
practices which encourage the persistence of these
soilborne pathogens.

The utilization of vinasse, residual liquid of
alcohol distillation, as fertilizer in cultivated areas has
increased in the last few years and it has shown

promising results (14). Some consequences verified in
the soil, due to its use: pH elevation; increase in
nutrient availability; in cation and water retention
capacily; improvement in physical structure; and in-
tensification of microbial activity (2,4,9,11,12,16).
The Metarhizium anisopliae is the most impor-
tantorganismused for insect control nowadays. How-
ever, until now investigations have not been done
about the factors that can interfere with its perma-
nence in agroccosystems. The purpose of this paperis
to evaluate the effect of vinasse on spores germination
of M. anisopliae “in vitro”and in field conditions.

MATERIAL AND METHODS

- Microorganisms - Metarhizium anisopliae
(PLA3) URM 3187, isolated from Mahanarva posticata
(Stal.) and characterized in Entomological Labora-
tory of Escola Superior de Agricultura “Luiz de

1 Laboratério de Imunopatologia Prof. Keizo Asami, Depto. de Antibi6ticos - Universidade Federal de Pernambuco, 50.739-901/Recife - PE.
2 Area de Fitossanidade, Depto. de Agronomia - Universidade Federal Rural de Pernambuco, Dois Irmaos, 52171-900 Recife - PE.
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Queiroz”- USP

- Substances - The vinasse utilized “in vitro”tests
was derived from ethanol manufacture, with the fol-
lowing composition: organic matter, 8.5%; nitrogen
(NO,), 0.03%; phosphorus (P,0.), 0.7 g/I; potassium
(K,0),0.83 g/l; initial pH3.5. In order to evaluate the
effect of vinasse on M. anisopliae survival in soil, in
field conditions, vinasse with the following character-
istics was used: organic matter, 2.39 g/l; total nitrogen
(N), 0.42 g/I; phosphorus (P,0,), 0.24 g/l; potassium
(K,0), 0.8 g/l; pH 4.9.

- Effects of vinasse on spores germination - The
spores were removed from the M. anisopliae colonies
grown on Potato Dextrose agar medium for 15 days,
transferred to flasks containing 30 ml of sterile dis-
titled water resulting in a suspension containing 1.8 x
10°spores per mililiters. One mli of the spore suspen-
sion was fransferred to test tubes with 9 ml of the
following media: a) vinasse, pH 3.5; b) vinasse, pH
6.5; and c) Potato/Dextrose (control). The tubes were
incubated at 28°C, for 8, 16 and 24 hours intervals.
Samples were removed, stained with lactophenol cot-
ton blue and examined at optical microscopy. The
percentual of germination inhibition was established
by modified method (3). ’

- M. anisopliae survival in field conditions-The
evaluation of effect of vinasses was carried out inocu-
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lating the soil with 4 x 107 spores of M. anisopliae in
rice substrate. The fungus spores and vinasse were
pulverized on the surface of 1 m? of soil in areas
cultivated with sugar cane. The cultivated areas had
not been previously treated with M. anisopliae. The
amount of vinasses used in the experiment was 20
liter/m2 of soil, as recommended (6) for higher sugar
cane productivity.

Determination of M. anisopliae survival was done
in 15 and 45 days after the fungus inoculated in soil.
Five samples of 5g of soil were removed from soil
surface for each evaluation period. Each sample was
added to 100 ml of distilled water and keptin a shaker
for 5 minutes. After this treatment the samples were
reunited, homogenized and, from this suspension, a
102 dilution was prepared. In the reisolation for the
selective medium described was used (10).

The evaluation was done 7 days after the incuba-
tion, by countingthe amount of M. anisopliae colonies
ineachsample. Other fungus present in the plate dish
were transferred to test tubes with potato dextrose agar
medium for qualitative analysis.

RESULTS AND DISCUSSION

The effects of vinasse on M. anisopliae spores

TABLE 1 - Percent of germination (GER %) of Metarhizium anisopliae spores maintened in vinasse, at different incubation periods.

pH/Hours (GER %)

pH GER (%) Hours GER (%) DMS (5%)
8 16 24
3.5 40.73 b 8 2341 ¢ 1.40 bC 4887bB  T1.93bA 19.20
6.5 51.44b 16 68.63 b 116768 61.80bA  80.87abA 19.20
Control 81.25a 24 8139 a Control 57.17aB  9522aA  91.37aA 19.20
(D’in g@ 11.09 11.09 19.20 19.20 19.20
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germinationisshowninTable 1. The mostsignificant
interference of this residue was observed in pH 3.5,
however, the inhibition effect produced by vinasse was
decreased after 16 hours of incubation as is shown in
figure 1.

The inhibition of spores germination of M.,
anisopliae spores in vinasse may be due to the high
concentration of potassiumin the residue, its reducible
action, as well as the high level of acidity. These
characteristics have been previously (11) when they
pointed outthat vinasses is a potential agent of aquatic
environment pollution. According to the results ob-
tained, it is probable that spores germination of M.
anisopliae have been delayed in vinasse due to high
osmotic pressure in the medium, since, under these
conditions, the absorption of water becomes difficult,
hindering spores hydration. Besides, the delay may
have been caused by changes in the permeability of the
spores cellular walls, which affects the cellular me-
tabolism. Changes of this kind hinder the uptake of
exogenous nutrients available in the medium and
necessary to the germination process. Gloria & Or-
lando (6) suggest that there are limitations to vinasse
utilization on some kind of soil due to the fact that the
high potassium concentration of this residue works as
saline agent, causing a decrease in the vegetable
production in some treated areas. Santos et al. (12)
observed thatthe increasing application of this residue
inhibits the emergence of maize seedlings:

Onthe otherhand, in Table 2 the effects of vinasse
infield conditions, and the average number of colonies
recovered from soil artificial by inoculated with M.
anisopliae spores are shown.
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Those results indicated a significative influence
of this residue on the survival of M. anisopliae when
comparing with non-treated areas.

The increase in fungal diversity speciesisolatedin
treated area with vinasse has been noticed (4). In the
present study, qualitative changes in the soil micro-
biota were noted and previously described (13). It was
observed substantial increase in population of Rhizo-
pus nodosus in the area treated with vinasse. The
increase in the population of this organism of quicker
growth than M. anisopliae furthered by vinasse com-
position, associated with the release of toxic metabolic
in the soil, probably made possible the predominance
of this fungus in soil environment.

GEIN (%)
120

@pH=35
100 E3pH=6.5

80

60

40

20

16
INCUBATION TIME (hours)

Figure 1 - Percent of germination inhibition (GEIN %) of
Metarhizium anisopliae spores in vinasse, at different periods of
incution and pH values.

TABLE 2 - Colonies of Metarhizium anisopliae recovered from soil either artificially treated or not with vinasse. Data transformed at Vx + 5.

colonies Incuba tion colonies

Vinasse/Incubation Time[colonies(n.)]

Vinasse N TN o DMS (5%)
(n.) Time (days) (n.) o
Vinasse 15 45
No 3.70a 15 3.57a No treated 4,85 aA 2.54 aB 1.25
treated
Treated 2.26 b 45 2.39b Treated 2.29aB 2.24 aA 1.25
DMS (5%) 0.88 0.88 1.25 1.25
C.V.=27.22%
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RESUMO

Efeito de vinhaca nagerminacao de Melarhizius
anisopliae (Metsch.) Sorokin "in vitro”e no solo

Neste trabalho foi estudado o efeito da vinhaca na
germinagio de esporosde Metarhizium anisopliae"in
vitro”e sobrevivéncia deste fungo apds adi¢do do
residuonosolo. Oefeitodavinhacanagerminacaode M.

-anisopliae foiavaliado a intervalos de 8, 16e 24 horas,
em diferentes tratamentos (Vinhaga pH 3.5 e pH 6.5;
¢ no meio de Batata/Dextrose como Controle). A
sobrevivéncia de M. anisopliae em solos contendo
vinhca foi observada apds 15 ¢ 45 dias de inoculacio.
Os resultados indicaram que a vinhaga inibiu a
germinacio de M. anosopliae em 55.76 ¢ 42.69 nos
pH3.5¢6.5, respectivamente. Osolo contendo vinhaga
¢ inoculado artificialmente com esporos de M.
anisopliae apresenteramuma redugio significativado
namero de colonias reisoladas deste fungo, bemcomo,
ocorreu alteragdo qualitativa da microbiota na 4rea
estudada.

Palavra-chave: Vinhacga, Metharhizium anisopliae,
germinacao.
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STUDIES ON SPORE IMMOBILIZATION CONDITIONS FORDEVELOPMENT OF
PENICILLIUM CHRYSOGENUM BIOPARTICLES.

Maria Lucia G.C. Araujo
Carlos Osamu Hokka*

ABSTRACT

Cultural conditions in shaking flasks for obtention of Penicillium chrysogenum IFO
8644 bioparticles of suitable size for its utilization in tower type fermentor were set up.
Immobilization was realized by spore entrapment in selected diatomaceous earth particles
ranging from 12510292 um. The effect of agitation speed, phosphate concentration and spore
concentrationon the bioparticle diameter was examined ina 72 hours culture at 26°C utilizing
mediumwith sucrose and corn steepliquor as main components. Experiments were performed
according to central composite design technique and the statistical analysis of the results
enabled to correlate bead size with the studicd variables through an empirical equation
describing a second order model. It was observed that the main variable alfecting bioparticle

diameter is the spore concentration whose increase reduces the pellet size.
Furthermore, experiment in which only the spore concentration was varied confirmed
the general pattern predicted by the empirical expression established through the factorial

design experiments.

Key-words: mold bioparticle, immobilized cell, pellet size

INTRODUCTION

The immobilization of filamentous fungi in
inert carriers for antibiotic production in tower type
bioreactorsisbeing propose as a promising alternative
to overcome oxygen transfer limitation caused by
highly viscous broths produced in conventional fer-
mentors (2,4,6,7,16) . The feasibility of its operation

forlong periods incontinuous (4,6,11)or repeated fed-

batch systems (6,10,14,15) has beendemonstrated in
penicillin production process.

Gbewonyo and Wang ( 5 ) developed a tech-
nique to immobilize mycelial cells on diatomaceous
earth particles (Celite) obtaining bioparticles ranging
from 200 to 600 um . Further the same authors (6)
observed higher penicillin productivity utilizing con-

fined cells on Celite in a bubble column as compared
with free mycelial culture. This fact was attributed to
the higher mass volumetric mass transfer coefficient
(k) when immobilized cells arc utilized. Still,
Gbewonyo et al. (7) relate the successful scale up of a
200 titer tower fermentor utilizing the same tech-
nique, emphasizing the relatively low cost of Celite
and the simple procedure for cell immobilization onit,
making the process a promising one for industrial
application. Keshavarz et al. (9) evaluated some pa-
rameters affecting spore uptake and growth to develop
method for iarge scale immobilization of spores onto
Celite. They found that immobilized biomass was
almost independent of spore loading and the free cells
obtained were much less than the confined one. Oh et
al.(15)utilizing the method developed by Gbewonyo

Departamento de Engenharia Quimica Universidade Federal de Sdo Carlos. Caixa Postal 676 - CEP 13560 Sio Carlos - SP

* Corresponding author
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and Wang (5) investigated the effect of phosphate
concentration on bioparticle size in a fluidized-bed
bioreactor and an optimal feed rate of phosphate was
determined.

The control of particle size for proper substrate
and oxygen internal transfer are emphasized by vari-
ous authors whetherin Celite confined systems (10,15)
orinnatural pellets of fungi (1,12) and as pointed out
by Gbewonyo and Wang (5) the internal mass trans-
port resistances can be a major handicap of the pellet
growth form.

Based on the above mentioned, the objective of
the present work was to correlate bioparticle diameter,
obtained in shaking flasks with spore concentration,
phosphate concentration and agitation speed through
experiments planned according to the factorial design
technique (central composite design.)

MATERIALS AND METHODS

Microorganism and Media: Penicillium
chrysogenium IFO 8644 kindly provided by ICBiotech,
Osaka, Japan was utilized throughout this work. The
mediumcomposition in g/l for strain maintenance and
spore formation was: 7.5 glycerol, 7.5 glucose, 2.5
cornsteepliquor, 5.0 peptone, 0.05 MgS0,.7H,0,0.06
KH,P0,, 4.0 NaCl and 20.0 agar; pH = 6.0. In the
experiments forbioparticle formationthe composition
in g/l was: 30.0 sucrose, 20.0 corn steep liquor, 2.0
(NH,),S0,4, 0.25 MgS0,.7H,0, 5.0 CaC03, 5.0 soy
bean oil. Metals were provided by adding 20 ml/I of
salts solution composed of (ing/1):3.0FeSO,.7H,0,
2.5 CuSO,.5H,0, 10.0ZnSO, . TH,O . The pH was
ad justed to 6.5 . Phosphate concentration was varied
according to the experimental design conditions and
ranged from 0.4 to 2.0 g/l as KH,P0, .

Spore confinment: The procedure wasbasedon

the technique developed by Gbewonyo and Wang (5)
and modified to our conditions. Celite 560 (John
Manville Corp., Denver Co., USA) kindly supplied by
Rhodia S.A. - Sao Paulo SP, Brazil, was washed in
water to remove fines and particles between 125 and
292 pmwereselected by wetsieving. The Celite beads
were dryed at 250°C for 4 hours and 2g were added to
cach 250 ml] erlenmeyer flasks. The flasks were auto-
claved at 121°C for 30 minutes and dried at 60°C
overnight. After cooling, 10 ml of spore suspension
with known concentration were added to the flasks,
gently mixed and kept static for 2 hours. The liquid
was drained and the particles were washed twice with
10 ml sterile water. The above mentioned spore sus-
pensionwas prepared by adding 100ml of sterile water
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to a 10 days culture developed on the agar medium at
26°C in 1 liter Roux bottles. Spore number was
determined by using a hemacytometer (Neubauer
Chamber) and the concentration (ranging from
0.2X108to 4.0X10%) adjusted by proper dilution with
sterile distilled water.

Bioparticle preparation: Previously sterilized
medium (40 ml) with proper phosphate concentration,
was added to each flask and kept for 4 hours at 26°C.
Agitation speed was kept low (ca. 100 rpm) to avoid
loss of the spores from Celite, as suggested by Jones et
al. (8). After this period the agitation speed was
increased to the desired values accordingto the experi-
mental design condition (ranging from 170 to 330
pm). A rotary shaker (Equipamentos Cientificos
Superohm Ltda., Piracicaba, SP, Brazil)describing 19
mm circle wasutilized. After 72 hours, when the sugar
was almost totally consumed, the diameter of 60 to 80
particles were measured undera microscope (Amplival
from Carl Zeiss,Jena - Germany) witha microscale in
the ocular.

Statistical analysis: Response surfaces, linear
and non-linear regression as well as analysis of vari-
ance were realized with the aid of SAS Statistical
Analysis System Inc.-SAS User's Guide: Statistics,
Cary, NC, 1982) in the Computer Center of UFSCar,
S.Carlos, SP, Brazil.

RESULTS AND DISCUSSION

Initially, the effects of the variables: X', spore
concentration, X,', phosphate concentration, and X',
agitationspeed onthe dependent variable Y, bioparticle
diameter were investigated through 2> factorial design
with three replicated center points. Spore concentra-
tions in the suspensionforadsorptionwere 1.0,2.1 and
3.2X10% spores/ml and agitation speed, 204, 250 and
296 rpm. These values were chosen based on the
literature (4,5) where it is mentioned a concentration
of 108-10° spores/ml and an agitation speed of 200 to
220 rpm. Phosphate concentration (0.4, 1.0 and
1.6 g/l) was examined as it has been reported (1) its
remarkable effect on the bead size.

Table 1 presents the results obtained, where the
independent variables are in both original, Xi', and
coded units, Xi. In Figure 1, a microphotograph of a
typical bioparticle obtained is shown. As it can be
observed, small spheric pellets with radially project-
ing hyphae were formed resulting in fluffy bioparticles.
This morphology as mentioned by Kim et al. (10),
facilitates the intraparticle mass transfer.
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TABLE 1 - Resuits from 2° factorial central composite design experi-
ments utilized to obtain a linear model

Phosphate Agitation Biopart.

Spore conc. .
conc. speed diameter

10*ml'  coded o/l coded tpm  coded pm
&) Xy X)) &) &) X 8]

1.0 -1 0.4 -1 204 -1 282
3.2 1 0.4 -1 204 -1 197
1.0 -1 1.6 1 204 -1 241
32 1 1.6 1 204 -1 222
1.0 -b 0.4 -1 296 1 397
3.2 1 0.4 -1 296 1 252
1.0 1 1.6 1 206 1 337
32 i 1.6 1 296 1 166
2.1 0 1.0 0 250 0 207
2.1 0 1.0 0 250 0 181
2.1 0 1.0 0 250 0 200

Alinear model was adjusted through regression
by the least square method. The analysis of variance
showed that this model explain roughly the studied
region at 10% significance level.

FIGURE 1 - Microphotograph of a typical bioparticle obtained
after 72 hours cultivation of spores immobilized in celite.
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TABLE 2 - Results from additional conditions of the 2* factorial
central composite design to enlarge the bioparticle diameter range
and utilized to obtain a second degree model.

Agitation
speed

Spore conc.

X Bi .
diameter fopart

Phosphate cone.

10%ml!  coded g/l coded  rpm  coded pm
X)Xy &) X)) X)) X (Y)

0.2 -1.732 1.0 0 250 (] 762
4.0 1.732 1.0 0 250 0 133
2.1 0 0.0 -1.732 250 0 311
2.1 0 2.0 1732 250 0 204
2.1 0 1.0 0 170 -1.732 218
2.1 0 1.0 0 330 1.732 353
2.1 0 1.0 0 250 0 194
2.1 0 1.0 0 250 0 190

The mathematical expression with the variables
in the coded form was:

Y =ag+ a X+ a,X, +a3X, ¢))
where the coefficients values with their deviation are:
ag=248.2 (* 15.6); a; =-52.5 (¢ 18.3)

a,=20.2 (+ 183); a; = 26.2 (* 18.3)
and Fogrension=3-83; F (0.9, 3,7) =3.07

In order to enlarge the bioparticle diameter
range and fo improve the definition of the response
tendency, the region of study was expanded, as a
second degree aproximation provides a better repre-
sentation over a larger region including the studied
one (3). This factorial group of points was augmented
with a star design consisting of six axial points and two
additional center points. The experiments werce carricd
outinthe same manner as the first group, and from the
results (Table 2) it is evident the important effect of
spore concentration on the bioparticle diameter. The
data from the first and second groups (complete
central composite design) enabled the obtention of a
mathematical expression through non-linear regres-
sion, describing a second order model as follows:
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Y =by+ by X et by X2 et b X X, 4ot
b3 X, X, 2

where the coefficients values are:

b= 194.4 (£ 41.0); b,= -107.8 ( + 24.5);
by = -24.8 (£ 24.5); by=31.7 ( 24.5);
by=71.3 (£ 23.8); b,,= 8.0 (£23.8);
byz=17.3 (x 23.8); by,y=5.0 (x 32.4);
by3=-26.5 (£ 32.4); b= -16.2 (£32.4).

The analysis of variance indicates that the model
explains fairly well this region with a 10% signifi-
cance level as:

Fregressiony= 35713 F (0.9,9,9)= 2.4

However, the analysis of the coefficients of
equation (2) from the model fitting suggested that the
interaction effects of the variables as well as the second
order terms in X, and X, are not relevants. Then, the
original expression was reduced and through non-
lincar regression the following expression was ob-
tained:

Y=o+ aXp+onX) + o Xy + o X, 2 (3)

where:
O =215.8(x23.5); a; = -107.8 (£ 21.2);
o, =24.8 (£ 21.2); oy = 31.7 (£ 21.2);
oy = 67.6 (£ 20.1).

TABLE 3 - Analysis of variance for the full regression

Sum of Mean

Source Squares D.F. square Ratio
Model 1597733.5 5 319546.7  50.6
Error 88351.5 14 6310.8

Total 1686085.0 19

Total (corr.) 3454424 18

R?=0.744; F = 10.18

Itcanbe observed from the analysis of variance,
shown in Table 3, that the regression is significant at
1% level as:
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F(rcgre&sion) =10.18; F (0.99,4,14) = 5.04

The coefficient values of the above expression
show the remarkable effect of the spore concentration
onthe bioparticle diameteras compared with the other
variables, especially the phosphate concentration. This
must be due to the fact that corn steep liquor presents
initscomposition (13) some amount of phosphorilated
compounds.

800

600

FIGURE2- Surface representing the effect of spore concentration, X,
and phosphate concentration X ,, in coded units on the bioparticle size,
Y. The dots indicate the experimental data.

In order to allow visualization of equation (3),
Figure 2 shows a three dimensional plot of the surface
representing bead size, Y, against spore concentration
X, and phosphate concentration X, while in Figure
3, Y is plotted against X and X, agitation speed. In
the figures, the experimental points plotted corre-
spond to those where X4 and X, are zero, respectivelly,
and the important effect of spore concentration can be
observed.

Based on the above results, experiments were
performed to confirm this effect, keeping constant the
phosphate concentration, 0.5 g/1, and agitation speed,
250 rpm, and varying the spore concentration. The
phosphate concentration was established based on
values normally utilized in this process, as its influ-
ence is the less significant when compared with the
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othervariables. Regarding agitation speed, as itexerts
a fairly higher influence utilized in order to nullify its
effect in equation (3). The other conditions were the
same, and concentration in the suspension ranged
from 2.5 x 10° to 4.3 x 103 spores/ml and the bead
presented average diameters between 119 to 996 um.

800

600

400

Y (am)

200

FIG URE3 - Surlace representing the effect of spore concentration X,
and agitation speed, X3, in coded units on the bioparticte size, Y. The
dots indicate the experimental data.

The results are shown in Figure 4 and as it can be
observed the size decreases sharply as spore concen-
tration is increased up to ca. 10%/mi, tending to level
down thereafler.
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FIG URE 4- Effectof spore concentration onbioparticle diameter with
0.5 g/l phosphaste concentration and 250 rpm agitation speed.
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This behaviour is fairly well depicted by the
empirical correlation except for the region of high
concentration where it was notobserved anincrease in
bead size. We can conclude that, for the range of
technological interest the results obtained from ex-
perimental design technique are very useful to obtain
bioparticles of convenient size in order to minimize
internal oxygen limitation and allow utilization in
tower type bioreactors. Besides, phosphate concentra-
tion and agitation speed, inthe usual ranges employed,
are much Iess effective than spore concentration. Still,
interactions effects between the variables seem not to
occur. Further studies in this laboratory are being
directed towards the investigation of the influence of
bead size on the penicillin production rate as well as
the behaviour of tower type fermentor with pellets
obtained through this technique.

RESUMO

Condigdesdeimobilizagiode esporosde Peni-
cillium chrysogenum paraobtengiode bioparticulas.

Foram estabelecidas condigbes de cultivo em
frascos agitados, para a obtengdo de bioparticulas de
Penicillium chrysogenum TFO 8644 de tamanho
adequado para utilizagdo em biorreator tipo torre. A
imobilizacio foi realizada porconfinamento de esporos
em particulas de diatomito selecionado com didmetro
variando de 125 a 292um. Foram examinados os
efeitos da velocidade de agitacdo, concentragio de
fosfato ¢ concentracao de esporos no didmetro da
bioparticula formada em cultura de 72 horas a 26°C,
utilizando meio comsacarosee dguade maceragiode
milho como principais componentes. Osexperimentos
foram conduzidos de acordo com a técnica do
planejamento fatorial em dois niveis com ponto cen-
tral. A anélise estatistica dos dados permitiu
correlacionartamanho de bioparticulacomasvaridveis
estudadas, através de uma equagio empirica
descrevendo um modelo de segunda ordem. Verificou-
s¢ que a varidvel mais imporianie foi a concentragac
de esporos, cujo aumento reduziu o tamanho das
particulas. Ainda, experimentos nos quais apenas a
concentracio de esporos foi variada, confirmaram o
comportamento geral previsto pela equagao empirica
estabelecida através de planejamento experimental.

Palavras - chave: bioparticula de fungo, célula
imobilizada, tamanho de bioparticula.
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