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Behavior of protease (gelatinase)-excreting

and non-excreting cells from
a single Proteus mirabilis
strain when inoculated into mice
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Caixa Postal 11461

07000 Sdo Paulo SP, Brasil
Gil Vital Alvarez Pessoa

& Kinue Irino
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Summary

Protease (gelatinase)-excreting and non-excreting cells which originated from the sa-
me population by genetic instability behave differently when intraperitoneally inocula-
ted into mice. The protease-excreting cells lower the survival rate of inoculated mice
when compared to the non-excreting cells.

Resumo

Comportamento de células excretoras e ndo excretoras de protease (gelatinase) da
mesma estirpe de Proteus mirabilis, quando inoculados em camundongos

Células excretoras e ndo excretoras de protease {gelatinase), que tiveram origem na
mesma populacdo de Proteus mirabilis, comportam-se diferentemente quando inocula-
das intraperitonealmente em camundongos. As células excretoras de protease dimi-
nuem a sobrevivéncia de camundongos inoculados, quando comparadas com as nac

excretoras.

Introduction

Analysis of a few newly isolated protease-
excreting P. mirabilis population showed
genetic instability characterized by the
presence of a variable number of individuals
which lost their ability to excrete protease.
These individuals were recognized and
genetically characterized by Costa (2) and
designated as P~ (protease-negative). Even
though P* and P~ cells display very similar
generation times when their growth curves
in media with or without gelatin added are
analyzed, a larger conversion of P* cells into
P~ cells is observed when unstable P.
mirabilis strains are repeatedly cultured in
gelatin-free nutrient broth*. Thus it is to be

expected that, in a protein habitat, unstable
populations will selectively maintairn the pro-
tease trait and that this enzyme provides P.
mirabilis with some kind of advantage.
The present study attempts to show the
difference in behavior between Pt and P~ in-
. dividuals obtained from the same P. mirabilis
sample when intraperitoneally inoculated in-
to mice.

Material and Methods

Strains utilized — The Proteus mirabilis
strains used were L-68-1-Nx-P* (protease-
positive) and L-68-2-Nx-P~ (protease-negati-
ve), both resistant to 25ug/ml nalidixic acid

* Costa, S.0.P.; Bonato, M.C.M. & Bianco, M. — Instability of the protease (gelatinase) trait in Proteus mirabilis. |i
— Behavior of protease-excreting and non-excreting cells in the presence of gelatin. Rev. Microbiol. (S&o Paulo), in

press.
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and originating from strain L-68mNx*. This
original strain was isolated from clinical
material at the Adolfo Lutz Institute
designated with number 3617 and is
genetically unstable with respect to protease
excretion. Pt and P~ individuals from this
sample were selected on plates containing
NG medium with nalidixic acid added (4).

Cuiture media — NA (nutrient agar): Bacto
beef extract, 3g; Bacto peptone, bg; Bacto
agar, 15g; distilled water to 1 liter; MT (8):
Bacto peptone, 20g; lactose, 10g; sodium
chloride, bg; L-tryptophan, 4g9; ammonium
ferric citrate, 2g; crystal violet, 0.001g;
neutral red, 0.3g; bile salts, 1.5g; agar, 1,5g;
distiled water 1 liter; pH, 7.0; NG: Bacto
Blood Agar Base with Bacto gelatin added,
7.bg; and agar, 10g.

Buffered saline solution — Solution A:
KH,PO,, 9.78g; distilled water to 1 liter.
Solution B: Na,HPO,, 17.4g; distilled water
to 1 liter. Mix 10ml solution A with 40mli
solution B, add NaCl, 8.5g, and distilled
water to 1 liter; pH 7.4.

Mouse inoculation — P* and P~ variants
derived from strain L-68mNx" of P. mirabilis
were cultured in slanted NA for 15 hours at
37°C. The culture was suspended in buf-
fered saline solution, pH 7.4, washed,
resuspended in the same buffer and stored in
the refrigerator while the number of viable
cells from the various inocula was determined.
On the following day, the viable cells, in the
suspension were counted once more after in-
oculation in order to confirm the initial
number of viable cells.

Twenty mice weighting 18-22g were
utilized for each dose (0.2ml of the cell
suspension), which was injected in-
traperitoneally. The mice were kept in ap-
propriate individual cages and observed for
14 days, with a daily recording of deaths.
The controls were groups of animals injecte
with buffered saline and groups of animals
bacteria.

After the animal’s death, samples obtain-
ed from the peritoneal exudate and from the
liver, spleen and kidneys were plated on to
MT medium and incubated for 24 hours at
37°C. The resulting growth was submitted
to the test of resistance to nalidixic acid

5.0.P. da Costa, G.V.A. Pessoa & K. Irino

(25ug/ml) and to the gelatin hydrolysis test in
NG medium, by replica plating (3).

Gelatin hydrolysis — Bacteria grown over-
night in nutrient broth were diluted and
spread on plates containing NG medium.
After overnight incubation at 37°C, the sur-
face of the medium was covered with a
saturated solution of ammonium sulfate for
15-20 minutes. The colonies surrounded by
a transparent halo indicate enzyme excre-
tion.

Results and Discussion

The data on the effect of Pt P. mirabilis
cells on mouse survival are summarized in
Tables 1 and 2. The results of mouse in-
oculation with P~ P. mirabilis cells are given
in Tables 3 and 4. ,

Gelatinase excretion is one of the
biochemical characteristics of Proteus
mirabilis. Gelatinase is a proteolytic exoen-
zyme which degrades several proteins such

Table 1 — Influence of protease-excreting (PT) Proteus
mirabilis™ cells on mouse survival®

N° of P* Exp. N° of N° of
cells N2 inocu- dead
inoculated lated animais
in animals
0.2mi (e
1.0x10° 1 20 20
2 20 15
3 20 14
total 60 49
7.5x108 1 20 19
2 20 13
3 20 16
total 60 48
5.0x108 1 20 16
2 20 9
3 20 11
total 60 36
2.5x10° 1 20 3
2 20 2
3 20 0
total 60 5
control 1 20 o]
buffered 2 20 o}
saline (d) 3 20 0
total 60 (o]
control
(heat-killed
cells)
1.0x10° 1 20 2
7.56x108 1 20 2
{a) Strain utilized: L-68-1-Nx-P*; (b} Inoculation by the

intraperitoneal route (c) the animals’ weight varied bet-
ween 18 and 22g; (d) buffered saline solution (see
Material and Methods).
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Table 2 — Determination of DL50 using the data in Table 1, by the method of accumulated results (4)
Dose N¢ of N° of N° of Accumulated Total
x 108 inoculated dead surviving dead surviving N of 9% of
animals animals animals animals mortality
2,5 60 5 55 5 102 107 4,67
5,0 60 36 24 41 47 88 46,59
7,5 60 48 12 89 23 112 79,46
10,0 60 49 11 138 11 149 92,61

DLy, = 5.26x108 cells per ml.

Table 3 — Effect of non-protease-excreting (P7) P.
mirabifis'® cells on mouse survival rate!®!

Ne 01P™ Exp.

‘N2 of N? of
cells N° inocu- dead
inqculated lated animals
in animals
0.2mi fc)
1.0x10° 1 20 18
2 20 10
3 20 8
total 60 36
7.5x108 1 20 16
2 20 7
3 20 4
total 60 27
5.0x10° 1 20 9
2 20 1
3 20 3
total 60 13
2.5x108 1 20 2
2 20 0
3 20 0
total 60 2
controf 1 20 0
buffered 2 20 o]
saline (d} 3 20 [¢]
total 60 0
control
{heat-killed
cells)
1.0x10° 1 20 0

(@) Strain utilized: L-68-2-Nx-P~; (b} Intraperitoneal in-
oculation; (¢) The animals weight varied between 18
and 22g; {d) Buffered saline solution (see Material and
Methods).

as casein and albumin, and for this reason
has been designated here as a protease.

The genetic information responsible for
protease synthesis is of extrachromosomal
nature and is characterized by great instabili-
ty in protease excretion (2).

When a bacterium carrying a phenotypic
characteristic such as that of protease excre-
tion produces with high frequency cells
which no longer exhibit this characteristic,
interest is aroused in learning how this new
variant behaves.

Protease excreting cells somehow par-
ticipate in lowering the survival rate of in-
traperitoneally inoculated mice when com-
pared to non-excrefing cells. It should be
pointed from the same P. mirabilis strain
(L-68mNx") and exhibit the same marker of
resistance to the drug (nalidixic acid). This-
isogeny overrules -possible differences in
behavior among different strains. In addition,
the condition of resistance to nalidixic acid
does not interfere substantially with growth
ability (1), and-both types of inoculated cells
where shown to have the same generation
time {2). Thus the only apparent difference
between the two strains is the ability to ex-
crete protease.

Our data may eventually explain those of

“Topley & col. (7). According to these in-

Table 4 — DL, determination using the data in Table 3, by the method of accumulated results (4)

Dose N? of N2 of N? of accumulated Total
x 108 inoculated dead surv ving dead surviving N? of % of
animals animals anir. als animals mortality
2,6 60 2 58 2 162 164 1,22
5,0 60 13 47 15 104 119 12,60
7.5 60 27 33 42 57 99 42 .42
10.0 60 36 24 78 24 102 76,47

DLg, = 8.05x108 cell per ml.
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_ vestigators, very virulent P. mirabilis cultures
exist which determine the animals’s death
during the first few hours, and less virulent
ones which cause death only one week or
more after inoculation. Thus, stable or slight-
ly unstable cultures, consisting almost ex-
clusively of protease-excreting cells, would
be expected to be more virulent than the
unstable ones, whose populations, for the
most part, or even totally, would be ex-
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Summary

The thermotolerant fungus Phanerochaete chrysosporium was cultured in brown juice
obtained from a protein extract of cassava leaves, either pure or fortified with salts, at
45°C. The maximum biomass production, after 40 hours of incubation, was essentially
the same in both conditions. The yield was low, apparently due to the lack of an impor-
tant substrate. Salt fortification increased the biomass protein content and also affec-
ted the amino acid profile of the proteins.

Resumo

Producéo de proteina a partir do fungo termotolerante Phanerochaete chrysosporium,
utilizando um dos residuos de proteinas foliares de mandioca como substrato

O fungo termotolerante Phanerochaete chrysosporium foi cultivado em residuo do pro-
cesso de extracdo de proteinas foliares de mandioca, puro ou reforcado com sais, a
45°C. A producdo maxima de biomassa, obtida em 40 horas, foi sensiveimente igual
nos dois casos e baixa, por falta de um substrato importante. O acréscimo dos sais de
Hofsten aumentou o teor em proteinas da biomassa e influiu no perfit de aminoéacidos

dessas proteinas.

Introduction

The production and nutritional evaluation
of leaf protein as an alternative source of pro-
tein as food or feed have been extensively
studied {2, 3, 14). Alfalfa has been widely
used as a source of leaf protein concentrate
(LPC) (4, 19). More recently, cassava has
been suggested as a source of LPC (5, 6, 9,
12, 18).

In the present paper, the brown juice ob-
tained in the processing of cassava leaves
has been tested as-a substrate for production
of a non-conventional protein: single cell pro-
tein (SCP).

Material and Methods

M/'croorganismv — The thermotolerant fungus
Phanerochaete chrysosporium ATCC 28326

was used. The culture was grown on Sabou-
raud dextrose agar slants for 14 days at
37°C and then stored in. the refrigerator at
4°C for a maximum of one month.

Obtaining brown juice — Cassava leaves
used came from Amarantina, Minas Gerais.
The method of obtaining the LPC and, conse-
quently, the brown juice has been described

(18).

Analysis of the brown juice — Crude-and real
protein were determined as described by
AOAC (1). Reducing and total sugar were de-
termined according to Somogyi (15) and
anthrone method (17), respectively.

The determination of minerals was carried
out by X-ray fiuorescence, after drying
500ml of the sample at 110°C with 1g of
Si0,.
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Fermentation — Batch cultures were carried
out in a bench fermentor (Model MF 114,
New Brunswick Scientific Company) equip-
ped with an automatic pH control module
{Model pH 22, New Brunswick Scientific
Company). During the operation, aeration
and agitation were adjusted to 1vvm and
600rpm, respectively. The temperature
throughout the fermentation process was
maintained at 45°C. An aliquot of 10ml of P.
chrysosporium spore suspension with ap-
proximatively 5 x 107 spores from a 14 days
slant culture was transferred to a 2| Kitasato
flask containing 500ml of culture medium.
This flask was incubated for 72 hours with
continuous shaking (120 translations per
minute). The contents of the flask containing
2,1g of mycelia were transferred to the
fermentor vessel containing 101 of culture
med:um Foammg was controlled manually
by adding soy oil. The brown juice, either
pure or fortified with Hofsten salts (Table 1)
(8) was used as the basal medium. At ap-
propriate time intervals, samples of 25ml
were withdrawn from the fermentation
vessel. Duplicates of each sample were
filtered through a preweighed membrane
filter (0,451 pore size, Millipore), washed
with distilled water, and dried to constant
weight at 110°C.

The filtrate was analyzed for reducing
sugar (15) and total carbohydrates (17).

Table 1 — Composition of the Hofsten mineral salts (8)

Substance grams per liter
(NH,),SO,, 2

KH,PO, 1

MgS0,.7H,0 0,5

FeSO,.7H,0 0,004
MnSO,,.4H,0 0,004
ZnS0,.7H,0 0,004

NaCl 0,1

CaCl,.2H,0 0.1

Harvesting —. Stationary phase mycelium

was harvested by filtration through a
80- mesh copper Wire sieve and thoroughly

The mycslia
were dried at 60° C, ground in a mortar 1o a
very fine powder and kept desiccated.
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Biomass analysis — Total nitrogen was
determined according to Kjeldahi (1). Crude
protein was expressed as total nitrogen(N)
multiplied by 6,25. Protein nitragen was
determined by AOAC procedure (1) and
"‘real’”’ protein by multiplying protein
nitrogen by 6,25.

Moisture, ether extractives, and total ash
were determined according to AOQAC (1).

The amino acid analysis was carried out
on an automatic amino acid analyzer
(Beckman, Modei 120} after hydrolysis of
the sample in 6N HCI for 20 hours. Tryp-
tophan was determined by the Miller pro-
cedure (11).

Results and Discussion

Table 2 shows the chemical composition
of the brown juice. The juice has low levels
of reducing sugars and total carbohydrates.
There is, therefore, a deficiency of a quan-
titatively important substrate that can lead to
a low biomass production.

Table 2 — Chemical composition of brown juice obtain-
ed from cassava leaf protein extract

Constituents Concentration

g/ 100mi
Total nitrogen 0,073
Crude protein 0,456
Nitrogen protein 0,024
Real protein 0,15

Reducing sugar 0,259-0,305
Total carbohydrate 0,448-0,549

Figure 1 shows the vyield of P.
chrysosporium in function of time, with and
without the salt fortification. The graph also
shows the sugar consumption. The yield of
mycelia was apparently higher in the experi-
ment without salt fortification. However, the
difference in initial substrate concentration
may explain this result.

Table 4 shows the biomass comDosmon
of P. chrysosporium from media with and
without salt fortification of the medium. The
salt fortification did not alter significantly the
biomass production after 40 hours of incuba-

nf nrnvufh
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%3 h +hn +
tion when the stationary phase

was attained. However, the salt fortification
changed appreciably the biomass composi-
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Figure 1 — Biomass production and sugar consumption
of Phanerochaete chrysosporium grown in brown juice,
either pure or fortified with salts, from cassava leaf pro-
tein extraction*

Dry Welght (DW)
Redscing Sugors (RS)

o

* Brown juice pure: dry weight {x}, reducing sugars (8);
Brown juice fortified with salts: dry weights (O), redu-
cing sugars (x).

Table 3 — Mineral composition of the brown juice ob-
tained from cassava leaf protein extract

Elements Concentration

g/100m!

K 0,86

P 0,19

Mn 0,33

Fe 0,13

Ca 0,20

Zn 0,0008

Cl 2,31

S 0,21

Table 4 — Proximate analysis of the biomass of P.
chrysosporium grown in cassava brown juice with and
without Hofsten salt fortification

Concentration
g/100g dry weight

Constituents Without With
salts salts
Final production 0,363 0,287
Crude protein 20,73 31,91
Real protein 18,94 26,62
Ash 4,79 3,46
Fat 20,57 13,86
Moisture 8,22 9,16

123

tion. This effect might be due to the ratio C/N
in the culture medium whose influence in the
balance lipid/protein in mycelia has been
reported {10). The level of protein was in-
creased and the level of lipids was decreased
due to salt fortification.

The amino acid composition of the crude
protein in the biomass obtained either with or
without salt fortification is shown in Table 5.

Table 5 — Amino acid composition of the protein of Pha-
nerochaete chrysosporium grown in cassava brown jui-
ce either pure or fortified with Hofsten salts and essen-
tial amino acid composition of the FAO reference protein
(7)

Concentration
g/16g protein

Amino nitrogen
acid

FAO

Without With reference
salts salts protein

Lysine 4,16 10,87 4,2
Histidine 1,79 3,86
Arginine 5,47 14,08
Aspartic acid 6,48 4,79
Threonine 4,11 2,87
Serine 4,37 2,57
Glutamic acid 9,45 6,18
Proline 3.45 3,00
Glycine 4,29 3,30
Alanine 5,91 4,89
Cystine 1,31 1,12 2,0
Valine 4,64 2,84 4,2
Methionine 2,14 2,04 2,2
Isoleucine 3,59 2,54 4,2
Leucine 7,09 4,26 4,8
Tyrosine 3,15 2,21
Phenylalanine 3,85 2,87 2,8
Tryptophane 1,44 1,48 1,4

We can see that the amino acid pattern is
sensitive to salt fortification. There was an
increase in lysine and a decrease in valine,
tyrosine, leucine and isoleucine levels in the
biomass obtained when the fungus was
grown in a salt-fortified medium. When com-
pared with the FAO reference protein (7}, the
product is deficient in sulfur-containing
amino acids. However, the levels of these
amino acids in the biomass obtained in this
work is still higher than those reported for
several yeasts and fungi (13).

The present paper investigates the
possibility of obtaining single cell protein
from one residue of cassava leaf protein ex-
tract. The choice of a thermotolerant fungus
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would eliminate expensive steps such as
sterilization and refrigeration and would ab-
breviate the time of fermentation (16).
Besides, the biomass recovery may be carried
out by simple filtration instead of the expen-
sive centrifugation used for the bacteria or
yeasts.
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Summary

Using a spectrophotometric microdetermination of hyaluronidase, hyaluronidase acti-
vities have been found to be associated with purified temperate bacteriophages isola-
ted from 2 strains of Streptococcus pyogenes. The phage-associated enzyme repre-
sented 4 to 8% of the enzyme activity present in phage lysates. Most of the hyaluroni-
dase activity present in the lysates consisted of free enzyme. The 2 phages did not re-
quire additional hyaluronidase to penetrate the hyaluronic acid capsule of the indicator
strain.

Resumo

Hialuronidase associada com bacteriéfagos temperados de Streptococcus pyogenes

Utilizando uma microdeterminacédo espectrofotométrica da hialuronidase, atividades
hialuronidésicas foram encontradas em associacdo com bacteriéfagos temperados pu-
rificados, isolados, a partir de duas cepas de Streptococcus pyogenes. A enzima asso-
ciada ao fago representou 4 a 8% da atividade enzimatica presente nos lisados de fa-
go. A maior parte da atividade hialuroniddsica presente nos lisados, consistia de enzi-
ma livre. Os 2 fagos nao necessitaram da adicéo de hialuronidase para a penetracéo na
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capsula de acido hialurénico da cepa indicadora.

Introduction

The involvement of hyaluronidase in the
infection of Streptococcus pyogenes with
bacteriophages has been well established (6,
7, 9). The apparent function of the phage en-
zyme is to allow penetration of the mucoid
hyaluronic acid capsule of the streptococcal
cell by the bacterial viruses (6, 9). In the
absence of an exogenous source of
hyaluronidase, certain strains of S. pyogenes
that possess a mucoid character are resis-
tant to infection by virulent phages (9),
whereas such strains are generally suscepti-
ble to infection by most temperate bacte-
riophages (6, 10, 11).

In a previous work from this laboratory
temperate bacteriophages released by
strains 'of S. pyogenes upon induction with

mitomycin C were propagated and applied on
an indicator lawn (10). It was observed that
the 2 streptococcal phages produced
crystal clear plaques on the indicator strain in
the absence of added hyaluronidase. This
was probably due to phage hyaluronidase
which is active on host capsular hyaluronic
acid without affecting bacterial viability (6,
11, 12).

The present study was undertaken to
demonstrate that a hyaluronidase activity is
associated with the 2 temperate streptococ-
cal phages. In the study, advantage is taken
of a very sensitive method for detection and
assay of hyaluronidase (1), a method capable
of measuring 10 times less enzyme than has
been reported for the previously most sen-
sitive detection technique (5).

* Portion of thesis submitted by Agnes Marie S& Figueiredo in partial fulfilment of requirement for M.S. degree, Fe-

deral University of Rio de Janeiro.
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Material and Methods

Streptococcal strains and bacteriophages —
The temperate bacteriophages used in the
study were obtained from strains of S.
pyogenes by induction with mitomycin C as
previously described (10, 11). Strain n?
78020 was isolated from the infected skin
lesion of a patient with pyoderma and strain
n?® 78082 was isolated from a throat culture
of a patient with streptococcal pharyngitis.
The Lancefield group A was determined by
using the nitrous acid procedure of El Kholy
(4). The nonlysogenized group A strain
designated as K56 and originally received
from Dr. Kjems {6) was used for the growth
of the bacteriophages and as a standard in-
dicator to prepare lawns.

Bacteriophages were propagated as
previously described (10, 11). Lysates were
cleared from cellular debris by low speed
centrifugation. Thereafter the supernates
were passed through membrane filters (HA
type, 0.45 um pore size; Millipore Corp, Bed-
ford, Mass., U.S.A.). Bacteriophage titers
were determined as reported earlier (11).

Media — Broth for bacterial growth and in-
duction of phages from streptococcal strains
and agar plates for plaque assays of the bac-
tgriophages have been described eisewhere
(10).

Concentration and purification of bacte-
riophages — Bacteriophages were recove-
red from clear lysates by using the
polyethylene glycol concentration method
(13). Phages were purified by layering 1mi of
concentrated lysates on the top of 38ml
linear sucrose gradients {10-50%) prepared
in 10mM Tris-hydrochloride buffer (pH 7.2)
containing 5mM MgCl,  and 150mM NaCl.
After centrifugation for thr at 54,000xg in a
Spinco SW 27 rotor at 4°C, fractions of 1mi
each were coliected. The protein was
located by measuring the absorbance at
280nm, and each fraction 'vas assayed for
phage content. Phages were then dialyzed
overnight at 4°C against 20mM sodium
acetate buffer (pH 5.0} containing 10mM
NaCl before testing for hyaluronidase
activity.

Hyaluronidase assay — The'method used in
this study utilizes a carbocyanine dye for the
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spectrophotometric determination of the en-
zyme activity. It is based on the shift in the
wavelength of maximal absorbance in the
visible spectrum of the dye toward longer
wavelengths (600-650nm) upon interaction
with hyaluronic acid (1). Measurement of the
absorbance of the dye-polysaccharide com-
plex at 635nm allows the estimation of the
extent of substrate degradation and provides
an assay for hyaluronidase activity. The unit
of enzyme has been defined as that amount
of hyaluronidage that results in a 10%
decrease in the absorbance of the dye-
hyaluronic acid complex after incubation of
the polysaccharide for 1hr at 37°C and at pH
5.0; it is equivalent to 0.2 National For-
mulary unit (1)..

In the present study the assay was
modified as follows: portions of purified
phages in 90u | of 20mM sodium acetate
buffer (pH 5.0; reaction buffer) containing
10mM NaCl were added to 10ug of
hyaluronic acid solutions (10u1) and in-
cubated at 37 °C for various times. The reac-
tion was terminated by dilution in 0.9ml of
water  at 4°C. Samples (0.7ml} were
withdrawn, added to 6.3ml of dye (0. 1TmM in
water containing 50% dioxane, TmM acetic
acid and 0.5mM ascorbic acid) and optical
densities were read for measurement of dye-
complex formation at 635nm. The blank con-
tained 63 il of phage, 637 ul of water and
6.3ml of dye. The controls contained (a)
hyaluronic acid and reaction buffer; (b)
hyaluronic acid and bovine testicular
hyaluronidase; (c) purified phage and dye
solution. Assays were performed in
triplicate.

Results

Bacteriophage — associated hyaluronidase
— Incubation of a reaction mixture contain-
ing the temperate phage from strain n’
78020 and hyaluronic acid for 5hr allowed
the assay of 0.86 unit of enzyme. associated
with an amount of phage representing ap-
proximately 4.8 x 104 plaque-forming units.
When the reaction mixture contained
substrate and 1.8 x 104 plaque-forming .
units of the phage from strain n® 78082, one
unit was determined after 5hr incubation at
37°C. Results of control experiments in-
dicated (a) that when hyaiuronic acid was in-
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cubated without phage and then mixed with
dye, no decrease in the absorbance at
635nm could be detected; (b) that substrate
was completely digested by bovine testicular
" hyaluronidase after incubation at 37°C; and
{c) that the temperate phages did not interact
with dye. v

The hyaluronidase activities associated
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phage-associated and free enzyme. After
determination of phage titers and total
hyaluronidase activities present in phage

~ lysates, we calculated from the phage-enzy-
me specific activities (Table 1) that the free
enzyme (non-phage-associated) amounted
to 92-96% of the total hyaluronidase in the
lysates (Table 2).

with both of the temperate bacteriophages .

are compared in Table 1. The phages
possessed relatively high levels of enzyme as
the addition of hyaluronidase in the plates did
not increase the efficiency of plating of the
viral particles. With added hyaluronidase the
enhancement was minor.

Hyaluronidase of bacteriophage lysates —
All of the hyaluronidase present in super-
natants of lysates of both of the temperate
phages was not associated with viral par-
ticles. Table 2 presents the distribution of

Discussion

As first shown by Kjems (6), the lysates
of group A streptococcal temperate
bacteriophages contain hyaluronidase activi-
ty. The enzyme activity was partly bound to
the phage particle (30%) and partly free
{70%) in the supernate of the lysate. In re-
cent studies, a similar proportion of phage-
associated enzyme (25%) was observed (2).

Table 1 — Hyaluronidase associated with temperate bacteriophages of S. pyogenes and the effect of the enzyme on

phage titers

Hyaluronidase

Phage titer {x 10-5)

Bacteriophage *

Specific activity* *

UIPFU* * % U/mg of protein®* ** No added Added
enzyme enzyme
From strain n® 78020 1.8 x 10-5% 588 5.0 5.3
From strain n? 78082 5.5 x 10-5 1480 1.6 2.3

* Obtained after induction with mitomycin C and propagated and assayed on strain K56.
** One unit is equivalent to 0.2 National Formulary Unit (1).

*** PFY, Plague-forming units.

** % * Protein concentrations were determined by using the method of Bradford (3) with crystalline bovine serum

albumin as standard.

***xx Wyaluronidase (bovine tests, Sigma Chemical Co., St Louis, Mo., USA) was added at a concentration of

40 u g/ml in plates.

Table 2 — Distribution of hyaluronidase activity in temperate phage lysates™

Phage-
Total associated Free
Phage hyaluronidase Phage hyaluronidase hyaluronidase
lysate activity titer activity activity
(U) (PFU)* * (U) (U)
From strain n® 78020 12.1 2.6 x 104 0.47 (4%) 11.6 (96%)
From strainn?® 78082 52.8 8.0 x 104 4.4 (8%) 48.4 (92%)

* Cultures of K56 (5ml) were infected {multiplicity of infection, 0.2} with temperate phages and the lysates were
cleared from cellular debris by centrifugation at 8000xg for 30 min. Thereafter the supernates were dialyzed
overnight at 4°C against the reaction buffer, sterilized by filtration and assayed for phage and enzyme content
as described under Material and Methods.

** PFU, Plaque-forming units.
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In confirmation of these previous studies and -

with the use of a different system of
temperate phages, we have shown that a
minor portion (4-8%) of the hyaluronidase
activity present in streptococcal temperate
phage lysates is associated with viral par-
ticles. The 2 temperate phages did not re-
quire the addition of extraneous hyaluronida-
se to the medium for maximum propagation
on the indicator strain K56. This observation
is consistent with the relatively high level of
hyaluronidase associated with the viral
particles.

Mucoidness of Streptococcus pyogenes

is due to hyaluronic acid capsulation, a factor
believed to be of importance in virulence (8,
12) and hyaluronidase associated with strep-
tococcal temperate bacteriophages plays a

References

1. Benchetrit, L.C.; Pahuja, S.L.; Gray, E.D. &
Edstrom, R.D. — A sensitive method for the assay
of hyaluronidase activity. Anal. Biochem.,
79:431-437, 1977.

2. Benchetrit, L.C.; Wannamaker, L.W. & Gray, E.D.
- Immunological properties of hyaluronidases
associated with temperate bacteriophages of group
A streptococci. J. Exp. Med., 149:73-83, 1979.

3. Bradford, M.M. — A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal.
Biochem., 12:248-254, 1976.

4. El Kholy, A.; Wannamaker, L.W. & Krause, R.M. —
Simplified extraction procedure for serological
grouping. of beta-hemolytic streptococci. Appl.
Microbiol., 28:836-839, 1974.

5. Herd, J.K.; Tschida, J. & Motyca, L.C. — Deter-
mination of acyl esterase activity on electrophoresis
membranes and separation from hyaluronidase.
Anal. Biochem., 68:218-226, 1975,

6. Kiems, E. — Studies on streptococcal bacteriopha-
ges. 3 — Hyaluronidase produced by the
streptococcal phage-host cell system. Acta Path.
Microbiol. Scand., 44:429-439, 1958.

7. Maxted, W.R. — Enhancement of streptococcal
bacteriophage lysis by hyaluronidase. Nature {Lon-
don), 170:1020-1021, 1952.

L.C. Benchetrit & A.M. $4 Figueiredo

crucial role in the penetration of the host
mucoid capsule for initiation of phage infec-
tion (2, 6, 9). The studies reported here have
been useful in determining the phage-
associated enzymes in 2 phage-host
systems for use in future studies.

Acknowledgements

This study was supported by grants from
CNPq (Auxilio n® 2222.1749/78) and FINEP
(Convénio 527/CT). We thank Dr. Lewis W,
Wannamabker for the gift of the carbocyanine
dye (catalog n® 2718; Eastman Organic
Chemicals Div., Eastman Kodak Co.,
Rochester, N.Y., U.S.A.).

8. Maxted, W.R. — The influence of bacteriophage on
Streptococcus pyogenes. J. Gen. Microbiol.,
12:484-495, 1955.

9. Niemann, H.; Birch-Andersen, A.; Kjems, E.; Man-
sa, B. & Stirm, S. — Streptococcal bacteriophage
12/12-borne hyaluronidase and its characterization

"as alyase (EC 4.2.99.1) by means of streptococcal
hyaluronic acid and purified bacteriophage suspen-
sion. Acta Pathol. Scand., 84:145-153, 1976.

10. Skiold, S. & Wannamaker, LW, — Method for
phage typing group A type 49 streptococci. J. Clin.
Microbiol., 4:232-238, 1976.

11. Wannamaker, L.W.; Skjold, S. & Maxted, W.R. —
Characterization of bactericphages from nephrito-
genic group A streptococci. J. Infect. Dis.,
121:407-418, 1970.

12. Wilson, A.T. — The relative importance of the cap-
sule and the M-antigen in determining colony form

of group A streptococci. J. Exp. Med.,
108:257-270, 1959.
13. Yamamoto, K.R. & Alberts, B.M. — Rapid

bacteriophage- sedimentation in the presence of
polyethylene glycol and its application to large-
scale virus purification. Virology, 40:743-744,
1970.



Rev. Microbiol. (S. Paulo), 12(4), 1981

Transfer of Inc P-1 drug
resistance plasmids from
Escherichia coli to
Rhizobium japonicum *

Walter Vieira Guimaraes
Arnaldo Chaer Borges
Daison Olzany Silva

& Servio Tulio Alves Cassini

Dept.° de Biologia Geral, Universidade Federal de Vicosa
36570 Vigosa MG, Brasil

Summary

The RK2 and RP4, plasmids of the Inc P-1 group, were transferred from Escherichia
coli to Rhizobium japonicum, in liquid medium, using a 21 hrs/28°C mating regime.
The frequency of plasmid transfer ranged from 1.6 x 10-4t0 5.3 x 10~6 transconju-
gants/donor. The donor ability of R. japonicum R* transconjugants was detected in-
crosses with E. coli after 6 hrs/28°C incubation. All of the R. japonicum R+ transcon-
jugants retained their ability to nodulate soybean roots. These two plasmids presented
great stability in R. japonicum cells and the antibiotic markers were always present
when plasmids were transferred back to £. coli.

" Resumo

‘Transferéncia de plasmidios de resisténcia (Inc P-1) de Escherichia coli para Rhizobium
Jjaponicum

Plasmidios RK2 e RP4, pertencentes ao grupo de incompatibilidade P-1 (Inc P-1), fo-
ram transferidos de Escherichia coli para Rhizobium japonicum em cruzamentos reali-
zados em meio liquido, apds 21 horas de incubagéo, a 28°C. A frequéncia de trans-
miss&o de plasmidios variou de 1,6 x 10-43a 5,3 x 10-6 transconjugantes/doador.
A capacidade doadora dos R+ transconjugantes de R. japonicum foi detectada em cru-
zamentos com E. coli, ap6s 6 horas de incubacédo a 28°C. Todos os transconjugantes
de R. japonicum testados conservaram a capacidade de produzir nédulos em raizes de
soja. Os plasmidios apresentaram grande estabilidade em células de R. japonicum e
conservaram suas marcas genéticas para resisténcia aos antibiéticos, quando nova-
.mente em células de £. coli.
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Introduction

Rhizobium japonicum is the mutualist of
the soybean (Glycine max (L.) Merril) in the
symbiotic process that vyelds nitrogen
fixation.

Traditionally soybean seeds have been in-
oculated with Rhizobium cells, with the idea
that better bacterial inoculants will produce
more effective nodules on the legume roots
and thus, fix higher amounts of nitrogen. To
improve the nitrogen fixing ability of Rhizo-
bium strains, basic studies are prerequisite.

Several workers have studied the gene-
tics of Rhizobium, using transduction,
conjugation and transformation (6, 12, 21).
Conjugation is probably the most suitable
method of gene transfer for establishing
linkage maps in microorganisms (2). Several
plasmids of the Inc P group were transferred
to and from R. leguminosarum, but mobiliza-
tion of chromosomal markers -was not
detected in this bacterium (1). Beringer &
col. (3) demonstrated chromosome transfer

“in R. leguminosarum by R68.45, RP4 and

other plasmids. The RP4 plasmid was not

* This research was supported by Conselho Nacional de Deésenvolvimento Cientifico e Tecnoldgico (Grant
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very _efficient in mobilizing chromosomal
genes in R. leguminosarum but was efficient
in R. meliloti (3, 18). Kiss & col. (16) isolated
an R-prime derivative of R68.45 carrying a
chromosome segment of R. meliloti, and
Johnston & col. (15) transferred chromo-
somal genes between R. leguminosarum and
R. meliloti using the R68.45 plasmid. The
construction of an RP4-prime plasmid by
Jacob & col. (14) did not improve poor chro-
mosomal gene transfer ability of RP4 in R. /e-
guminosarum. Circular maps have beenicons-
tructed for R. leguminosarum and for R.
meliloti (3, 17, 18).

Indigenous plasmids have been detected
in several Rhizobium species (13, 19, 23).
Casse & col. (7) isolated plasmids from most
of the R. meliloti strains tested. They sug-
gested that the amounts of extrachromo-
somal elements in Rhizobium should be
“significant and plasmids could play a role in
the control of nodulating ability. It has also
been suggested that host-range and nitrogen
fixation genes may be plasmid-borne (2, 4,
5). Gross & col. (11) isolated plasmids from
R. japonicum which represented a large
amount of the total DNA in the cell. They
suggested that the differences in plasmid
numbers and mass could be a rapid and
_reliable means of strain distinction.

Many genetic studies have been .con-
ducted with R. leguminosarum and R.
meliloti; however, littie has been done with
R. japonicum. Linkage maps for both of the
former have been determined successfully
but there is nome as yet published for R.

-japonicum. The present work was under- -

taken to study the transfer of RK2 and RP4
plasmids to and from R. japonicum and their
stabilities in that host.

Material and Methods

Isolation of R. japonicum — Healthy and
large size nodules from soybean roots were
washed in tap water and transferred to 95%
alcohol for one minute. These were then
treated with 5 vol. H,0, {22) for 3 min. after
which they were rinsed in sterile water and
individually crushed with sterile microscopic
slide. The macerate was streaked on solid
YEM-HM medium of Cole & Elkan (8) and in-
cubated at 28°C/4-7 days. Typical colonies
were purified and tested for nodule formation
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by inoculation of 3 to 4 sterile soybean
seeds/pot, in vermiculite. The pots were kept
in the greenhouse for 30 days. Nutrient solu-
tion was added every 2 to 3 days.

Spontaneous chloramphenicol resistant
mutants — Rhizobium cells, grown in YEM-
HM broth at 28°C/4-5 days, were centrifu-
ged 7.000 rpm/5 min. and the pellet re-
suspended in a small volume of the same
medium. Then, 0, 1ml of this suspension was
spread on the surface of YEM-HM agar with

304 g/ml chloramphenicol. After 4-7 days

incubation at 28°C the growing colonies

were transferred to the same medium and

tested for nodulation on soybean roots.

Plasmid transfer to R. japonicum — E. coli
J5-3, harboring RK2 and RP4 drug resistance
plasmids, were used as donors. The E. coli
cells grew to log. phase in nutrient broth at
37°C and the R. japonicum in TY broth (1) at
28°C/4-5 days. The crosses were made at a
1:10 ratio (v/v) donor: recipient. The mating
mixture was incubated for 21 hrs at 28°C
without shaking, as recommended by Be-
ringer (1). The selective medium was a mix-
ture of 1:1 VS-NB medium (1) with 50 u g/ml
of chloramphenicol and 50ug/ml of
kanamycin.

Donor abiiity of R. japonicum transcon-
juganis — One-tenth ml of log. phase A.
japonicum R* cells in YEM-HM broth at
28°C, and 1ml of fresh £. coli C600 suspen-
sion in nutrient broth at 37°C, were added to
Tml of YEM-HM medium. After 6 hrs incuba-
tion at 28°C, without shaking, O, 1mi of the
cell mixture was spread on nutrient agar with
50u g/ml kanamycin and incubated at
40°C/24 hrs.

Characterization of R. japonicum R*
transconjugants — After purification of the
transconjugants on selective medium,
several colonies were tested for their abilities
to produce noduies on soybean piants.
These colonies were also tested for their
abilities to grow at 28°C, but not at 40°C, in
YEM-HM medium in the presence of
50 1 g/ml kanamycin.

Transconjugants were transferred to YEM-
HM broth without antibiotic and incubated at

Stahility of R plasmids in R. japonicum — .
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Strains Relevant characteristics * Plasmid Source

E. coli

J56-3 (RK2) Aux— Ap' Kmr Tcr RK2 J. Beringer

J5-3 (RP4) Aux— Ap" Kmf Tcr RP4 J. Beringer

C600 Aux~— —

R. japonicum

w46C Apr Cm' Kms Tcr —_ Vigosa-MG

wWs2C Ap" Cm" Kms Te¢r — Vigosa-MG

W60C Ap' Cm" Kms Tcr — Vigosa-MG

W46CK Ap' Cm® Kmr Tc¢r RK2 J5-3 (RK2) xW46C

W46CP Apr Cmr Knmv Ter RP4 J5-3 (RP4) xW46C

W5B2CK Apr Cm" Km' Ter RK2 J5-3 (RK2) xW52C

W62CP Ap' Cmt Kmr T¢r RP4 J5-3 (RP4) xW52C

W60CK Ap" Cm™ Kmr Tcr RK2 J5-3 (RK2) xW60C

W60CP Ap' Cm' Km' Ter RP4 J5-3 (RP4) xXW60C

* Aux-Auxotrophic;  Ap-ampicillin; Cm-chloramphenicol; Tc-tetracycline; Km-kanamycin; r-resistant;
s-susceptible.

28°C/7 days. After each two successive transfer to W60C strain was 23x and 6x

transfers, O, 1ml of the cell suspension was
tested for growth in kanamycin YEM-HM
broth.

Antibiotics — The antibiotics used
throughout the experiments, and their
sources, were: chloramphenicol, from Carlo
Erba, Lab.; kanamycin, tetracycline, from
Bristol Lab. and carbenicillin, from Pfizer
Quimica Ltda.

Bacterial strains used in the experiments
are listed in Table 1.

Results

Transfer of RK2 and RP4 plasmids to R.
japonicum — The Inc P-1 group R factors
RK2 and RP4, carrying ampicillin, kanamycin
"and tetracycline resistance genes, present in
E.. coli J5-3 strain, were transferred to R.
japonicum in crosses performed in liquid
medium at 28°C/21 hrs without shaking
(Table 2). The frequency of RK2 ptasmid

Table 2 — Frequency of RK2 and RP4 plasmid transfer
from E. coli to R. japonicum

jugants because the original

‘fre_quency of plésmid transfer

R. japonicum

Recipients " Donors
E. coli J5-3 E. coli J5-3
(RK2) (RP4)
transconjugants/donor
W46C 2.1 x 1075 8.3 x 10-6.
. Wb2C - 5.3 x 108 1.6 x 10-5
W60C 1.2 x 10~4

1.6 x 10-4

higher than to W52C and W46C, and of RP4
to WB0C was 10x and 20x higher than to
W52C- and W46C, respectively. The dif-
ference of transfer frequency between RK2
and RP4 in the some strain was about 1x to
3x. The data show that W60C accepted RK2
and RP4 plasmids in hlgher frequencies than

" W5B2C or W46C.

Characterization of the R. japonicum
transconjugants — The introduction of RK2
and RP4 plasmids in R. japonicum produced
transconjugants that were able to grow in
medium with chloramphenicol and ka-
namycin at 28°C, but not at 40°C, as was
expected for R. japonicum transconjugants.
They were also capable of forming typical
nodules on soybean roots (Table 3). The
resistance to ampicillin and tetracycline could
not be tested in R. ‘japonicum transcon-
cells were
already resistant to both antibiotics.

Donor ability of R. japonicum transcon-
Jjugants — R. japonicum t_ransconjugahts
were crossed with E£. coli C600 to test their
donor abilities. Data in Table 4 show that R.
Jjaponicum transconjugants harboring RK2

-and RP4 plasmids were able to transfer them

to E. coli C600. The frequencies of plasmid
transfer were low but the time of mating was

.short. The W4GCK transconjugant, harbo-

ring RK2 plasmid, showed better donor ability
then W46CP a transconjugant harboring RP4
plasmid. The donor ability of W52CK and
W52CP transconjugants presented similar
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Table 3 — Characterization of the R. japonicum transconjugants

R. japonicum ___.. Growth at Growth medium* Soybean
transconjugants 28°C 40°C YEM ~ HM + Km +Cm nodulating
ability
W46CK + - + +
W46CP + - + +
W52CK + - + +
W52CP + - + +
WB0CK ¥ - + "
W60CP + - + +

* YEM-HM growth medium of Cole & Eikan (8).

Table 4 — Frequency of donor ability of R. japonicum
- transconjugants, after 6 hours mating with £. co/i C600

R. japonicum
transconjugants

Frequency of
plasmid transfer

transconjugants/donor

W46CK 2,1 x 10-7
W46CP 1,2 x 10~8
W62CK 4,7 x 10-7
w62CP 5,3 x 10-7
W60CK 2,56 x 10-8
W60CP 1,6 x 10-8

frequencies. W60CK and W60CP also
presented similar donor abilities. Although E.
coli C600 transconjugants were selected in
the presence of kanamycin, the resistance to
ampicillin and tetracycline was also obser-
ved showing that both plasmids passed
through A. japonicum without loss of their
antibiotic markers.

Stability of RK2 and RP4 plasmids in R.
Japonicum — The RK2 and RP4 plasmids
were very stable in R. japonicum cells. After
6 weekly transfers to a non-selective

medium, the R. japonicum transconjugants’

still had the RK2 and RP4 plasmids as ex-
pressed by their resistance to kanamycin.
The transconjugants also retained their abili-
ty to form nodules and their isolation from
30-days old nodules, in growth medium with
kanamycin, indicated the presence of both
plasmids.

Discussion

The present results showed that RK2 and
RP4 plasmids were transferred at relatively
low frequency from E. coli to R. japonicum,
after 21 hrs mating at 28°C, in liquid
medium.

Chromosome mobilization by plasmids
depends on the high frequency of plasmid
transfer from cell to cell. The RP4 plasmid,
one member of the Inc P-1 group with a wide
host-range (9, 10, 20), has been introduced
and has promoted chromosomal gene
transfer with high efficiency in R. melilot,
but not in AR. Jleguminosarum (3, 18);
however, derivatives of R68 plasmid mobili-
zed chromosomal genes in A. lequminosarum
{3).

The difficulty of plasmid transfer to A.

Japonicum could be due to the physiological

state of the cells during mating. Beringer (1)
reported that, in R. leguminosarum, the com-
position of the medium may affect the
growth of the cells and also the frequency of
plasmid transfer. Another possibility may be
related to the presence of incompatible
piasmids in the Rhizobium celis. Recentiy,
several reports (4, 7, 13} revealed the
presence of naturally occurring plasmids in
Rhizobium, including R. japonicum (11).

The donor ability of R. japonicum R~
transconjugants, after 6 hrs mating with £.
coli as recipient, was low, but the transfer of
RK2 and RP4 to R. japonicum required at
least 21 hrs of mating. The R. japonicum
donor ability can probably be increased by
extending the mating time. The shorter time
required for donor ability expression sug-
gests that the difficulties of RK2 and RP4
transfer depends more on the Rhizobium as a
recipient than as a donor. ’

High stability, a common feature of RK2
and RP4 plasmids, was also observed in R.
Jjaponicum cells. It was not determined if
these were integrated in the R. japonicum
chromosome. Integration should help their
stabilization.

Summarily, the results of this research
were: (a) BK2 and RP4 piasmids, {inc P-1
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group) were transferred from E. coli 10 R.
Jjaponicum, after 21 hrs mating, in liquid
medium; (b) the donor ability of R. japonicum
transconjugants was detected after 6 hrs
mating with E. coli as recipient, in liquid
medium; {c) all of the antibiotic markers of
the plasmids were transferred to and from R.
Japonicum; and (d) there was a very high
stability of RK2 and RP4 plasmids in A.
japonicum transconjugants.

Before chromosome transfer can suc-
cesfully be achieved in R. japonicum the fre-
quency of plasmid transfer in intragenic
crosses must be improved by optimization of
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Resumo

Erysipelothrix rhusiopathiae foiisolado de 16 entre 114 bagos de suinos com sintomas
e lesBes de doenca septicémica. Foram comparados 0s seguintes métodos, para a evi-
denciacéo do agente: 1. bacterioscopia direta de impressdes de visceras, em laminas
coradas pelo método de Gram; 2. cultura direta em meio de Packer; 3. inoculacéo dire-
ta em camundongo; 4. enriquecimento em meio ESB (Erysipelothrix Selective Broth); e
5. enriguecimento em caldo BHI (Brain Heart Infusion Broth), a 4°C, por 10, 20 e 30
dias. Os trés primeiros métodos permitiram identificar o agente em, respectivamente,
2,6%, 3,5% e 3,6% dos materiais. Com o uso do meio ESB, a percentagem de isola-
mento foi de 13,1%; com o de enriguecimento a frio, por 30 dias, 12,2%. O meio sele-
tivo ESB foi superior aos demais e técnicas seletivas, pelo maior indice de recuperacao
de E. rhusiopathiae em menor tempo (04 dias), comparado com 32 dias para o método
de enriquecimento a 4°C.

Summary

Comparison of identification methods for detection of Erysipelothrix rhusiopathiae in
swine viscera

Erysipelothrix rhusiopathiae was isolated from sixteen (16) out of one hundred and

fourteen (114} spleen samples of pigs, with symptoms and lesions of a septicernic di-
sease. The following methods were compared to isolate the agent: 1. direct micros-
copy using impression smears of spleen, stained by the Gram’s method; 2. direct cul-
ture on Packer’s medium; 3. direct inoculation in mice; 4. enrichment in ESB medium
{erysipelothrix selective broth, Wood's medium); 5. cold enrichment (4°C) in BHIB
(brain heart infusion broth) for 10, 20 and 30 days. Using the first three methods, the
agent was identified respectively in 2,6%, 3,5% and 3,5% of the materials. Using the
ESB medium, the percentage of isolation was 13,1%; with cold enrichment technique
(30 days}, 12,2%. The ESB medium was superior, for the highest recovery rate of in
the lowest period of time (4 days), as compared with 32 days for the method of cold
enrichment.

Introdugéo
seletivos.

crescimento, em meios de cultura ndo

Erysipelothrix rhusiopathiae é frequente-
mente isolado de suinos doentes ou de porta-
dores sadios. Os quadros clinicos variam de
septicemia aguda a infeccdes cuténeas,
cardiacas ou articulares crénicas (8).

Embora, £. rhusiopathiae ndo seja cultu-
ralmente exigente, ha dificuldades associa-
das a identificacdo, em casos de doencas em
suinos. As principais razdes apontadas sdo o

diminute tamanhoc das coldnias, apds 24 ho-

ras de incubag@o a 37°C, e a freqiiéncia com

que bactérias contaminantes mascaram:seu

As técnicas mais usadas para eviden-
ciacdo da bactéria, em materiais patolégicos,
s8o a bacterioscopia direta de impressdes de
visceras em laminas coradas pelo método de:
Gram (1), cultura direta em meio seletivo de
Packer (4), inoculacédo direta de macerado de
visceras em camundongos (2), enriqueci-
mento em meio liquido seletivo contendo an-
tibiéticos (6) e enriquecimento em caldo nu-
trienie a 4°C por tempo varidvei de 5 a 35
dias, e posterior subcultura em meio sélido
ou inoculacdo em camundongo (3, 7).
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Os resultados tém sido bastante va-
ridveis, sem dados sobre a eficacia compara-
tiva.

O propésito da presente investigagao foi o
de realizar esta comparacdo, através da ten-
tativa de isolamento do E. rhusiopathiae de
bacos de 114 suinos com quadros clinicos e
anatomopatolégicos de doenca septicémica.

Material e Miétodos

Visceras ou suinos de rebanhos, com sus-
peita.de doenca septicémica, foram enviados
ao Laboratério de Patologia Suina, Instituto
de Pesquisas '‘Desidério Finamor'', Guaiba,
RS, no periodo de junho de 1978 a junho de
1979. Os materiais foram remetidos refrige-
rados, sendo processados no periodo maéxi-
mo de 4 dias ap6s a coleta ou mantidos con-
gelados até o exame. Foram usados 114 ba-
cos, correspondendo a 114 ‘diferentes
rebanhos.

Métodos bacteriolégicos

1. Bacterioscopia em [dmina corada pelo
‘método de Gram — Impressdo da superficie
de corte de baco em {&dmina de microscopia,
apos prévia secagem da area a ser impressa
com papel filtro (1) e fixac8do pelo calor e co-
loracédo pelo método de Gram.

2. Cultura direta em meio de Packer — Apds
prévia flambagem com élcool, fragmentos de
baco foram triturados em gral com areia e so-
lucdo fisiolégica estéreis; as suspensdes re-
‘sultantes foram semeadas em placas do
meio de Packer (3). A leitura foi realizada
ap6s incubacéo, por 48 horas a 37°C.

3. Inoculacéo direta em camundongos — O
triturado descrito foi inoculado em orelha de
camundongo previamente escarificada (7).
E. rhusiopathiae foi recuperado, dos animais
afetados, por cultura do sangue do coracéo
em meio de Packer.

4. Enriqguecimento em meio ESB — 0,1ml do
triturado descrito foi inoculado em meio ESB
(Erysipelothrix selective broth), consistindo
de caldo triptose-soro, adicionado de Kana-
micina, Neomicina e Vancomicina (6). Apds
incubacgdo por 48 horas a 37°C, as subcultu-
ras foram preparadas em placas do meio de
Packer. A leitura das mesmas foi feita apds
incubacéo por 48 horas a 37°C.
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5. Enriquecimento por refrigeracdo em meio
BHI — Apbs prévia flambagem com élcool,
fragmentos de baco foram imersos em caldo
BHI (Brain Heart Infusion Broth, DIFCO) e
mantidos a 4°C. Apos periodos de incu-
bacdo de 10, 20 e 30 dias, foram feitas sub-’
culturas em placas do meio de Packer e ino-
culacdo em orelha escarificada de camun-
dongo. ]

Identificacdo das bactérias isoladas — A
identificacdo foi baseada na verificacdo de
caracteristicas culturais, morfolégicas, tinto-
riais, fermentacdo de carbohidratos, pro-
ducdo de H,S e crescimento em gelatina. Os
meios, testes e interpretacdo dos resultados
seguiram as recomendacdes de Wood (7),
com excecdo da prova de detectacdo do
H,S; em vez da modificacdo do meio TSI
proposta por Vickers & Bierer (5), foi usado o
meio ndo modificado de SIM (DIFCO).

Foi realizada também a prova da soropro-
tecdo em camundongo, nos moldes propos-
tos por Wood (7), com antisoro preparado
em coelho contra amostras dos grupos so-
rolégicos A e B. O teste consiste na inocu-
lacdo dos animais com 0,3ml do antisoro, e
agressdo com 0,1ml de caldo com cresci-
mento de 24 horas de E. rhusiopathiae.

Resultados

E. rhusiopathiae foi identificado em 16 dos
114 materiais, através da positividade em

" um ou mais entre os métodos usados (Tabe-

la 1).

Dos seis métodos testados, o enriqueci-
mento em meio ESB e o enriquecimento a frio
por 30 dias {com subcultura em meio de Pac-
ker ou inoculagdo em camundongo) deram
melhores resultados, ndo tendo havido dife-
renca estatistica (para o = 0,05) em relagdo
a recuperacdo da bactéria com o uso das trés
técnicas. .

As 16 amostras de bactérias identificadas
apresentaram caracteristicas culturais,
morfo-tintoriais, bioquimi¢as e ‘crescimento
em gelatina, caracteristicas de E. rhusiopa-
thiae, de acordo com a descri¢cdo de Wood
(7). Com o uso do meio de SIM, ap6s 48 ho-
ras a 37°C, houve nitido escurecimento do
meio, acompanhando, em 1 a 2mm, a zona
de picada, em toda sua extensédo, indicando
a producéo de H,S.
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Tabela 1 — Isolamento de £. Rhusiopathiae de bacos de suinos com o uso de diferentes técnicas

Sem enriquecimento

Com enriquecimento

Meio BHI a 4°C, com Meio BHI g 4°C, com

Material Bacterios- Packer Camun- subcultura em meio posterior inoculacéo
numero copia direto dongo de Packer em camundongo
direta direto ESB -
10 20 30 10 20 30
dias " dias dias dias dias dias
1 — - - POS — - POS - — POS
2 — — - POS - — - —_ — POS
7 — - - POS — - POS — - POS
18 — POS POS — — POS - - POS
27 — — — POS - - — - POS POS
28 e — POS POS - -~ POS . — — POS
41 POS POS — POS — - POS — POS POS
64 POS POS POS POS POS POS POS POS POS POS
65 — - POS POS — - POS — — POS
66 POS POS — POS - — POS — — POS
67 e POS - POS — - POS — — POS
68 — — - POS — - POS — - POS
71 - - - POS - - POS — - -
72 - — — — ~ — POS — — POS
73 - — —~ POS — — POS — — POS
105 - — - POS — — POS — - —
~ = Negativo
POS = Positivo

A prova de soro-protecdo em camundon-
go apresentou 100% de protecdo nos ani-
mais injetados com o antisoro e posterior-
mente agredidos.

Todos os animais ndo protegidos apresen-
taram sintomas de conjuntivite, apatia e pelo
arrepiado, em graus varidveis e morreram no
periodo de 3 a 10 dias, com excecdo da
amostra 71, que produziu infeccdo com sin-
tomatologia reversivel (conjuntivite bilateral
ap6s 5 dias, com regressdo a partir do 7°
dia).

Foi possivel reisolar £. rhusiopathiae em
cultura pura do sangue do coracdo de todos
os. camundongos que reagiram a inoculacéo
experimental do material de campo, seja pela
inoculacdo de material sem enriquecimento,
enriquecido em BHI a 4°C, ou nos animais
testemunhos da prova de soroprotecéo.

Discusséio

Os testes bacteriol6gicos usados permiti-
ram o isolamento e identificacdo £. rhusiopa-
thiae em bacos de suinos infectados. Entre-
tanto, o uso de mais de um teste laboratorial
pode apresentar vantagens por evitar o apa-
recimento de exames com resultados falso-
negativos.

A bacterioscopia direta por impressio de
orgéos, ao contrario do postulado por Barnes

IPRY

& Sorensen (1), ndo permitiu diferenciacéo

facil entre septicemias causadas por E. rhu-
Siopathiae e outros agentes bacterianos. A
presenca de grande nimero de bactérias con-
taminantes, em muitos casos, torna dificil a
decislio sobre a positividade de materiais,
apresentando poucos germes com carac-
teristicas morfo-tintoriais compativeis com
as do £. rhusiopathiae.

A razéo pela qual apenas 4 entre 16 mate-
riais apresentaram isolamento do agente, na
cultura direta de baco, em meio de Packer,
néo pode ser concluida. Uma provavel expli-
cacdo € a possivel presenca de baixos titulos da
bactéria em materiais remetidos para exa-
me. Em tais casos, as técnicas de enriqueci-
mento se tornam indispensaveis, para que a
bactéria atinja nimero detectével, quando da
subcultura em meio sélido. No caso da baixa
percentagem de recuperacéo de £. rhusiopa-
thiae com o uso da inoculagdo direta de ma-
cerado de visceras em camundongo, a
hipétese do tituto bacteriano baixo pode ser
novamente levantada. Além disso, a possibi-
lidade da presenca de bactérias, com baixa
patogenicidade para o animal de laboratorio,
ndo pode ser desprezada: pelo menos uma
das 16 amostras no presente estudo {amos-
tra 71), se apresentou com baixa patogenici-
dade. N :
A andlise do tempo necessario para que o

H I antiafotldAering Anen A
erme a!CGnQaSSQ titulos satisfatdrics, com o

uso do enriquecimento a 4°C, mostrou a ine-

~

ficiéncia do uso de tempo inferior a 30 dias.
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Entretanto, Connel & Langford (3) isolaram o
agente de 30% entre 639 materiais de
suinos aparentemente sadios, usando um
periodo de incubacédo de 7 a 14 dias. Basea-
do nos dados obtidos no presente estudo, é
vélido questionar se, em tempo de incubagao
maior, a percentagem obtida ndo poderia ter
sido aumentada.

Apoés periodo de enriqguecimento a 4°C
por 30 dias, ndo houve diferenca detectavel
entre a recuperacédo de E. rhusiopathiae por
inoculacdo em camundongo ou subcultura
em meio de Packer. Fatores como tempo,
simplicidade e possibilidade de se estar tra-
balhando com amostras ndo patogénicas pa-
ra camundongos, indicam vantagem com o
uso da subcultura em placa sobre a inocu-
lacdo do animal.

Referéncias Bibliograficas

1. Barnes, D.M. & Sorensen, OK — Diseases of swine.
4. ed. Ames, The lowa State University Press, 1975.

2. Castro, A.F.P.; Santa Rosa, C.A.; Troise, C. & Gisso-
ni, R.H. — Isolamento do Erysipelothrix rhusiopathiae
de suinos aparentemente normais abatidos em mata-
douros. Arq. Inst. Biol. (Sdo Paulo), 30:115-118,
1963.

3. Connel, R. & Langford, E.V. — Studies of swine ery-
sipelas. V — Presence of Erysipelothrix rhusiopathiae
in apparently healthy pigs Can. J. Comp. Med.,
17:448-453, 1953.

4, Spears, H.N. — Carriers of swine erysipelas. J.
Comp. Path., 64:152-156, 1955.

137

Em termos de aplicacdo em rotina de
diagnéstico, o uso do meio ESB foi conside-
rado superior aos demais métodos analisa-
dos: além da maior porcentagem de isola-
mento do agente, o tempo menor (quatro
dias comparados com 32 dias do método de
enriquecimento a frio) indicam ser este me-
lhor entre os métodos analisados.
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Resumo

Avaliacdo da resisténcia de camundongos albinos, vacinados com BCG, & infeccéo -
com Yersinia enterocolitica, utilizando-se para este fim as sub-amostras Brasil e Glaxo
da vacina BCG, inoculadas pelas vias subcuténea, intraperitoneal e oral. A inoculacdo
com Yersinia enterocolitica foi realizada pela via intraperitoneal injetando-se aproxima-
damente 500 DL50..0s camundongos vacinados, independente da via utilizada, apre-
sentaram-se tdo susceptiveis a infeccdo por Yersinia enterocolitica quanto os animais-
controle. Entretanto, guando camundongos vacinados pelas vias subcutanea e intra-
peritoneal foram reinfectados com BCG, pela via intraperitoneal, quando era mais in-
tensa a hipersensibilidade tuberculinica, o decréscimo na mortalidade foi significativo
{(p < 0,01). A amostra Glaxo induziu um nivel de resisténcia mais pronunciado do que
o observado com a amostra Brasil.

Summary

Yersinia enterocolitica infection in mice after BCG inmunization

The resistance of white mice vaccinated with BCG to Yersinia enterocolitica infection
was evaluated, using BCG substrains, Brazil and Glaxo, inoculated intravenously, in-
traperitoneally, subcutaneously and orally. Intraperitoneal Yersinia enterocolitica chal-
lenge was done using approximately 500 DL50. Subcutaneous and intraperitoneal in-
fections were applied in the revaccination experiments. Vaccinated mice and the con-
trol group were found equally susceptible to Yersinia enterocolitica infection apart
from the via used. However, when subcutaneous and intraperitoneally vaccinated mi-
ce were reinfected intraperitoneally with BCG, the decrease in the mortality ratio was
found significant {p << 0,01).The Glaxo strain induced a more significant resistance le-
vel than the Brazil strain.

Introducéo

Animais inoculados com BCG tém capaci-
dade aumentada de inibir o crescimento de
microrganismos intracelulares Tacultativos,
incluindo-se ndo sé o bacilo da tubercuiose,
que é taxonomicamente relacionado, mas
também aqueles antigenicamente distintos,
como Salmonella e Lysteria monocitogenes

(16).

Em todas as infecgbes, por microrganis-
mos intracelulares facultativos, a destruicéo
do parasito depende da presenca de
macrofagos ativados nos tecidos. As alte-
rac6es morfoldgicas, enzimaticas e metab(’)l_i—
cas associadas com a ativacdo de macrofa-
gos foram apreciadas em vdrias revisdes (1,
2, 6, 1b). Mecanismos imunoldgicos es-
pecificos estdo envolvidos na ativacdo de
macrofagos (4, 14), através da interagdo de

* Trabalho realizado no instituto de Microbiologia da UFR.J, com recursos do CNPq (Processo 40.0527/79) e FINEP

{Convénio 527/CT).
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populacdes imunologicamente especificas
de linfécitos T com os respectivos antigenos
e liberacdo de substancias farmacologica-
mente ativas (17, 18).

O propésito deste trabalho é avaliar a re-
sisténcia de camundongos vacinados com
BCG a infeccdo com Yersinia enterocolitica.
Foi investigada a influéncia da via de vaci-
nacdo e o efeito da revacinacdo com BCG,
para se determinar se a resposta anamnésti-
ca resulta na eliminacdo mais rapida do
parasito.

Material e Métodos

Animais — Foram utilizados camundongos
albinos de aproximadamente oito semanas
de idade, com peso em torno de 30 gramas,
provenientes do Centro Pan Americano de
Febre Aftosa, Rio de Janeiro, RJ., mantidos
em gaiolas de plastico, com agua e racéo
“‘ad libidum™’.

Amostras — Foram utilizadas as amostras
BCG-Brasil e BCG-Glaxo, recebidas do “'Tru-
deau Institute, Saranac Lake, N.Y., USA"".
As vacinas foram cultivadas a 37°C, em
200mi de meio de Dubos (‘‘Difco Laborato-
ries’’}, contendo ‘“Tween 80’ na concen-
tracdo de 0,02%, para obtencdo de massa de
germes. Ap6s 10-14 dias de incubacdo fo-
ram tomados volumes de 10ml da suspenséo
em frascos tipo penicilina, e estocados a
temperatura de —30°C. Nesta oportunida-
de, foi determinado em cada amostra, o
nimero de unidades vidves (UV/ml), através
de diluicOes seriadas em tampédo fosfato-
gelatina e semeadura em meio de Loewens-
tein Jensen.

Foi utilizada a amostra WA de Yersinia en-
terocolitica, biotipo 2, sorotipo 0:8 (NCTC
10.938) que, apds passagem em animal,
para exaltar a viruléncia, foi testada bio-
quimica e sorologicamente. A seguir, foi cul-
tivada em caldo ‘'Brain Heart Infusion’’ {BHI)
a 25°C, para obtencdo de massa de germes,
sendo a suspensdo resultante dividida em
volumes de 5ml, e preservada em frascos ti-
po penicilina a —30°C. Na oportunidade, de-
terminou-se o ndmero de unidades
viadveis/ml, através da técnica de diluicdo em
série em solucdo salina, e plagueamento em
meio de agar BHI.
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Determinacdo da DL50 da amostra WA para
camundongos albinos inoculados por via in-
traperitoneal {IP) — A determinacdo da DL
50 foi feita em lotes de dez camundongos,
inoculados, respectivamente, com doses en-
tre 10-1 e 10-7 de um inéculo inicial de 2.0
x 108 UV/mi, utilizando-se a via intraperito-
neal. Os animais foram observados diaria-
mente, durante 30 dias, determinando-se as
taxas de mortalidade em fungdo do tempo. A
DL50 foi calculado pelo método de Reed &
Muench (20).

Resisténcia de camundongos vacinados com
BCG & infeccdo com Yersinia enterocolitica
— Dois grupos de 120 camundongos, foram
vacinados pelas vias intraperitoneal (IP), intra-
venosa (IV), subcutanea (SC) e oral (O), com
BCG-Brasil e BCG-Glaxo, respectivamente, uti-
lizando-se suspensbes contendo aproxima-
damente 107 UV/mi. Os animais foram
inoculados por via IP com 500 DL50 de Yer-
sinia enterocolitica, apés 0, 7, 14, 21, 28 e
60 dias da vacinacdo, utilizando-se lotes de
cinco animais para cada via. Foram mantidos
grupos controle ndo vacinados e inoculados
com Y. enterocolitica. Com finalidade de
confirmar a infeccdo por Yersinia enterocoli-
tica, como causa de morte, ou o estado de
portador dos camundongos, foram colhidas
amostras fecais, no interior das caixas, em
intervalos de 4-5 dias a partir da inoculacéo.
O material foi suspenso em solucdo salina
tamponada, e mantido a 4°C, para enriqueci-
mento, durante aproximadamente 10 dias,
guando foi inoculado em agar desoxicolato-
citrato e incubado a 25°C, por 48 horas. As
coldnias suspeitas foram testadas sorologi-
camente, com antisoro especifico (7).

Resisténcia de camundongos vacinados e re-
vacinados com amostras de BCG-Brasil e
BCG-Glaxo & infeccdo com Yersinia entero-
colitica — Dois grupos de 100 camundongos
foram vacinados pelas vias IP e SC com as
duas vacinas, utilizando-se a mesma técnica
descrita no tépico anterior. Cada grupo foi di-
vidido em dois lotes de 50 animais, sendo um
inoculado por via IP com 500 DL50 de Yersi-
nia enterocolitica, decorridos 1, 3,7, 14 e 28
dias da vacinacao. O segundo lote foi revaci-
nado pela via IP, com um intervalo de 14
dias, utilizando-se o BCG homdlogo e a mes-
ma dose inicial. A seguir, os camundongos
foram inoculados 1, 3, 7, 14 e 28 dias ap6s
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Tabela 1 — Determinagdo da DL50 de Yersinia enterocolitica por via intraperitoneal (IP) em camundongos albinos

conc.

Resultados Acumulados

de Y.e. Mortos Sobrev. Mortos Sobrev. Totais % Mortos
107 0 10 0 20 20 0
102 3 7 3 10 13 23,07
103 7 3 10 3 13 76,92
104 10 0 20 0 20 100
105 10 0 30 0 30 100
108 10 0 40 0 40 100
107 10 0 50 0 50 100
76,92 - 50,0 _ 26,92 _ 0.4999

76,82 - 23,07

DL5O = 1024999
DL5O = 3,1 x 103 UV/ml

53,85

a revacinacdo. Foram mantidos para cada
ternpo, grupos controle ndo vacinados e ape-
nas inoculados com Y. enterocolitica.

Os animais foram observados durante o
periodo de 30 dias, determinando-se as ta-
xas de mortalidade em fungdo do tempo, nos
dois experimentos.

Estatistica — As médias aritméticas dos da-
dos obtidos de cinco ou 10 camundongos fo-
ram analisadas estatisticamente pelo teste ¢
de Student, considerando-se como significa-
tivos as diferencas de p < 0,05.

Resultados

DL 50 da amostra WA de Yersinia enterocoii-
tica para camundongos albinos inoculados
por via IP — A Tabela 1 apresenta o nimero
de camundongos mortos e sobreviventes em
totais acumulados. A DLb5O, calculada pelo
método de Reed & Muench, foi de 3,1 x
108 Uv/ml.

Niveis de sobrevivéncia de camundongos va-
cinados com BCG-Brasil e BCG-Glaxo pelas
vias IP, SC, IV e O, e desafiados intraperito-
nealmente com Yersinia enterocolitica
Nas Figuras 1 e 2, observam-se as curvas de
sobrevivéncia obtidas, tomando-se valores
cumuiativos, para os iotes de camundongos
vacinados pelas diferentes vias com as duas
vacinas e inoculados com Yersinia enteroco-
litica pela via IP. As vacinas, independente-
mente da via de administracdo considerada,
ndo mostraram um grau significativo de pro-
tecdo, embora os camundongos inoculados
pelas vias IV e IP sobrevivessem um pouco
mais, quando comparado com o grupo con-

trole ndo vacinado e inoculado com Y.

enterocolitica.

Niveis de sobrevivéncia de camundongos va-
cinados e revacinados com BCG-Brasil e
BCG-Glaxo e desafiados com Yersinia ente-
rocolitica — Os animais apresentaram niveis
de protecdo de 20% e 28% para camundon-
gos vacinados, respectivamente, pelas vias
SC e IP e revacinados pela via IP quando a
vacina utilizada foi a Brasil (Figura3) e 36% e
40% para o BCG-Glaxo (Figura 4). '

Discusséo

O BCG-Brasil é uma das sub-amostras de
BCG mais imunogénicas, em animais de ex-
perimentacdo e inquéritos em criancas, en-
quanto o BCG-Glaxo coloca-se entre as me-
nos ativas (11). A sensibilizacdo pela amos-
tra brasileira € mais intensa do que a conse-
guida com o BCG-Glaxo (5, 12, 19, 22).

O grau de sensibilizacdo tuberculinica va-
ria com a via utilizada na vacinacédo. As ino-
culagdes SC e IP favorecem ¢ desenvolvi-
mento da hipersensibilidade tuberculinica
guando comparadas com as vias IV e O (8,
13). Os nossos resultados correlacionam-se
com esses dados, com a via subcuténea,
destacando-se entre as demais, seguida da
via IP. Os camundongos apenas vacinados
pelas vias SC e IP ndo mostraram nenhuma
resisténcia a infeccdo com Yersinia entero-
colitica, mesmo quando inoculados duas a
guatro semanas apds a vacinacgdo, periodo-
em due a sensibilizacdo, para as duas vaci-
nas, apresenta-se mais intensa. Obser-
vacOes semelhantes foram feitas por Blan-
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Figura 1 — Camundongos vacinados pelas vias {1V, |I5, SC, O) com BCG-Brasil e inoculados pela via IP com Yersinia
enterocolitica
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Figura 2 — Camundongos vacinados pelas vias {IV, IP, SC, O) com BCG-Glaxo e inoculados pela via IP com Yersinia
enterocolitica
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Figura 3 — Camundongos revacinados com BCG Brasil e inoculados pela via IP com Yersinia enterocolitica (grupos
de 5 animais)
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Figura 4 — Camundongos revacinados com BCG-Glaxo e inoculados pela via IP com Yersinia enterocolitica (grupos
de 5 animais)
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den & col. (3) e Smrkovsky & Strickland (23)
para Salmonella typhimurium e esporozoitos
de Plasmodium berghei, respectivamente.
Por outro lado, Senterfitt & Shands (21) veri-
ficaram que camundongos infectados por via
IV com BCG mostraram-se significantemente
(p <0,01) mais resistente a uma inocu-
lacdo IP com Salmonella typhimurium. Essas
discrepancias podem meramente refletir uma
diferenca no grau de estimulagdo antigénica,
pois Blanden & col. (3) verificaram que uma
dose reinfectante de BCG ou uma dose inicial
‘mais elevada em térmos de unidades viaveis,
regularmente produzem alteracdes nas célu-
las peritoneais de camundongos, associadas
com um aumento pronunciado na capacida-
de microbicida. Sabe-se que uma segunda in-
jecdo de BCG produz uma resposta
anamnéstica que resulta numa producdo de
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Resumo

Produtos de termodegradacédo de acucares em pH alcalino. If — Efeito de solucées de
mono-e dissacarideos-fosfato em Escherichia coli

A esterilizacdo a quente de mono-e dissacarideos redutores, na presenca de fosfatos,
em pH alcalino, promove reacbes de caramelizac@o que resultam em uma série de pro-
dutos de degradacdo. Dentre estes, os de natureza aldeidica parecem ser os res-
ponséveis pela diminuicdo da viabilidade de células de £. coli proficientes em reparo de
DNA, quando previamente irradiadas com UV. O efeito das solugdes de sacarideos re-
dutores testados, quando mantidas as condi¢cdes experimentais, é expresso através
de cinéticas de inativagdo cujas caracteristicas sdo similares; durante a incubac&o o
fenémeno é inibido pela presenca de catalase. Com solucdes de-dissacarideos ndo re-
dutores, observa-se uma alteracédo negligenciavel na viabilidade celular, sugerindo que
a geracdo de substancias toxicas pode estar associada a existéncia de, pelo menos,
um grupamento carbonila livre na estrutura do sacarideo.

Summary

The heat sterilization of reducing sugars promotes caramelization reactions in the pre-
sence of phosphates and in alkaline pH, vielding to a lot of degradation products.
Among them, aldehyde-like compounds seem to be responsible for the decrease in via-
bility of UV-irradiated DNA repair-proficient £. coli celis. A positive interaction bet-
ween toxic solutions and UV-irradiation effects is observed in these cells. Ali tested re-
ducing sugars, when experimental conditions remained constant, showed similar inac-
tivation kinetics shape, whose effects were equally inhibited by catalase activity, du-
ring incubation. The effect of non-reducing sugars on cellular viability is negligible,
suggesting that the generation of toxic substances is associated to the presence of at
least a free carbonyl group in sugar structure.

Introduction

Among the common cellular systems
available for photobiology experiments,
Escherichia coli is generally used. This
-bacteria can grow in a chemicaily simpie and
defined medium containing an organic com-
pound (specifically, a sugar) as carbon and
energy source, magnesium, and compounds
such as phosphate and ammonium chloride
or amimonium sulphiate, which assures a buf-
fered medium at neutral pH (13).

During the preparation of these defined
media, the heat sterilization of sugar soiu-

tions sometimes leads to the generation of
substance(s) that is{are) able to interfere in
some microorganism metabolism. Lewis (14)
reported that the growth of some bacterial-
strains could be completely inhibited when
they were cuitivated in media. containing
glucose, maltose, lactose, galactose or
levulose, in the presence of phosphate and a
nitrogen source, whenever these media were
sterilized at 122 °C during 15 minutes. It was
then suggested that this inhibition was due
to the conversion of the nitrogen compound
to a non metabolizable form by some
bacterial strains. Nevertheless, Baumgartner
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(6) verified that this toxic substance was
formed independently of the presence of
nitrogen compounds and its activity was not
associated to the pigments responsible for
the development of the characteristic colour.
Afterwards, Finkelstein & Lankford (10)
detected the inhibition of Vibrio cholerae
multiplication in a medium containing
glucose and phosphate, when sterilized in
autoclave; it was dependent on the pH and
time of sterilization. The ability of reducing
agents as cysteine and compounds as bacto-
peptone and yeast extract, to block this toxi-
city, supported the idea of presence of a car-
bonyl group in the inhibitor(s) factor(s), pro-
bably aldehydic-cémpounds, with a bacteri-
cide and(or) bacteriostatic action.

Alcantara Gomes (1) reported the genera-
tion of a ‘’dark medium’’ whenever agar is
heat sterilized with phosphate in alkaline pH;
he observed the presence of toxic subs-
tances for certain UV-irradiated bacteria,
phage and bacteria-phage complexes. Con-
sidering that agar is an heteropolisacchatide
which generates galactose residues and
sulphate radicals upon hydrolysis, the toxic
effect of this' medium may be related to the
presence of this reducing sugar.

In this paper we describe some aspects as
the pH and radicals presence in mono-and
disaccharides alkaline solutions, as well as
its relationship to bacterial survival.

Material and Methods

Bacterial strain — Escherichia coli K12S (3)
was used in all experiments, for its capacity
of using all tested sugars as energy source
and proficiency in
- lesions.

Culture media and growth — Cells were
grown in M9 medium (2) as previously
described (15), until they reached mid-
exponential phase. For determination of colo-
“ny forming ability, aliquots were properly
diluted in 0.15M NaCl solution and plated on
nutrient agar plates. Colonies were counted
after incubation for at least 16 hours at
37°C, in the dark. '

Uttraviolet irradiation — UV-irradiation and

dosimetry had been carried out as previously -

described (4). Cells were exposed to a UV

repairing UV-induced
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dose enough to reduce to 10% the number
of viable cells in culture (LD,,).

Preparation of sugar-phosphate solutions —
The heat sterilization of the solution of sugar
and disodium phosphate (Na,HPO,), 1M and
1.6M respectively in autoclave for 30
minutes at 120°C, leads to the production of
the sugar-phosphate toxic solution (SPT),
which was used as soon as room tem-
perature was attained (about 5 minutes).
Each of the following mono-and disac-
charides was used: fructose, galactose,
glucose, mannose and lactose, maltose,
sucrose, trehalose.

The control solution (SPC) was obtained
by mixing twicely concentrated autoclaved
solutions. Potentiometric measurements
showed that the addition of either SPT or
SPC into the M9 salts solution caused no
change in the pH.

Inactivation kinetics — UV-irradiated and
unirradiated bacterial cells in M9 salts buffer
were incubated with ten times diluted SPT
solutions (SPT/10) and assayed for lethal ef-
fect by determining the cell viability at
periods of time varying from O to 120
minutes. Incubation was carried out by sha-
king (125 oscilations/min) at 37°C, as
previously stablished for autoclaved glucose-
phosphate solution {15). Controls were per-
formed with diluted SPC solutions (SPC/10).
Similar experiments were carried out in the
presence of catalase, in a final concentra-
tion of O.1mg -of protein/ml (activity:
1520000 1 u/ml).

Characteristics of sugar-phosphate solutions
— The reducing capacity of sugar solutions
was characterized through its positive reac-
tion with the Benedict reagent (17). The
detection of organic peroxides in solution
was done through Lehner reaction (12). All
tested solutions had their pH controlled by

‘potentiometric measurements (model pHN,,

Procyon Instrumentacdo Cientifica para La-
boratérios Ltda., Brazil).

Drugs — Culture media components were
obtained from E. Merck Darmstadt (Ger-
many) and Difco Laboratories (U.S.A.). The
tested sugars were from Reagen Ltda.
{Brazil) and E. Merck Darmstadt (Germany)
also provided disodium phosphate. Catalase
(E.C.1.11.16) was from Calbiochem
(U.S.AL). "
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Results and Discussion

Reducing mono-and disaccharides solu-
tions, whenever heat sterilized in the
presence of phosphate in alkaline pH, pre-
sent a toxic effect upon E. coli K12S cells.
The treatment of bacterial cells with toxic
solutions was carried out in previously
stablished conditions. QOur experimental
system has been chosen based on the fact
that the bacterial strain is able to metabolize
any of the tested sugars, avoiding a possible
starvation during incubation. As can be
observed in Figures 1 and 2, the previous UV
irradiation (60J.m~2) promotes a bacterial
sensitization to the drug, enhancing the toxic
activity.

The final portion of inactivation kinetics
cutves for rradiated cells, treated with
SPT/10, are parallel to the ones obtained
with unirradiated cells. In those curves we
can observe two distinct portions: one at the
first 30 minutes, with an intense inactivation
rate, and another where the rate decreases
and the curve’s shape tends to a plateau, up
to 120 minutes. This decrease could be inter-
preted as a loss of UV-SPT synergism. This
positive interaction is probably due to an ad-
ditional lethal effect between induced DNA
damages by SPT and by enzymatic repair
processes.

nlvy tha An es
¢ tested sugars, only the ones

Amr\nn

Among th
with a free carbonyl group, responsibie for
their reducing capacity (11) are able to exert
lethal effect upon £. co/i K128 cells (Figs. 1,

2 and 3}. Non reducing disaccharides sub-

mitted to the same sterilization conditions,
as previously described, present little toxic

on £. coli K12S cells, as shown in Figure 3;
even this negligible toxicity is inhibited by
catalase activity. The SPC of these disac-
charides does not show any lethal effect on
the tested cells. In Tables 1 and 2 we can
observe some characteristics of the sugar
solutions. Catalase treatment does not
significantly alter the SPC/10 activity on
both irradiated and unirradiated cells (data
not shown).

The chemical characteristics of each
sugar accounts .for the slight differences in
biological effects, although the inactivation

kinetic curves shape is similar and, its toxic-

effect is equally inhibited by catalase activi-
ty, an hydrogen peroxide-oxide redutase. We
may suggest an analogy between the toxic

R.L.C. de Oliveira, P.N. de S& & R.A. Gomes

substance(s) present in SPT/10 solutions
due to the catalase activity, probably
through its similar inhibitory effect upon
peroxides action on bacterial cells.
Whenever a reducing sugar is in water.
solution, it can suffer a series of reactions,
characterized by enolization, fragmentation

. and polimerization, originating yellow and

brown pigments, known as caramels, that
are responsible for the typical solution colour
(16). The sequence of these caramelization
reactions is mainly dependent on the pH,
temperature and nature of reactants. The
fact that non reducing sugars do not
generate toxic solutions is in agreement to
their inability of undergoing typical sugar
reactions.

The observed pH decrease, when sugar

. phosphate solutions are heated (see Tables 1

and 2}, is probably due to the acidic in-
termediates generated during the above
described processes  (18). Generaily,
caramelization reactions occur at a lower

Table 1 — Reducing sugars solutions characteristics

Sugar + - www
Phosphate * Phosphate Sugar

Before

Sterilization 8.5-9.0 9.5 4.5-5.5

After Heat

Sterilization 6.5-7.0 9.5 4.5-5.5
pH

After Filter

Sterilization 8.5-9.0 9.5 4.5-5.8
Peroxide Radicals + - b
Reducing Radicals + - o+ EEEE

Table 2 — Non reducing sugars solutions characteristics

Sugar 4 . waw
Phosphate * Phosphate Sugar
Before
Sterilization 8.0 9.5 5.0
After Heat
Sterilization 8.5 9.5 5.0
pH
After Filter
Sterilization 8.0 8.5 5.0
Peroxide Radicals - - - — REEE
Reducing Radicals - - Frww
* The sugar + phosphate is a water solution of the tested
sugar and disodium phosphate, 1M and 1.5M-

respectively.

* The phosphate solution is 3M, in distilled water.

***  The sugar solution is 2M, in distilled water.

**** Peroxides radicals were characterized through Lehner
assay and reducing radicals were detected through
Benedict reaction.
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rate near the optimal stability pH of each
sugar in solution. Considering that this pH is
3.3 for fructose and 4.0 for glucose, the loss
of structure stability, at alkaline pH, is
greater for the first one (7), which probably
accounts for the greater toxicity of fructose-
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phosphate solutions (Fig. 1). We may sug-
gest that, the greater is the instability of the
sugar in solution, a larger toxic effect upon
bacterial suspensions is verified. '

The components of buffer solutions can
interfere in caramelization reactions, chan-

Figure 1 — Effect of reducing monosaccharides and phosbhate solutions on £. coli K12S cells
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E. coli K128 cells, grown in minimal medium up to 2 x 108 cells/mi, were filtered and resuspended in M9 salts
buffer. Aliquots of the culture were submltted to the following treatments:
(1) Incubation with SPC/10 in a water bath shaker, at 37°C for 120 minutes

(
{
(
(

concentration of 0, 1mg of protein/ml.

QO ) Incubation with SPT/10 under the conditions described above

B8 ) UV irradiation (60 J.m~2) and treatment with SPC/10, as described above

@ ) UV irradiation (60 J.m 2) and treatment with SPT/10, as described above

A ) UV irradiation (60 J.m~2) incubation with SPT/10, as described above, in the presence of catalase, at a final

SPT/10 and SPC/10 were obtained as described in Material and Methods, with disodium phosphate and each of the

following monosaccharides:
(A) fructose; (B) galactose; (C) glucose; (D) mannose.
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Figure 2 — Effect of reducing disaccharides and phosphate solutions upon £. coli K128 cells
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Experimental conditions and symbols are identical to those of Figure 1. The tested solutions were obtained with
disodium phosphate and: i
{A) lactose; (B) maltose.

Figure 3 — Effect of nonreducing disaccharides and phosphate solutions upon £. cofi K1 25 cells
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Experimental conditions and symbols are similar to those of Figure 1. SPT/10 and SPC/10 were obtained as des-
cribed in Material and Methods with disodium phosphate _and: (A) sucrose; (B) trehalose.
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ging the extent of pH influence (16). Englis &
Hanahan (9) showed that, at a constant pH,
the heat transformation of glucose was
greater with increase in phosphate concen-
tration, probably due to a decrease in the ini-
tial structure stability. )

Although the caramelization reaction is
autocatalytic (8), its rate is temperature
dependent. So, filter sterilized solutions
neither present the same characteristics of
SPT (Table 1) nor exert toxic effect upon
bacterial cells (data not shown).

In observing the inactivation kinetics with
non reducing sugars, the little lethal effect
can be justified by the presence of monosac-

charides residues or its generation by partial ’

hydrolysis at alkaline pH. Inhibition of these
effects by catalase activity reinforce this
hypothesis. These results suggest that non
reducing dissaccharides and polisaccharides
would present similar effects as those of
reducing sugars whenever they were
degradated to its monosaccharides consti-
tuents, that are able to undergo carameliza-
tion reaction. As previously suggested (15)
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SPT activity is linked to an activation by O,
or even the development of toxic(s)
substance(s) within the incubation tubes
catalized by O,, which is not observed when
the treatment is held in N, atmosphere.

The main stable products of carameliza-
tion would be aldehydes and enediol struc-
tures, that at cellular level, would act as
previously described for glucose-phosphate
solutions {15). It has long been shown that,
under several experimental conditions, when
oxidizing molecules are available, aldehydes
can form reactive hydroxy-alkyl peroxides
and/or free radicals (5). '
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Resumo

Padronizagdo de método para detectar a producio de pigmento em estafilococos, vi-
sando sua importancia taxondémica. Investigou-se a influéncia, sobre a cromogénese,
do céicio, glicose e leite adicionados, isolados e associadamente, ao meio basico agar
triptona soja {TSA), em condi¢cbes determinadas de tempo e temperatura de incu-
bagdo. As meihores condigdes para pigmentacéo foram obtidas pela adicdo ao TSA de
leite e cloreto de célcio, incubacgdo durante 24h a 37°C, seguida de permanéncia de
mais um dia a temperatura ambiente (+ 20°C).

Summary

Standardization of a method for detecting chromogenesis of staphylococci

A standardized method for detecting pigment production by the staphylococci was de-
veloped on purpose to evaluate its taxonomic value. The influence of calcium, glucose
and milk on chromogenesis was investigated. These substances were added, isolated
and in association, to the basic medium Tryptic Soy Agar {TSA), in determined condi-
tions of time and temperature for incubation. The best conditions for pigment produc-
tion in TSA were obtained by the addition of milk and calcium chloride, incubation for

24h at 37°C followed by one day more at room temperature (* 20°C).

Introducéo

A diversidade de métodos usados na de-
teccdo de pigmentagdo em estafilococos nédo
tem permitido comparar satisfatoriamente os
resultados obtidos por varios autores, oca-
sionando ddvidas quanto a seu valor na iden-
tificacdo dessas bactérias. Por essa razéo,
foi investigada a influéncia de algumas
substancias, adicionadas a meio basico de
cultura, como fator estimulante da producéo
de pigmento, em condicdes determinadas de
tempo e temperatura de incubacdo. A se-
lecéo das substancias foi feita com base em
trabalhos com uso de leite (2,3), carboidra-
.08 {5) e sais de céicio (4).

Material e Métodos

Culturas bacterianas — A partir de 727 cul-
turas de estafilococos, isoladas de diversos
materiais de pacientes do Hospital das Clini-
cas da Faculdade de Medicina da Universida-
de de S&o Paulo, e de portadores nasais e bu-
cais, estudantes da Faculdade de Odontolo-
gia da USP, compreendendo 317 cepas coa-
gulase positivas e 404 cepas coagulase ne-
gativas, foram selecionadas, para estudo, 96
culturas. Esta selegéo foi feita devido a baixa
incidéncia, tanto de cepas coaguiase positi-
gulase negativas cromogénicas, observada
no meio basico agar triptona soja {TSA). Des-
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sas 96 cepas selecionadas, 42 com provas
de coagulase e DNase positivas foram identi-
ficadas como Staphylococcus aureus; das 54
cepas restantes, coagulase e DNase negati-
vas, 37 foram identificadas como Staphylo-
coccus epidermidis por serem sensiveis a no-
vobiocina; as outras 17, resistentes a este
antibiético, foram classificadas como
Staphylococcus saprophyticus (1).

As 42 cepas de S. aureus compreendiam
dois lotes: um constituido de 20 cepas néo
cromogénicas, apresentando coldnias bran-
cas em meio béasico (TSA) e outro, formado
por 22 cepas que produziam pigmento ama-
relo cuja intensidade variava de fraca a forte.

As 37 cepas de S. epidermidis compreen-
diam um lote de 30 cepas n&o cromogénicas
no meio basico e outro de sete produzindo
pigmento amarelo fraco.

As 17 cepas de S. saprophyticus néo
apresentavam pigmentacdo no meio basico.

Meios de cultivo — Agar triptona soja (TSA-
Difco) foi adicionado isolado e associada-
mente, das seguintes substancias: 0,15% de
cloreto de célcio, 1% de glicose e 10% de
leite (preparado a partir do leite em p6 desna-
tado). Os testes de cromogénese foram fei-
tos, simultaneamente, nos seguintes meios
distribuidos em placas: TSA (meio bésico);
TSA + calcio; TSA + glicose; TSA + leite;
TSA + célcio + glicose; TSA + célcio + lei-
te; TSA + glicose + leite e TSA + célcio +
glicose + leite.

Semeadura e cultivo — As semeaduras fo-
ram feitas por estrias radiais, reservando o
centro das placas para os controles: um posi-
tivo (S. aureus, com pigmentacdo amarela
forte) e outro negativo (S. epidermidis, cepa
ndo cromogeénica). As placas foram incuba-
das a 37°C por 24h e, em seguida, mantidas
4 temperatura ambiente {(£20°C) durante 9
dias.

Avaliacdo dos resultados — Foram feitos
exames diariamente, durante 10 dias, com o
seguinte critério para a avaliacdo da cro-
mogénese das cuituras: ndo pigmentada
(branca) — ; amarelo fraco + ; amarelo
médio + + ; amarelo forte + + + e laranja
+ + + 4.

Resultados

Provas de cromogénese dos estafilococos
que nédo pigmentaram no meio basico — Os
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resultados obtidos com as 20 cepas de
Staphylococcus aureus ndo cromogénicas
no meio basico (TSA) estédo apresentados na
Tabela 1 e expressam o numero de cepas
que apresentaram pigmentacdo do 1° ao
10° dia de observacdo. Dessas 20 cepas,
uma produziu pigmento no meio TSA +
célcio e trés pigmentaram no meio TSA +
glicose, a partir de -24h de incubagéo; nos
meios TSA + calcio + glicose, TSA + glico-
se + leite e TSA + célcio + glicose + leite
quatro cepas pigmentaram a partir de 24h de
incubacdo; no meio TSA + leite houve pig-
mentacdo em quatro cepas ap6s 24h, em
seis do 2° ao 4° dia e em sete cepas a partir
do 5° dia de observacdo; finalmente, no
meio TSA + célcio + leite ja se manifestou a
pigmentacédo em seis cepas ap6s 24h de in-
cubacdo a 37°C e, ap6s permanéncia de
mais um dia 4 temperatura ambiente, nove
cepas se revelaram cromogénicas.

‘ Tabela 1 — Numero acumulado de cepas de S. aureus que

pigmentaram, de acordo com o meio de cultura {Total de 20
cepas ndo cromogénicas no TSA)

Dias de
Meios~observagdo {1 {2 |3 |4 |5 |6]7 |88 |10
de cultura
TSA + C T e T e T O I O B OO |
TSA + G 313{3{3|3({3|3}|3|3]3
TSA + L 4116|6617 (7|71717|7
TSA + CG 41414 |4(4j4|4|4]|a] 4
TSA + CL 6|19|/9/9{9|9|9}9/9|9
TSA + GL 414|414 (414|444 4
TSA + CGL 4414441414414 4
TSA = meio bésico
C = célcio
G = glicose
L = leite

A Tabela 2 mostra os resultados obtidos
com as 30 cepas de Staphylococcus epider-
midis ndo cromogénicas no meio basico
(TSA). Dessas, nenhuma apresentou pig-
mentacdo no meio TSA + calcio; uma cepa
produziu pigmento, a partir de 24h de incu-
bacdo nos meios TSA + glicose, TSA +
céalcio + glicose, TSA + glicose + leite e
TSA + calcio + glicose + leite; no meio
TSA + célcio + leite, uma cepa pigmentou
apés 24h, duas cepas mostraram pigmen-
tacdo do 2° ao 4° dia e, a partir do 5° dia de
observacdo, quatro cepas apresentaram cro-
mogénese. No meio TSA + leite, quatro ce-
pas manifestaram pigmentacdo apds 24h de

“incubacdo a 37°C seguida da permanéncia

de mais um dia & temperatura ambiente.
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Tabela 2 — Numero acumulado de cepas de S. epidermidis
que pigmentaram, de acordo com o meio de cultura (Total
de 30 cepas ndo cromogénicas no TSA)

Dias de
bservacdo

~.
Meios

de cultura

-
N
w
B-N
o1
o
~
®©
©
ey
[=]

TSA + C
TSA + G .
TSA + L

TSA + CG

TSA + CL
TSA + GL

slmial=]ol-lo
=i I N == O
= N = s =] O
SR = (=] O
—lalal=lal=lo
I EN R Y K-}
—lalnlaiplalo
wlwib|-|&l-lo
wlwlnl=|pal-]o
N Y ) R [ N R )

TSA + CGL

TSA = meio basico
C = célcio
G = glicosé

© L= leite

Com relagdo as 17 cepas de Staphylococ-
cus saprophyticus nao cromogénicas no
meio basico (TSA), houve, nos meios enri-
quecidos, pigmentacdo de uma a duas ce-
pas, com intensidade que varioude + a + +.
Os meios em que houve pigmentacio so de
uma cepa foram o TSA + calcio a partir do
52 dia e 0 TSA + leite a partir do 2° dia de
prova. A pigmentacdo de duas cepas foi ob-
servada a partir do 5° dia de observac#o nos
meios TSA + glicose, TSA + célcio + glico-
se, TSA + glicose + leite, TSA + célcio +
glicose + leite e TSA +_caicio + leite, sendo
que neste Gltimo meio uma das duas cepas
reveiara-se cromogénica ja4 no 2° dia de
observacéo. ’

Provas de cromogénese dos estafilococos
que pigmentaram no mejo bésico — Estas
provas foram feitas com cepas de Staphylo-
coccus aureus e de Staphycoccus epidermi-
dis. Os resultados foram lidos apés incu-
bacdo de 24h a 37°C seguida de per-
manéncia de mais um dia & temperatura am-
biente. A Tabela 3 mostra o comportamento
de 22 cepas de Staphylococcus aureus cro-
mogénicas no meio basico, distribuidas pelos
graus de pigmentacdo apresentados nos
meios utilizados. Verificou-se que, no meio
basico (TSA) e no meio TSA + calcio, o grau
de pigmentacdo variou de + a + + +; nos
meios TSA + leite e TSA + célcio + leite, a
pigmentacdo variou de ++ a ++ + + e,
nos meios adicionados de glicose, certas ce-
pas apresentaram pigmentacio de + 2
++ +, enquanio outras ndo revelaram
cromogénese.

H. Ashcar & W. Tavelin

Tabela 3 — Distribuicdo do nimero de cepas de S. aureus
que pigmentaram, de acordo com o meio de cultura e os
graus de pigmentacdo (Total de 22 cepas cromogénicas no
TSA)

Meios
TSA | TSA [TSA | TSA | TSA | TSA | TSA | TSA
C G L ]CG|CL]GL |CGL
Pigmentagéo
+ 4+ + + (¢} 0 o |10 o] 9 0 0
+ + + 919 2 8 9 0
+ + 9 |10 4 4 4 5
+ 4 3 |13 0 |15 0 113 |13
- 0 0 6 o] 5 o] 4 | 4
TSA = meio basico
C = célcio
G = glicose
L = leite

Com relacdo as culturas dé Staphylococ-
cus epidermidis, a Tabela 4, do mesmo modo
que a anterior, mostra a distribuicio de sete
cepas, pelos graus de pigmentacdo apresen-
tados nos meios empregados. Verificou-se
que, no meio basico (TSA), a pigmentacéo
de todas as sete cepas foi +; no meio TSA +
célcio o grau de pigmentacdo variou de + a

.+ +; nos meios TSA + leite e TSA + célcio

+ leite, a variacdo foi de + a + + +; final-
mente, nos meios adicionados de glicose,
certas cepas apresentaram pigmentacdo va-
riandoc de + a + +, enquanto outras nio re-

“velaram cromogénese.

Tabela 4 — Distribuicdo do numero de S. epidermidis que
pigmentaram, de acordo com o meio de cultura e os graus
de pigmentacdo (Totai de 7 cepas cromogénicas no TSA)

Meios
[TSA | TSA | TSA | TSA | TSA | TSA [ TSA | TSA
C G L CG| CL | GL |CGL
Pigmentacao
+ o+ + o+
+ + +
+ o+

+

OiIN|jOlO| O
O|ld|lw|OlO
-l = O] O
QlWiNnIN|O
®»iI=1 00O
o|N|(m(=O
WIWI=]10] 0O
NIp| =0 O

TSA = meio basico
C = célcio

G = glicose

L = leite

Discusséo

Os resultados obtidos com as 20 cepas de
Staphylococcus aureus (Tabela 1), que ndo
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pigmentaram no meio basico (TSA), revelam
que a adicdo de célcio, glicose e leite, isola-
dos ou associadamente, estimulam a cro-
mogénese de numero de cepas, que varia
conforme as substidncias adicionadas. O
meio que apresentou melhores resultados foi

. Paulo), 12(4), 1981

TSA + célcio + leite, no qual se revelaram -

cromogénicas seis cepas apds 24h de incu-
bacdo a 37°C e nove cepas, ap6s per-
manéncia de mais um dia & temperatura am-
biente (+20°C). Dos meios restantes, des-
tacou-se 0 TSA + leite no qual observou-se
cromogénese de quatro cepas apés 24h de
incubacgd@o e de seis cepas no 2° dia de ob-
servacdo. Esses resultados indicam, que o me-
nor tempo recomendavel de leitura para a
prova de cromogénese de S. aureus é de dois
dias, isto ¢, incubac&o de 24h a 37°C segui-
da de permanéncia de mais um dia & tempe-
ratura ambiente. Nestas condicdes, verifi-
cou-se que, no meio TSA -+ célcio + leite,
45% das cepas de S. gureus foram estimula-
das e revelaram-se cromogénicas, enquanto
que, no meio TSA + leite, a pigmentacéo foi
manifestada por 30% das cepas.
-Analisando-se os resultados obtidos com
as 30 cepas de Staphylococcus epidermidis
(Tabela 2), que ndo pigmentaram no meio
bésico TSA, verifica-se também que os
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meios que mais estimularam a pigmentacéo
foram os adicionados de leite e de célcio +
leite, porém em propor¢cdo muito menor do
que a observada com as cepas de S. aureus.
Com efeito, comparando-se, nas Tabelas 1 e
2, os resultados do 2° dia de prova, no meio
TSA + célcio + leite, verifica-se que apenas
duas cepas de S. epidermidis, ou seja, 6,6%,
revelaram-se cromogénicas, enquanto que
para a espécie S. aureus o estimulo da cro-
mogénese ocorreu em 45% das cepas.

Por outro lado, os resultados da Tabela 3
mostram que os graus de cromogénese,
apresentados no meio TSA + célcio + leite,
pelas cepas de S. aureus;, em sua maioria,
mais intensos do que no meio béasico (TSA),
variando de + ++ a + + + +, enquanto
que, para as cepas de S. epidermidis {Tabela
4), avariacdo foi geralmente de + a + +; es-
sas tabelas mostram também que a adicdo
de glicose provoca um decréscimo ou até ini-
bicdo da cromogénese de certas cepas des-
sas duas espécies de estafilococos.

Finalmente, apenas duas das 17 cepas de
Staphylococcus saprophyticus revelaram
pigmentacdo de + a + +, no meio TSA +
célcio + leite, mostrando comportamento
semelhante ao das cepas de S. epidermidis e
diferente ao das cepas de S. aureus.
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genesis in Micrococcus pyogenes. Tex. Rep. Biol.
Med., 14:74-78, 1956.

5. Sevag, M.Gb. & Green, M.N. — The role of carbohy-
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Summary

Fifty eight strains of beta-hemolytic streptococci were recovered from pharyngeal cul-
tures obtained from 80 apparently heaithy children. The overali carriage rate of he-
molytic streptococci was 59%. All but five of the 58 strains were identified to species
on the basis of biochemical tests and serological procedures. Non-group A isolates (34
strains) predominated over group A strains (19 isolates).

Resumo

Distribuicdo de estreptococos beta hemolitico em material de orofaringe de criancas
normais em Araraquara SP, Brasil

Cinquenta e oito amostras de estreptococos beta hemolitico foram isoladas a partir de
material de orofaringe obtido de 80 criancas aparentemente sadias. A taxa total de
portadores de estreptococos hemolitico foi de 59%. Das 58 amostras, 53 foram iden-

ifi { A i i H Areld csta o Ao oo
tificadas a nivel de espécie com base em testes bioquimicos e sorolégicos. As amos-

tras de outros grupos soroldgicos {34 estirpes) predominaram sobre as estirpes do gru-

po A {19 amostras).

Introduction

~ Additional information has been published
on pharyngitis caused by beta-hemolytic
streptococci and throat carriership of various
streptococcal serogroups in tropical and sub-
tropical countries (8, 18). The information
available in Brazil indicates that the
prevalence of throat carriers of group A and
non-group A organisms is as common as in
temperate areas (3, 17, 20).

We report here the distribution of various
serogroups of hemolytic streptococci in
pharyngeal specimens obtained from ap-
parently healthy children. Various tests are
used for presumptive identification of strep-

H Al fialdA ALtAS Ara
tococca! isolates and Lancefield groups are

confirmed or determined by serological
procedures.

Material and Methods

Specimens — Specimens were obtained
from healthy children in a child care center
during the period August to December 1979.
The age of the children ranged from 8 mon-
ths to 11 years. There were 35 females and
45 males. The children played together. A
number of these children attended school
and spent only half a day in the center Nossa
Senhora do Carmo, Araraquara, SP, Brazil.
Two pharyngeal swabs were obtained
from each individual and immediately
cultured. Each child was cultured only once.

Processing of cuitures — One swab was mi-
Xed writh 1l Af TnAA“L-Io\uitt brcth (QQI D:-

vision of Becton, Dickinson and Company,
Cockeysville, Md., USA). Half of the broth
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was transferred into 10ml of medium con-
taining 5% sheep blood, 0.1% agar (Difco),
crystal violet (0.5 ug/ml) and sodium azide
{0.2mg/ml; 20). The other half of the broth
was transferred into 5ml of a selective me-
dium for group B streptococci containing 5%
sheep blood, gentamicin sulfate (8 ujg/mi)
and nalidixic acid (15ug/ml; 2). Incubation
of the 2 media was for 24hr at 37°C in nor-
mal atmosphere. Each medium was then
streaked on Trypticase agar plates contai-
ning 5% sheep blood. Plates were incubated
for 24hr at 37°C. One plate was incubated in
a candle extinction jar and the second was
incubated in a Gaspak anaerobic jar (BBL).
The second swab was rolled on blood agar
plates which were then streaked for.isolation
and incubated as described above.

Suspicious beta-hemolytic colonies were
subcultured in Thioglycollate medium (BBL)
for further identification ‘and Gram stains
were prepared from these subcultures.

Identification of streptococci — Presumptive
identification of beta-hemolytic streptococci
* was performed using the following pro-
cedures: (a) Susceptibility to bacitracin by
using the disk method (14); (b) CAMP test.
The method was the standard CAMP test
{7); (c) Growthin 6.5% NaCl broth (10); (d)
Hippurate hydrolysis. The ferric chioride
reagent was used-to detect benzoic acid (1,
11); (e) Esculin reaction. Esculin hydrolysis
‘was determined as described by Facklam
(10); (f) Methylene blue medium contained
13% instant dry milk and 0.1% dve (10). All
tests were read after overnight (16 to 18hr)
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incubation at 37°C in normal atmosphere.
The NaCl tolerance test was incubated
aerobically at 37°C for 2 days.

Definitive identification of the streptococ-
cal isolates was performed by serological
grouping after extraction of the carbohydrate
antigen. with nitrous acid (9). Streptococcal
grouping antisera were produced in our
laboratory. :

Results

One hundred and sixty swabs were
cultured from the 80 children. Fifty eight
beta-hemolytic streptococci were recovered

- from 47 (59%) of these. Of the 58 strep-

tococcal isolates, 19 (32,8%) were group A,
6 (10.4%) group B, 5 (8.6%) group C and 23
{39.6%) group G. Five isolates (8.6%) could
not be grouped. No beta-hemolytic group D
streptococci were recovered.

The reactions obtained with the strep-
tococcal isolates are listed in Table 1. Two
group A strains were resistant to bacitracin,
reacted negatively in CAMP, methylene blue
and esculin tests and did not grow in NaCl
broth. They were presumptively identified
as non-group A, B or D and serologically,
grouped by the El Kholy procedure (9). Only
strains which reacted positively in CAMP
tests and hydrolyzed sodium hippurate were
group B. Three isolates grew in NaCl broth
and were presumptively identified correctly
as group B by resistance to bacitracin,
positive reaction in CAMP tests, hydrolysis’

Table 1 — Biochemical and physiological characters of 58 strains-of beta-hemolytic streptococci

N? of Susceptibility CAMP  Hippurate Methylene Esculin .Grgvgtot; Presumptive Lan(ieﬂ.eldl
strains baciEc?acin test hydrolysis blue " hydrolysis mNa'CI ° identification sergigggca
17 +* - ND** - - - A A
2 — - ND — — - Non-group A, A

BorD
3 - + + - - + B B
3 - + + - - - B B
5 - - ND - - - Non-group A, C
BorD
23 - - ND - ~ - Non-group A, G
BorD
5 - - ND - - - Non-group A, NG***
BorD

* 4+ = Positive reaction in CAMP or hippurate tests, susceptibility to bacitracin or growth in NaCl broth; — =
negative reaction in CAMP, methylene blue or esculin tests, resistance to bacitracin and no growth in NaCl

broth
_** ND = Not done
*** NG = Non-groupable.
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Table 2 — Age and sex distribution of children with throat cultures positive for beta-hemolytic streptococci

Sex
N¢ of children

Age range (year)*

Female

Male 0-5

6-11

80 35

45 36(45)**

38(47.5)

* Age not available on 6{7.5%) children

** Number of children with streptococci in pharyngeal specimens (per cent).

of hippurate and negative reaction in esculin
medium. The serological group of these 3
isolates was confirmed by precipitin tests
with nitrous acid extracts.

There was a greater recovery of hemolytic
streptococci (40 strains) from specimens ob-
tained during the winter months. The
recovery of group A strains demonstrated a
variation with 17 of the 19 strains isolated
during the winter months. Patients in the age
group 6 to 11 years had the highest number
of streptococcal isolates (30 strains). The
age and sex of individuals with hemolytic
streptococci are summarized in Table 2.

Groups A and G streptococci were
isolated from the pharyngeal specimens of
12 and 16 children respectively. Simulta-
neous carriage was found in 10 children. Se-
ven of them were carrying a group A strain
and a group G (4 children), a group B (2 chil-

dren) or a non-groupabile strain (1 child). One’

child was carrying 1 group B, 1 group C and
1 group G strain.

Discussion

Young children have been reported to har-
bor commonly group A streptococci on
throat cultures (5, 16). The recovery of S.
pyogenes has been shown to be 2 to 3 times
more frequent from pharyngeal specimens

obtained from children than from specimens .

obtained from aduits (16). It has also been
shown that recovery of group A streptococci
from throat swab specimens fluctuates with
a higher incidence during the winter and ear-
ly spring (12, 15, 16). Prevalence of non-
group A streptococci in pharyngeal cultures
has been shown to vary (13, 16, 20) and the
significance of these non-group A strep-

tococcal isolates is unclear. Group C and G .

have been recovered from chilidren with
clinical evidence of pharyngitic (4, 19),

In a survey among healthy rural school
children of Ribeirdo Preto (SP, Brazil) 23%

were found to harbor group A streptococci,
8% group C and 8% group G (20}.

We report here the occurrence of 4
serogroups of beta-hemolytic streptococci in
pharyngeal cultures in an apparently healthy
pediatric population. Groups B, C and G
streptococci predominated over group A
streptococci. This result is consistent with
previously reported studies from developing
countries (3, 8, 18). It is apparent from this
study that when serological grouping is not
available, the bacitracin test and either the
CAMP or hippurate test may be used for
presumptive identification of group A and B
streptococci. Definitive serological grouping
remains the method of choice for determina-
tion of group C and G which are also present
in the throat.

it was apparent from the observations we
made during this study that anaerobic in-
cubation was superior over aerobic incuba-

“tion for detection of beta-hemolytic strep-

tococci in primary throat cultures when
blood plates were swabbed with throat swab
specimens. Sensitivity for isolation of strep-
tococci was also increased with the use of
enrichment media {2, 20). Specificity of the
media however was maintained. The use of -
media and techniques which provide a
significant degree of anaerobiosis (20} will
thus result in maximum sensitivity for reco-
very of beta-hemolytic streptococci from
throat cultures.
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Resumo

Soros de 1174 bovinos, de 10 rebanhos leiteiros do Estado do Rio de Janeiro, foram
testados para anticorpos contra o virus de papilomatose bovina, utilizando-se a micro-
prova de imunodifusdo em agar. A especificidade das reacbes foi confirmada quando
grupos de particulas virais foram observados nas linhas de precipitacédo, pela micros-
copia eletrénica. Anticorpos de origem materna foram demonstrados em 18,3% dos
bezerros, menores de trés meses de idade, enquanto que anticorpos sé foram demons-
trados em 2,0% dos bezerros, entre quatro e seis meses de idade. Anticorpos também
foram demonstrados em 21,5% dos bezerros, entre sete e 12 meses de idade; em
25,0% dos animais, entre 13 e 18 meses de idade; em 21,2% dos animais, entre 19¢e -
30 meses de idade; em 23,7% dos animais, entre 31 e 48 meses de idadee em 23,1%
dos animais, maiores de 49 meses de idade.

Summary

Bovine papilloma virus antibodies in the State of Rio de Janeiro

One thousand one hundred and séventy—four bovine sera, obtained from 10 dairy farms
in the State of Rio de Janeiro, were tested for antibodies to bovine papilloma virus
using the agar gel microimmunodiffusion test. The specificity of the reactions was
confirmed when, wupon examination with the electron microscope, clusters of bovine
papilloma virus were found in the precipitation lines. Maternally-derived antibodies we-
re demonstrated in 18.3% of the calves younger than three months of age, while anti-
bodies could only be shown in 2.0% of the calves between four and six months of age.
Antibodies were also demonstrated in 21.5% of the animals between seven and 12
months of age; in 25.0% of the animals between 13 and 18 months.of age; in 21.2%
of the animals between 19 and 30 months of age; in 23.7% of the animals between
31 and 48 months of age and in 23.1% of the animals older than 49 months.

Introducio

C.H. Romero, A.A. Aguiar, S.R.S. de Andrade, C.A. Rowe & A.G. da Silva

se bovina (VPB), parece estar bem dissemi-

A papilomatose bovina é uma neoplasia,
de curso benigno, caracterizada pela apa-
ricdo de fibropapilomas cuténeos (10) e de
tumores fibromatosos, no genito-
urinario (3). A neoplasia é de etiologia viral

(5) e 0 agente causal, o virus da papilomato-

e e
Luaww

nado na natureza, atingindo principalmente
bovinos jovens (9). A papilomatose pode ser
prevenida pela vacinacdo, com homogena-
dos de papilomas, inativados com formalina
{2). Esta vacinacdo estimula a aparigdo de
soro-precipitinas, as quais sdo detectadas
pela prova de imunodifpséo (8}). Porém, o sig-
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nificado destes anticorpos em relacdo a imu-
nidade contra o VPB é ainda discutivel {1).

No presente trabalho, apresenta-se os re-
sultados sobre a prevaléncia de anticorpos
contra o VPB em bovinos, de varias faixas
etarias, ndo vacinados contra a papilomato-
se, de alguns rebanhos leiteiros do Estado do
Rio de Janeiro.

Material e Métodos

Soros — Os soros foram obtidos, de sangue
coletado da veia jugular ou da veia mamaria,
por puncéo direta com agulha, clarificados por
centrifugacé@o e armazenados a —~ 20°C.

Antigeno — O antigeno, utilizado na prova de

imunodifusdo de Ouchterlony, foi preparado

a partir da porcao epitelial de papilomas, obti-
dos de bezerros naturalmente infectados. Os
papilomas foram removidos, utilizando-se
pinca e tesoura, colocados diretamente em
solucdo de partes iguais de glicerina neutra e
tampéo fosfato-salino (TFS), pH 7,3 e arma-
zenados a 4°C.

No dia da prova, preparou-se uma sus-
pensdo a 25% dos papilomas em TFS,
utilizando-se areia estéril como abrasivo. A
suspensdo foi centrifugada a 2500rpm, du-
rante 10 minutos, em centrifuga refrigerada
e o sobrenadante utilizado como antigeno,
na prova de imunodifusdo para o VPB.

Soro padrdo — O soro padrdc foi obtido de
uma bezerra, naturalmente infectada com
grande nimero de papilomas cutaneos. Este
soro reagia, formando uma linha de precipi-
tacdo, com o antigeno preparado com a parte
epitelial dos papilomas, utilizados neste
trabalho.

Prova de imunodifusdo — A microprova de
imunodifusdo, previamente descrita para o
VPB (8), foi utilizada com pequenas modifi-
cacdes. Seis laminas de vidro foram coloca-
das em um suporte de plastico para imunoe-
letroforese e os contornos das laminas lacra-
dos com uma suspensdo'de agara 0,2%. Lo-
go, foram colocados, em cada uma das suas
divisbes do suporte plastico, contendo trés
laminas, cada uma, 15ml de uma suspenséo
a 0,8% de agar purificado (Difco Labs., De-
troit, Ml, USA). Depois da solidificacdo do
agar, as laminas foram mantidas em cdmara
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Gmida, a 4°C, no minimo 24 horas, antes do
uso. Foi adotado o padrdo hexagonal, com
um orificio central e seis orificios periféricos,
todos de 3,5mm de didmetro e 3,5mm

-equidistantes um do outro. O antigeno, con-

tendo o VPB, foi colocado nos orificios supe-
rior, central e inferior, e os soros a testar, co-
mo o soro padréo, colocados nos orificios pe-
riféricos. As provas foram realizadas a tem-
peratura ambiente e a leitura final feita ap6s
72 horas. Os soros, que produziram linhas de
precipitacdo continuas as do soro padrio, fo-
ram considerados positivos.

Microscopia eletrénica — Para confirmar a

especificidade da microprova de imunodi-

fusdo, foi aspirado, com pipeta Pasteur, ma-

terial das linhas de precipitacdo no agar e co-

locado sobre a grade, por um a dois minutos.

Logo apés a retirada do agar, as preparacdes

foram coradas com &cido fosfotingstico a
2% e examinadas sob microscopio eletréni-

co Philips EM 301.

Coleta de dados — Sé foram utilizadas amos-
tras obtidas de rebanhos que possuiam da-
dos referentes a idade dos bovinos. A maio-
ria dos animais testados pertencia as racas
Holandés Preto e Branco, Holandés Verme-
tho e Branco, mesticos da raca Gir e alguns
bovinos da ragca Guernsey.

Ainda que nenhum dado quantitativo so-
bre a ocorréncia de papilomas fosse dis-
ponivel, papilomas cutédneos foram observa- -
dos em alguns animais, em quase todos os
rebanhos testados.

Resultados

O antigeno e o antisoro padrio, utilizados,
reagiram formando uma linha de precipi-
tac8o, a qual serviu como referéncia para as
linhas de precipitacédo, formadas pelos soros
em prova. As preparacdes obtidas das linhas
de precipitacdo, observadas sob o mi-
croscépio eletrbnico, continham abundante
nimero de particulas virais, as quais
encontravam-se agregadas e cobertas por fi-
no material granular (Fig. 1). O didametro des-
tas particulas virais era de aproximadamente
46,5nm. '

A microprova de imunodifusédo foi reaiza-
da no soro de 1174 bovinos, verificando-se a
presenca de anticorpos contra o VPB, em
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Figura 1 — Microfotografia eletrénica de uma linha de
precipitacdo, ilustrando virus de papilomatose bovina
agregados, possivelmente por anticorpo, corados com
acido fosfotungstico (PTA) a 2%, x 285.000

255 (21,7%) soros. Pode-se constatar a pre-
senca de anticorpos, em 21 (18,3%) dos
115 bovinos testados, menores de 3 meses.
Quando 51 bovinos, entre 4-6 meses de ida-
de, foram testados, anticorpos sé foram de-
monstrades em 1 (2,0%) bovino. Porém, an-
ticorpos foram novamente detectados em 17
{21,5%), de 79 bovinos testados, de 7-12
meses de idade. Dai em diante, anticorpos
foram detectados em 24 (25,0%) de 96 bo-
vinos, entre 13-18 meses de idade; em 25

C.H. Romero, A.A, Aguiar, S.R.S. de Andrade, C.A. Rowe & A.G. da Siiva

(21,2%), de 118 bovinos, entre 19-30 me-
ses de idade; em 61 (23,7%), de 257 bovi-
nos, entre 31-48 meses de idade; e em 106
(23,1%), de 458 bovinos, maiores de 49 me-
ses de idade (Tabela 1).

Discussdo

A visualizacdo de particulas virais, nas
preparacdes obtidas das linhas de precipi-
tacdo em agar, demonstrou a especificidade
da prova de imunodifusio, para detectar an-
ticorpos contra o VPB (8). Estas particulas vi-
rais correspondem aproximadamente aque-
las descritas para os virus de papilomatose,
de diversas espécies (4, 11).

O presente levantamento soro-epide-
mioldgico revelou ampla disseminagéo do
VPB. A excecéo do rebanho |, onde o nimero
de soros testados foi relativamente pequeno,
os anticorpos foram demonstrados em todos
os rebanhos testados. Trabalhos prévios de-
monstraram que 36% de bovinos, inocula-
dos, com vacinas formalizadas, contra o
VPB, desenvolviam anticorpos especificos, 4
semanas apoés a vacinacédo (2). Na presente
pesquisa, desde gque ndo existiu um progra-
ma de vacinacdo contra o VPB, em nenhum
dos rebanhos testados, pode-se concluir que
a presenca de anticorpos correspondeu a in-
feccdo natural com o VPB.

Os anticorpos, demonstrados em bovinos
menores de 3 meses de idade, correspondem
provavelmente a anticorpos de origem ma-
terna, adquiridos com o colostro. Estes anti-

Tabela 1 — Anticorpos contra o VPB em rebanhos leiteiros do Estado do Rio de Janeiro

Idade em meses

Rebanhos Total
0-3 4-6 7-12 13-18 19-30 31-48 49 +
A 0/34 0/11 7/15 5/16 12/24 12/38 19/83 55/221 (24,9)*
B 1714 1/4 1/8 2/12 2/25 3/25 8/78 18/166 (10,8}
C 1/3 0/4 0/3 1/3 0/3 1/6 9/20 12/41 (29,3)
D SA** SA 412 7/15 1/2 9/24 6/20 27173 (37,0)
E SA SA SA SA SA 2/3 7/31 9/34 (26,5)
F 12/28 0/2 217 . 6/25 3/32 6/36 .32/20 61/239 (25,5)
G . SA SA 1/8 1/8 1/2 1712 10/31 14/61 {(23,0)
H SA SA 1/5 0/11 1/9 7/55 0/2 9/82 {11,0)
| 0/2 0/5 0/11 0/3 SA SA SA 0/21 { 0,0
J 7134 0/6 1710 2/3 5/21 20/59 15/103 50/236 (21,2)
Total 21/1156 1/51 17/79  24/96  25/118 61/257 106/458 , 255/1174 (21,7)'

* Numero de bovinos com anticorpos/Numero de bovinos testados (percentagem de reagentes positivos)

** Sem animais, nesta faixa de idade.
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corpos foram detectados no soro de 18,3%
dos bezerros, menores de 3 meses de idade,
percentagem que, aproximadamente, corres-
ponde & percentagem de infeccéo das vacas
maes, maiores de 19 meses. A auséncia de
anticorpos no soro dos bovinos, na faixa de

3-6 meses de idade, é, com certeza, um indi-

cador da catabolizacdo dos anticorpos ma-
ternos. Anticorpos foram novamente detec-
tados no soro de bovinos, maiores de 7 me-
ses de idade, provavelmente como resposta
a infeccdo natural, em torno dos 6 meses de
idade. Apés 12 meses de idade, as taxas de
anticorpos detectadas foram semelhantes
para os bovinos, em diferentes faixas de
idade.

Na presente pesquisa, a relacdo entre a
presenca de anticorpos e o desenvolvimento
ou a regressdo de papilomas néo foi avaliada.
Porém, Koller & col. (7) verificaram que o
titulo de anticorpos no soro aumentava, em
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Resumo

Estudos ecologicos, na Represa do Lobo (S&o Carlos), no periodo de maio de 1977 a
abril de 1978, relacionados a variacdo sazonal de bactérias microaeréfilas fixadoras de
nitrogénio e sua interacdo com pardmetros fisico-quimicos, para duas estacées de co-
leta. Andlises estatisticas evidenciaram a interacdo entre os parametros fisico-quimi-
cos estudados e a distribuicdo de bactérias.

Summary

Seasonal variation of the microaerophilics nitrogen fixing bacterias in a man made /a-
custrine ecosystem ’

Seasonal variation of the microaerophilics nitrogen fixing bacteria, their relationship
with physical and chemical parameters were carried out at Lobo Reservoir (Sdo Carlos)
for the period of May 1977 to April 1978 at two stations located in different sites of
the reservoir. The relationship between the physico-chemical parameters and the dis-

tribution of the nitrogen fixing bacteria was statiscally significant.

introducéo

Dos poucos trabalhos relacionados ao
ndmero e proporcdo de bactérias heterdtro-
fas, fixadoras de nitrogénio em ambientes
naturais, a maioria deles relaciona-se com o
solo, onde uma variagdo consideravel, no
numero de bactérias, torna-se evidente, de
uma investigacdo para outra. Tais variagcbes
sdo, sem duvida, atribuidas aos diferentes
métodos de contagem, fontes de carbono ou
mesmo de nitrogénio utilizadas (15). E de se
esperar que tais variacOes ocorram dentro
dos ambientes aqudticos, desde que os fato-
res permanecam 0S mesmos € que 0s méto-
dos de contagem reflitam, de modo geral, o
indice de alguma atividade fisiolégica (11).
Para ambientes aquéticos de regibes tropi-
cais, dados envolvendo distribuicdc de
bactérias heterétrofas, fixadoras de ni-
trogénio, sdo praticamente inexistentes (21);
a maioria deles refere-se & simples detecgéo

de formas heterétrofas, desde que a maioria
dos pesquisadores aceitam que tais formas
sdo ineficientes na realizacdo do processo de
fixac&o bioldgica de nitrogénio, por serem os
carboidratos solliveis limitantes ao processo
e raramente disponiveis no ambiente (22).
Foram relacionados ao redor de 15 géne-
ros, das ordens Eubacteriales e Pseudomona-
dales, para os quais ha evidéncias de que hé
fixac8o de nitrogénio em cultura pura (22).
Bioquimicamente, muita atencdo tem sido
dada ao género Azotobacter, incluido dentre
os principais fixadores de potencial lim-
noldgico (6), mas outros géneros, como Bej-
Jerinckia, Klebsiella e Spirillum tém demons-
trado boas evidéncias de que fixam ni-
trogénio (22). Com relac8o a microrganismos
caracterizados como microaeréfilos fixado-
res de nitrogénio, estes (15) apenas tém sido
isolados de uma variedade de aguas naturais
(dguas poluidas, reservatérios, pequenos la-
gos, dgua armazenada, bem como de outras
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fontes), ou entdo tém sido evidenciados,
ocorrendo, em associacdo com raizes de
gramineas (14, 15). -

- Este trabalho faz parte de uma série de es-
tudos realizados a respeito da ocorréncia,
distribuicdo, significado e possivel asso-
ciacdo com rizosfera de macrohidréfitas, de
microrganismos fixadores de nitrogénio
(aerdbios e microaeréfilos) na Represa do Lo-
bo e teve como objetivo, determinar a distri-
buicdo quantitativa de bactérias microaer6fi-
‘las fixadoras de nitrogénio, em amostras de
agua de superficie, de maio de 1977 a abril
de 1978, a fim de obter dados comparativos
do ponto de vista qualitativo e quantitativo,

de duas estacGes de coleta pré-estabeleci- -

das. Foram também relacionados alguns
parémetros fisicos e quimicos que provavel-
mente atuam na distribuicdo de tais
organismos.

Material e Métodos

As estacoes de coleta (Fig. 1) foram esta-
belecidas com base em estudos limnolégi-
cos, anteriormente realizados na represa e na
natureza trofica de suas extremidades (25,
26). A regido alta represa (estacdo 1) possui
‘caracteristicas que a diferenciam grande-
mente de baixa represa (estagdo 2), tais co-
mo: contribuicdo de varios efluentes, presen-
ca de macrohidréfitas enraizadas e flutuan-
tes além de pequena profundidade. As cole-
tas foram realizadas quinzenalmente, em
condicbes de superficie, a pariir de maio de
1977, para andlise de pardmetros fisico-

. Paulo), 12(4), 1981
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quimicos e biolégicos, a saber: temperatura,
pH, oxigénio dissolvido e condutividade, de
acordo com técnicas descritas em Golterman
(9). ‘ _ ]

Estimativa do numero de bactérias mi-
croaer6filas, fixadoras de nitrogénio, foi rea-
lizada através do método do nimero mais
provavel (NMP), em frascos de vidro conten-
do meio malato semi-sélido (5), aos quais fo-
ram inoculadas aliquotas de dilui¢es conve-
nientes (10~1, 102, 10-3, 104, 10-5), de
amostfas de dgua das estagGes de coleta. A
seguir, os frascos foram incubados por 48
horas a 28°C. A formacdo de uma pelicula
branca e delgada, a alguns milimetros abaixo
da superficie do meio e a atividade da nitro-
genase (15), foram os critérios para eviden-
ciar a presenga de bactérias. O niimero final
foi determinado pelo uso da tabela de
McCrady (18) e o resultado dado em fixado-
ras de nitrogénio por mililitro. A verifica¢éo
da atividade da nitrogenase foi realizada pelo
método de reducdo do acetileno (10, 23),
sendo para isso os frascos de vidro conve-
nientemente vedados por tampdes de borra-
cha. A reacdo foi iniciada, inoculando-se ace-
tileno (10% do volume do frasco) nos fras-
cos de reacdo (10) e a seguir incubados du-
rante uma hora a 28°C. Volume de 0,5ml
da fase gasosa dos frascos de reagdo foram
retirados através de seringas e o contetido de
etileno ensaiado por cromatografia gasosa,
em um cromatégrafo CG 370, com detector
de ionizacdo de chama e coluna de Porapak N
(tubo de aco, 1,80m de comprimento, 3/16"’
de didmetro), operada a 11T0°C, com ni-
trogénio como gés de arraste.

Figura 1 — Localizagdo das estacdes de coleta. As estagdes 1, 2 séo pontos de coleta para andlise de pardmetros

biolégicos e fisico-quimicos
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Anélise estatistica — Inicialmente, para to-
das as varidveis estudadas, foram feitos
célculos de média, variancia, desvio padrio e
coeficiente de variagdo, visando a caracteri-
zacdo de cada uma delas. Através de Teste
“t'', para amostras dependentes, pareadas
de acordo com o0 més de coleta, foi verificada
a diferenca dos valores de médias obtidas pa-
ra: temperatura, pH, oxigénio ' dissoivido,
condutividade e NMP/ml de bactérias mi-
croaer6filas fixadoras de nitrogénio, entre as
duas estacdes de coleta. Foram realizados,
também, estudos de regressdo simples, en-
volvendo cada uma das varidveis separada-
mente, utilizando-se para isso, um programa
computacional baseado no método dos mini-
mos quadrados (17), que fornece valores pa-
ra o ajuste de regressdo, bem como vérias
equacgdes.

Resultados e Discusséo

Os valores médios mensais, dos parame-
tros fisico-quimicos determinados, encon-
tram-se nas Tabelas 1 e 2. A distribuic&o ho-
rizontal dos mesmos, para as duas estacées
de coleta, demonstrou um ciclo sazonal bem
_marcante (Figuras 2 e 3). Durante todo o
periodo de estudo foi possivel observar que:
os valores de temperatura mostraram dife-

ren¢as bastante acentuadas de inverno e
Tabela 1 — Valores médios mensais de temperatura,

oxigénio dissolvido, pH e condutividade (amostras de su-
perficie) para estacdo 1 (maio de 1977 — maio de
1978)

Meses | T8 | g | PH | umhosom
Mai. | 18.4 6.81 5.2 8.79
Jun, 18.6 7.40 5.6 8.01
Jul, 17.8 7.56 5.0 8.43
Ago. 20.8 7.02 5.2 10.566
Set. 22.3 6.72 5.3 10.72
Out. 24.8 6.32 5.5 11.23
Nov. 23.5 6.50 5.8 12.76
Dez. 24.6 5.65 5.6 10.10
Jan. 24.8 4.83 5.1 12.44
Fev. 27.2 5.43 5.0 13.56
Mar. 27.6 4.95 4.9 14.48
Abr, 23.8 5.83 5.2 11.26
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Tabela 2 — Valores médios mensais de temperatura,
oxigénio dissolvido, pH e condutividade (amostras de su-
perficie} para estacdo 2 (maio de 1977 — maio de
1978) .

Meses Temp. O, dissolv. pH Cond.

- (°C) (mg/t) {umho/cm)
Mai. 18.6 8.01 6.4 6.74
Jun. 17.6 8.42 5.8 6.73
Jul. 16.7 8.87 5.9 6.24
Ago. 19.8 7.93 6.1 7.36
Set. 20.6 7.82 6.4 8.06
Out. 21.2 7.65 6.0 7.04
Nov. 22.2 7.05 6.6 7.98
Dez. 22.5 7.42 6.2 7.55
Jan. 23.6 6.18 5.6 8.96
Fev. 24.4 5.90 5.4 9.28
Mar. 24.2 5.97 5.5 © 946
Abr. 21.3 6.82 6.2 8.94

verdo (julho e marco) para ambas estacdes
de coleta; valores inferiores de oxigénio dis-
solvido foram encontrados para a alta represa

. {estacdo 1), provavelmente devido & gran-

de quantidade de macrohidréfitas, material
em suspensdo (25, 26) e bactérias (8); valo-
res de pH foram menores para estacdo 1 e
valores de condutividade foram superiores
para estacéo 1, provavelmente devidos a acdo
dos efluentes e da presenca de macrohidréfi-
tas ndo enraizadas, as quais podem provocar
alteracdes no estado quimico da agua, seja
pela retirada de nutrientes necessérios ao
seu crescimento, seja pela liberacdo de pro-

. dutos metabdiicos (20). Andiises estatisti-

cas, entre os valores de média dos parame-
tros fisico-quimicos determinados (21), per-
mitiram evidenciar diferencas altamente sig-
nificativas, entre as estacbes de coleta, du-
rante a variacdo sazonal, com relacédo a tais
fatores. _
A densidade de bactérias microaerdéfilas,
fixadoras de nitrogénio (Tabela 3), para am-
bas estacGes de coleta, demonstrou um
padrdo sazonal bem definido (Figuras 2 e 3).
A distribuicdo apresentou-se ligeiramente
estavel, sendo observado apenas duas oca-
sides com numeros relativamente altos, no-
vembro e mar¢o, e um ligeiro decréscimo em
julho. Os valores observados em novembro
podem ser explicados pelo periodo de chu-
vas, verificado na ocasido das coletas. A
ocorréncia de precipitacdo (4, 12) tem sido
relatada como um fator que pode afetar a
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Figura 2— Variagéo sazonal do NMP/ml de bactérias microaeréfilas fixadoras de nitrogénio, pH, O, dissolvido, con-
dutividade e temperatura para estacédo 1
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Figura 3 — Variacdo sazonal do NMP/ml de bactérias microaerofilas fixadoras de nitrogénio, pH, O, dissolvido, con-
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Tabela 3 — Valores médios mensais do nimero de
bactérias microaeroéfilas na 4gua pelo método NMP (maio
de 1977 — maio de 1978) (1)

" N° de bactérias/ml

Meses

Estacdo 1 Estacdo 2
Mai. 3.5.10? 3.0 .10%
Jun. 2.5.10? 20 .10?
Jul. 1.3.10? ) 0.8 .10?
Ago. 3.5.10? 1.75 . 10%
Set. 3.0.10? 1.7 . 107
Out. 4.5 . 10? 3.5 .102
Nov. 18.0 . 102 9.0 .10
Dez. 9.0.10? 4.5 . 10?
Jan. 9.0.10? 6.0 .10?
Fev. 16.0 . 10? 9.0 .10?
Mar. 18.0 . 10? 18.0 . 10?
Abr. 9.0.10? 6.0 .10?

(1) Meio malato semi-sélido isento de nitrogénio.

quantidade de nutrientes na 4gua, ou mesmo
provocar a entrada de bactérias de areas ad-
jascentes, possibilitando a alteracéo na den-
sidade da populacido bacteriana. Valores de
margo e julho foram coincidentes com os de
alta e baixa temperatura, respectivamente,
para ambas estacOes de coleta. A temperatu-
ra tem sido considerada como um fator que
pode ter mais de um componente de acdo,
influenciando n8o apenas a atividade fi-
siolégica dos organismos, mas criando dife-
rentes condicGes ambientais ou a estratifi-
cacdo térmica do ambiente (20, 25, 26), que
podem influenciar o desenvolvimento das
populacdes. Maiores populacdes bacterianas
tém sido encontradas no verdo (1, 16, 19),
nas mais diversas regides climaticas, muitas
vezes com efeitos mais evidentes na popu-
lagdo de um grupo fisioldgico do que sobre a
popuiagdo heterétrofa total (12).

Durante todo o periodo de estudo, foi ob-
servada a presenca de bactérias microaer6fi-
las, fixadoras de nitrogénio, para ambas es-
tagdes de coleta, mas com maior ocorréncia
das mesmas na estacdo 1. Testes estatisti-
cos comparativos (21) permitiram constatar
diferencas em niveis significativos para as
médias dl) ndmero de bactérias, entre as es-
tacBes de coleta, durante a variag&o sazonal.

Fatores que agem na variacdo da popu-
lag@o heterdtrofa total, tais como introducao
de nutrientes e bactérias dos sedimentos na
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coluna de agua devido a pouca profundidade
(24), predominancia de macrohidréfitas que,
por decomposicdo podem originar matéria
orgénica particulada e dissolvida (7), intro-
ducéo de bactérias por efluentes (4, 7), po-
dem, provavelmente, auxiliar a explicacdo
nas diferencas de densidade de bactérias,
entre as duas estacdes de coleta, desde que
a estacdo 1 esteja sujeita & acdo de tais fato-
res. Mesmas consideracdes foram anterior-
mente encontradas para a represa (8), em se
tratando da distribuicdo horizontal da popu-
lacdo bacteriana heterétrofa total, tornando
possivel evidenciar uma situagdo crescente
de eutrofia, da baixa (estacdo 2) para a alta re-
presa (estacédo 1).

Além dos fatores anteriormente citados,
pardmetros fisico-quimicos tem sido relata-
dos como importantes no controle da popu-
lacdo bacteriana heterétrofa total (12). As-
sim, bactérias microaerofilas, fixadoras de
nitrogénio, como um grupo fisiolégico per-
tencente & populacdo heter6trofa total, po-
dem ter sua variabilidade explicada para as
duas estacbes de coleta, em funcdo da
atuacéo de tais pardmetros, desde que am-
bas as estacGes apresentam diferencas esta-
tisticamente significativas, com relacdo as
médias dos mesmos.

Das equacdes fornecidas pelo programa
de regressdo simples, para cada estacéo de
coleta e para cada par de varidve! relaciona-
da, dentro do trecho estudado x>0, as mono-
logaritmicas foram as mais explicativas, em
funcdo dos valores de r, r2 e F (Figuras de 4 a
7). com relacdo a distribuicdo de bactérias.
Os resultados permitiram demonstrar que:

1) a expressdo que melhor se ajusta a va-
riacdo do nUimero de bactérias microaeréfi-
las, fixadoras de nitrogénio, com relacéo aos
pardmetros fisico-quimicos, para cada es-
tagdo de coleta, ¢ uma fungdo exponencial
da férmula:

Iny = A + Bx ——>y = gA+Bx;

2) baseado nos valores dos coeficientes
de correlacdo (r?), podemos afirmar que: ha
correlacéo positiva e altamente significativa,
entre o nidmero de bactérias e as varidveis
temperatura e condutividade, para as duas
estacdes de coleta (Figuras 4 e 7); ha corre-
lacdo negativa e altamente significativa, en-
tre o nimero de bactérias e oxigénio dissolvi-
do, para ambas estacdes de coleta (Figura
5);
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fungdo da Temperatura, para ESTAGAO 1!
iny 4,07 + 0,23 > y = 1,07 +0,23x
dy . 1,074 0,23
_J%_o\zsé e + X
v30.87 3r%2 0,75, F= 30,43.
pora ESTACAO2:
Iny = 0,44+ 0,30 > yz o 0:44+030x
?’y 2030 . 0-0‘44 +0.30x
X

rz0.87;r270,76; F=31 28,

/m
8
+

filas x102
g

.

I
4

,

bacterios migroaerd

©
<

NMP de
o
[

g

200 220 240
Temperotura(°C)

e 8o 26,0

Fig.5 -Variagdo do NMP/mi de bactérias micro-
cerofilos em fungdo do teor de O, dissolvido,
para ESTALAOT: )

InyzH1 19~ 0.77% ——myz g S~ OTTX
%{_:_ 077 - e A9 < 0,77x
r "0-3;% r2:0,66;F:19,72.

poro ESTAGAO 2 * )
Iny=12,01 - 0.,82% =—2>y-¢ 2201~ 0,82 x
%X— :-0,82 . e12,01-0,82x

X 2
r=-0,9t; r€:- 0,82 ; F=46,39.

2 .
A/ml
E
o4
[
+

filas x10~
o
°

8

.

.

NMP de bacterias migroaero
©
&8 © 8

8

RLET 55 85 75

0, dissolvido{mg /1)

280

167
Fig.6- Variagdo do NMP/mi debactérias microgardfilas
em relagdo ao pH, para as ESTA(;GES 1e2.
ESTAGCAO 14: o
ESTACAO 2: o4
5150' [+ +
%
@ o o
°
‘& 1807
0
P
©
L4
5
.S1204
E
o
2
N
)
s 90 ood [+ +
o
p-]
@
® 604 + o+
a
= o +
z
o +
304 ° +
°
° + oy
+
H g B (5] 75
pH
Fig.7-Variagdo do NMP/mIi de bactérias micro ~
aercfilas em funggo do Condutividade paro
ESTAGAO1:
7
Inys2.34 + 0,37 mmmny = 0204 +0.37X
4y - 234 + 0,37x
ax 037 e
v20,87; r2z0,76; F730,91.
pora ESTACAO 2
Iny = 0,85 ¢ 0,65 x—=—x=2>y = e035 +0,37x
dy . . 0,85 + 0,37x
ax 0,65 2 e
r=081, ":0,66; Fz19,02
Eig04
o
'
»
8450]
\“-
2
@
o
o
612,04
13
[}
o
:T.
8 9.0-
0
Q2
L
3
604
o
=
z
304
£
yay s 2. A i A, 3
B 7 R R e T R X MY Y 1)

Condutividade{umho/cm)




168 J.E. dos Santos & P.M. Lacava

3) sendo os coeficientes de correlacéo al-
tamente significativos, é possivel calcular o
ndmero de bactérias, dentro do intervalo de
estudo x> 0, em funcdo de cada parametro
(temperatura, oxigénio dissolvido e conduti-
vidade) para cada estagdo de coleta, a partir
da taxa de variacdo do numero de bactérias
(Figuras 4, 5 e 7), cuja férmula é:

dy
=Y = B. A+BX;
dx ©

4) o intervalo de variacdo do pH, para am-
bas as estacdes, foi insuficiente para deter-
minar uma relacdo que explique a variacdo
do numero de bactérias em funcdo de tal
pardmetro (Figura 6);

5) em funcdo dos coeficientes de re-
gressdo (r), podemos considerar que a
média, ao redor de 80% da variabilidade do
ndmero de bactérias microaeréfilas, fixado-
ras de nitrogénio, para as duas estacées, po-
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Summary-

The mold Dactylium dendroides accumulated into the culture medium a glucoamylase
depending on the carbon source used for growth. Yields were highest with starch,
whereas no enzyme or only traces of it were obtained when the carbon source was
glycerol or glucose. Optimum pH and temperature for this enzyme were determined.
Hydrolysis limit for glycogen, amylose and amylopectin were 84%, 100% and 100%
respectively. D. dendroides glucoamylase hydrolyzed soluble starch from cassava and
potato more eficiently than soluble starch from corn.

Resumo

Producéo de glucoamilase por Dactylium dendroides

O fungo Dactylium dendroides liberou no meio de cultura uma glucoamilase, depen-
dendo da fonte de carbono utilizada. Maiores rendimentos foram obtidos com amido
solivel, enquanto apenas tracos ou nenhuma enzima foi detectada quando a fonte de
carbono era glicerol ou glucose. Aspectos da produgéo da enzima, pH e temperatura
6timos foram estudados. O limite de hidrélise do glicogénio, amilose e amilopectina foi
84%, 100% e 100% respectivamente. A glucoamilase hidrolisou amido soldvel da

mandioca e de batata mais eficientemente que o amido soltivel de milho.

Introduction

The extraceliular glucoamylase («-D-
(1— 4) glucan hydrolase (EC 3.2.1.3) pro-
duced by several fungi has been employed
for the industrial depolimerization of starch

{5, 23). In this report the present data on the

production and characterization of a
glucoamylase from Dactylium dendroides.

Material and Methods

Organism and growth condjtioris — A strain
of the ascomycete Dactylium dendroides
producer of galactose oxidase (7) was man-
tained on slants of Sabouraud glucose agar
in our laboratory since its original isolation
and was stored at 4°C. The mold was grown
in the liquid medium described by Markus

(11) with 0.2% of carbon source and
11 g/ml of thiamine. Cultures were routingly

incubated for 48h at 28°C in a rotatory
shaker at 100rpm. For characterization of

the enzyme the mold was grown in the above
medium supplemented with 0.2% starch.

Potato or cassava roots {40g) were blen-
ded in a Waring blendor with distilled water or
0.1M phosphate buffer, pH 5.8. The suspen-
sion was filtered in cheese-cloth and the fil-
trate sterilized under steam during 20min.
and used as culture medium.

Enzyme source — The culture was filtered in
cheese-cloth and the filtrdte was used as en-
zyme source after lyophilization and storage
at4°C.

Dry weight determinations — Mycelia were
harvested by suction filtration on filter paper,
washed with distilled water and dried at
60°C until constant weight.

e /TRy T Y S A
JUCoaitiyiase

The enzyme
system contained 4mg of soluble boiled

starch, 20umoles of MES (morpholino)

activity —
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ethane sulfonic acid) pH 6.0 and the enzyme
in a final volume of 1.0ml. The mixture was
incubated in a Dubnoff shaker for 30min. at
50°C and the reaction stopped by heating
for bmin. in boiling water. Glucose was
determined by glucose oxidase {(2) and
reducing sugars were measured by the
method of Somogyi {19) and Nelson {14).

One unit of glucoamylase was defined as
the amount of enzyme releasing 1 umol of
glucose per minute under the conditions of
the experiment. Specific activity indicated
enzyme units per mg of protein in the culture
medium filtrate.

Determination of protein — The protein con-
centration was determined by the method of
Lowry & col. (10) using bovine serum
albumin (Sigma) as standard. For the experi-
ment with resting cells the protein content in
the medium was determined by the method
of Warburg (21).

Polysaccharide hydrolysis — Percent
hydrolysis of polysaccharide by the enzyme
was calculated considering as 100% the
amount of glucose release by acid hydrolysis
with 1N H,SO, at 100° for 4 hours, cor-
rected for glucose lost (12f.

Amylolytic activity — The amylolytic activity
was determined by the method of Drum-
mond & col. (3).

Reagents — Soluble starch, glycerol and D-
glucose were purchased from Merck, Darms-

tad, Germany, glycogen, amylose, amy-
lopectin, maltotriose, trehalose, meli-
.biose, gentibiose and methyl-D-gluco-

side were products of Sigma Chemical
Co. Missouri USA; maltose, sucrose,
turanose, cellobiose were supplied by
Calbiochem Co. Potato starch, cassava
starch and corn starch were prepared accor-
ding to Schoch (18) and oxidized amylose
according to Buonocore (1). Glucose oxi-
‘dase, peroxidase and O-dianisidine were
from Sigma Chemical Co.

Results

Glucoamylase accumulation in the growth
medium — The effect of the carbon source
on the production of glucoamylase us shown
in Table 1. The enzyme activity was almost
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Table 1 — Effect of carbon source .-

Carbon source Specific activity

(u mol glucose mg—1 min—1)

Glycerol 0.00
D-glucose 0.01
D-Cellobiose 0.28
D-Melibiose 0.37
D-Maltose 3.40
Soluble starch 8.29

Figure 1 — Relationship between organism growth and
enzyme production
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undetectable when the mold was grown
with glycerol or glucose. v

Since starch was the best inducer of the
enzyme among other saccharides tested, it
was generally used as carbon source. As
shown in Fig. 1 glucoamylase accumulation
in the medium was highest during the
logarithmic phase of growth. The production
of enzyme decreased when the minimum
mineral medium containing 0.2% soluble
starch was replaced by potato or cassava li-
quor (Table 2) in spite of the normal
mycelium growth in the latter. When the
mold grown in glucose was transfered to a

Table 2 — Effect of the culture medium

Specific activity

Medium { £ mol glucose
mg-" min-1)
Minimum medium-0,2% starch pH 5.8 8.20
Potato in 0.1M phosphate buffer pH 5.8 6.27
Potato in distilled water pH 6.1 5.40
Cassava in 0.1M phosphate buffer pH 5.8 1.41
Cassava in distilled water pH 6.1 1.76
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medium containing 0.08% of starch the en-
zyme levels increased (Fig. 2). The formation
of glucoamylase was completely inhibited by
cycloheximide.

Figure 2 — Glucoamylase formation in an induction
medium: 1.6g of wet mycelium grown in glucose
medium as incubated in minimal medium (9) containing
0.08% soluble starch with or without cycloheximide
(20 p g/mi)

5

ACTIVITY (/u moles mg-! min~l)

TIME (hs)
@ -No adition - A -cycloheximide

Enzyme characterization — All attempts to
purify the enzyme failed as it became insolu-
ble with decreasing ionic strengh. Enzyme
characterization was then performed with
crude preparations.

The glucoamylase was active at pH
values in the range of 4.5-8.0 with optimum
pH at 5.6-7.2 (Fig. 3). The optimum
temperature was 80°C (Fig. 4A) at pH 6.5

Figure 3 — Dependence of starch hydrolysis on pH
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Buffers were 0.05M acetate citrate (pH 3.7 to 5.6):
0.05M MES {2 (N-morpholino) ethane sulfonic acid) (pH
5.6 to 7.0); HEPES (N-2-hydroxyethyipiperazine
N’-2-ethanesulfonic acid) (pH 6.8 to 8.0)

with the enzyme losing 50% of its activity
after 20min. at this temperature in the
absence of substrate (Fig. 4B). The specifici-
‘ty of crude preparations for glycosides |s
shown in Table 3.

Figure 4 — Effect of temperature on enzyme activity
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A} Optimum temperature: 1ml of the reaction mixture
containing 20 u moies of MES pH 6.5, 4mg of soluble
starch and 7.3 p g of protein was incubated at the in-
dicated temperature for 15min.

B} Thermal inactivation at 60°C: A mixture of 3.6 i g of
protein, 70 u mol of MES pH 6.5 was incubated at
60°. At various time intervals aliquots were taken
and glucoamylase activity was determined as )
described in Material and Methods.

Table 3 — Specificity of enzyme hydrolysis

Substrate nmol min—1
Maltotriose 17.77
Maltose 11.42
Trehalose 4.65
Sucrose 1.68
Gentibiose 6.77
Melibiose 0.00
Turanose 0.80
Cellobiose 4.65
Methyl o -D-glucoside 0.00

System: 2 ng of protein, 1000 um I} u
10 pmoles of MES buffer pH 6.0 to a final v
0.5mi was incubated 156min. at 50°C, and

liberated was determined by glucose oxidase.
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Determination of the amylolytic pattern —
The enzyme was able to hydrolyse native
amylose but only 30% of oxidized amylose
was degraded (Fig. 5). These results are con-
sistent with a typical exoamylolytic activity.

Figure 5 — Hydrolysis pattern of amylose with native
and oxidized amylose at 50°C
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Samples were collected at different intervals and redu-
cing sugars were determined. The maximal activity with
native amylose was taken as 100%.

Chromatography of products of 1bmin.
glucoamylase hydrolysis of starch gave only
one spot with Rf identical to that of glucose
in butanol: pyridine: water. The relationship
between reducing sugar and glucose after
one hour was 1:1.19. (Fig. 6).

Figure 8 — Time course of soluble starch hydrolysis
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1ml of the reaction mixture containing 20 ypmoles of
MES pH 6.0, 2mg of soluble starch and 2.3 p g protein
were incubated at 50°C
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Hydrolysis of polysaccharides — Amylo-
se and amylopectin were completely
hydrolyzed by the enzyme preparation as
shown in Fig. 7A whereas 84% of glycogen
was converted to glucose after 240min.
Soluble starches from different sources are
also hydrolysed at different rates. (Fig. 7B).
No hydrolysis was detected with unboiled
starch even after 24 hours of incubation.

Discussion

Extracellular glucoamylase was obtained
when different saccharides were supplied as
sources of carbon and energy. With glycerol
or glucose, however only traces of enzyme
were detected even in the presence of rapid
growth and normal mycelial development.
The high yield in maltose or trehalose sup-
plemented medium shows that highly
polymerized substraces such as starch are
not essential for the formation of glu-
coamylase since oligosaccharides con-
taining one o -glucosidic bond are equally
effective.

The addition of cycloheximide to starch-
growing cells halted any increase in enzyme
activity. This result suggests that glu-
coamylase is synthesized de novo.

Low specific activities were observed
when the mold was grown in cassava liquor..
This could be due to the presence of an in-
hibitor, probably cyanogenic glucosides (13)
since protein and carbohydrate contents of
potato and cassava liquors were similar.

D. dendroides glucoamylase had an op-
timum pH of 5.6-7.2 similar to the
glucoamylases from Aspergillus oryzae (15).
It was inactivated at pH values lower than
3.0 as with the enzyme of Humicola
lanuginosa (20). Optimum temperature was
60°C and the reaction was linear up to 120
minutes. The enzyme lost its activity after
50min. in the absence of starch suggesting that
the substrate protected against heat inac-
tivation. 1t was more stable than similar
enzymes produced by fungi (20, 25) but was
less stable than the enzyme from A. niger,
which is used in industrial process (23).

D. dendroides enzyme was active 5gainst
oligosaccharides but a highly purified
glucoamylase (16) from A. niger was also
able to hydrolyse glucosides showing a cer-
tain degree of non specificity. The f glico-




174

Figure 7 — Hydrolysis of polysaccharides
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The reaction mixture (1mi) containing 2mg of polysaccharide, 50 1 moles of MES pH 6.0 and 9,1 1 g of protein was

incubated at 50°C.

sidase detected in our preparations could be
due to contamination.

Since our enzyme preparation showed an
activity with oxidized amylose weaker than
that with other glucoamylases (25) it pro-
bably did not contain an « -amylase
contamination.

Hydrolysis limits of polysaccharides and
soluble starches with D. dendroides enzyme
were similar to those with other gluco-
amyiases (4, 6, 8, 9, 17, 24). The differential
degree of hydrolysis observed with starches
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Resumo

Através do método de exposicio ao ar de placas de Petri contendo &gar Sabouraud
adicionado de cloranfenicol {100ug/ml)} foram realizadas 360 coletas de fungos no ar,
distribuidas mensalmente: 10 coletas as 9 horas, 10 as 15 horas e 10 as 21 horas,
" num periodo de 12 meses. Estudou-se a variac8o periddica (manh4, tarde e noite) de
fungos dos géneros mais comuns em S&o Paulo: Cladosporium, Epicoccum, Alterna-
ria, Penicillium, Aspergillus, Fusarium, Rhodotorula e Aureobasidium e ainda dos fun-
gos ndo esporulados, bolores e leveduras totais. Leveduras totais e géneros As-
pergillus, Penicillium e Rhodotorula ndo tiveram variacdo de fregliéncia nos trés
periodos. Bolores totais e EFpicoccum Spp. ocorreram em ordem crescente de
freqliéncia 3s 21, 9 e 15 horas. Os fungos ndo esporulados e dos géneros Cladospo-
rium, Aureobasidium, Fusarium e Alternaria ocorreram com maior fregliéncia as 15 ho-
ras em relacéo as 21 horas e o Gltimo também em relacdo as' 9 horas. Os fungos nio
esporulados e os bolores esporulados tiveram comportamento semelhante, nos
horérios de maior freqiiéncia. No periodo noturno, ndo houve variacdo significativa de
freqliéncia dos fungos, sugerindo que os fatores que condicionam a dispersdo aérea
desses microrganismos ndo apresentam expressdo nesse periodo.

Summary

Daily periodicity of airborne fungi from Séo Paulo city, Brazil

Petri’s dishes containing Sabouraud agar with chloramphenicol (100ug/mi) were expo-
sed to the -air, at a determined place of Sdo Paulo city, performing 360 samples
monthly distributed: 10 at 9a.m., 10 at 3p.m. and 10 at 9p.m., on a period of 12
months. It was studied the periodical variation of the most common genera of fungi in
Sé&o Paulo: Cladosporium, Epicoccum, Alternaria, Penicillium, Aspergillus, Fusarium,
Rhodotorula, Aureobasidium and also the not sporulates fungi, molds and total yeasts.
Total yeasts and Aspergillus, Penicillium and Rhodotorula genera did not have the va-
riation of frequency on the periods. Total molds and Epicoccum spp. occurred on an in-
creasing order of frequency at 9p.m., 9a.m. and 3p.m. The not sporulated fungi and
Cladosporium, Aureobasidium, Fusarium and Alternaria genera occurred with major
frequency at 3p.m. related to 9p.m. and latter also related to 9a.m. The not sporulated
fungi and the sporulated molds had a similar behavior in the hours of major fre-
quency, suggesting that the factor which regulates the aerial dispersion of these mi-
crorganisms do not present any value in this period.

introducéo

Um dos primeiros autores a observar a pe-
riodicidade didria de microrganismos foi Mi-
quel (11), que verificou em 1884, a maior
ccorréncia de fungos e bactérias no periodo
diurno. Alvarez & Castro (3) e Sreeramulu
(20) salientaram maior concentracéo de fun-
gos no ar, a noite. Em 1952, Gregory (7) res-

saltou que os ascomicetos e basidiomicetos
apresentam maiores freqliéncias & noite, en-
quanto que os deuteromicetos manifestam
um padrio vespertino.

Os resuitados sdo controversos: alguns
relatam maior nGmerc de fungos no ar, em
periodo matutino (13, 19, 22), em periodo
vespertino (9, 18, 21), enquanto outros co-
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mo Medrano (10), nao indicam diferencas
significativas, entre os periodos diurnos e
noturnos. :

Mishra & Kamal (12) notaram variagdes
horarias de fungos no ar, de acordo com a
época sazonal. No inverno, o maior nimero
ocorreu a noite; no verdo, pela manhé. Os
autores sugeriram que o conteudo de espo-
ros no ar difere nos trés periodos diarios, de-
pendendo da vegetacdo e das condigbes
climéaticas do local em estudo.

Todos os trabalhos citados referem-se, de
maneira geral, ao ndmero total de fungos. A
periodicidade diaria foi analisada ainda sob
outro aspecto, ou seja, a variagdo da
freqliéncia de alguns géneros nos periodos
diarios. Assim, é salientada na literatura,
ocorréncia predominante para o género Cla-
dosporium nos periodos matutino (4, 10),
vespertino (4, 8, 17) e noturno {1, 16).

Para o género Alternaria foram também
encontradas freqiiéncias maximas de manhé
(1, 4, 16) e a tarde (8, 14, 16). Com efeito,
Pathak & Pady (17) verificaram gque, para es-
se género, o maximo de frerqiiéncia ocorria
ao’ meio dia, decrescendo a tarde e aumen-
tando novamente ao redor de 18 horas. Pady
& col. (15} concluiram que nos dois géneros
ndo havia padrdo consistente de comporta-
mento, na periodicidade diaria. Da mesma
maneira, para o género Fusarium foram espe-
cificadas freqUéncias méaximas no periodo
matutino (1, 12, 17) e noturno (15).

, Panzer & col. {16) verificaram a maior

ocorréncia de Penicillium spp. durante o dia.
Hamilton (8) salientou a predominancia des-
se fungo, assim como do género Aspergillus,
no periodo vespertino. Agarwal & col. (1) as-
sinalaram esse fato no periodo matutino. Por
outro lado, Barkai-Golan (4) ndo obteve da-
dos conclusivos sobre os referidos géneros.

Resultados discordantes tém sido verifi-

cados em estudos sobre outros fungos, co-
‘mo Epicoccum spp. e leveduras, com obser-
vacOes de freqlUéncias méximas tanto no
periodo noturno (15, 16) como no matutino
(1).

Considerando os resultados divergentes
de freqléncia dos fungos no ar, com re-
feréncia a periodicidade diaria, bem como a
auséncia de estudos especificos no ecossis-
tema da cidade de S&o Paulo, o presente tra-
balho teve por finalidade trazer novas contri-
buicdes referentes a este assunto enfocando
bolores, leveduras e fungos ndo esporulados.
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Material e Métodos

O experimento foi realizado no Campus da
Universidade de Sdo Paulo, Cidade Univer-
sitaria Armando de Salles Oliveira, situado a
23°34’S de latitude e 46 °44’'W de longitude
numa altitude de 795m. Utilizou-se o método
de exposicdo, durante 15 minutos, de placas
de Petri (10 x 100mm) contendo &gar Sa-
bouraud (DIFCO) adicionado de 100 i g de.clo-
ranfenicol/ml. As coletas foram realizadas no
mesmo local, na regido sul do campus, sendo
as placas colocadas a uma altura de 60cm.do
solo. :

Apb6s as exposicbes, as placas foram in-
cubadas a 25-27°C durante 5 dias, anotan-
do-se em seguida o numero total de colbnias
de bolores e leveduras. Colénias dos géneros
mais freqlentes em S&o Paulo (6):-Cladospo-
rium, - Epicoccum, Rhodotorula, Penicillium,
Aspergillus, Aureobasidium, Phoma, Alterna-
ria, Fusarium, Trichoderma e Cephalospo-
rium, assim como dos que ndo apresentaram
esporos, foram contadas e identificadas
através dos métodos usuais de classificacio
micolédgica.

O experimento foi realizado no periodo de
21 de marco de 1978 a 21 de margo de
1979. Durante dez dias de cada més, esco-
Ihidos ao acaso, foram realizadas 30 coletas
assim distribuidas: 10 coletas as 9 horas, 10
as 15 horas e 10 as 21 horas, totalizando
360 coletas no final do periodo estudado.

Na comparacdo dos resultados obtidos
utilizou-se o modelo de anélise de variancia
(5) e o teste de Tuckey (b), para determi-
nacao das diferencas significativas.

Todo o trabalho foi baseado num nivel de
significancia = 0,05, sendo os dados pro-
cessados em computador modelo B67000.

Resultados

Foram coletadas, através de 360 expo-
sicbes de placas de Petri, 8.256 coldnias de
fungos, sendo 7.547 de bolores e 709 de le-
veduras (Tabela 1).

O maior nimero de coldnias de fungos foi
obtido as 15 horas, com excecédo dos géne-
ros Aspergillus, Phoma e Cephalosporium
que tiveram maior incidéncia na coleta das 9
horas. As 21 horas, de maneira geral, houve
um decréscimo no numero de coldnias
isoladas.
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Tabela 1 — Distribuicéo

W. Gambale, A. Purchio & C.R. Pavula

periddica 4o numero de colénias de fungos isolados do ar em 360 coletas

Periodo/n® de coletas

Fungos Manha (Sh) Tarde (15h) Noite {21h) Total
120 120 120 360
Bolores
FNE 660 840 495 1995
Cladosporium (CL) 543 680 442 1665
Epicoccum (EP) 309 514 143 966
Alternaria (AL) 103 184 60 347
Penicillium (PE) 58 169 97 324
Aspergillus (AS) 91 62 48 201
Fusariurm (FS) 69 78 26 173
Phoma (PH) 33 21 12 - 66
Trichoderma (TR) 12 16 14 41
Cephalosporium (CE) 18 9 16 43
Outros 594 736 396 1726
Bolores totais (BO) 2490 3308 1749 7547
Leveduras
Rhodotorula (RH) 57 80 63 200
Aureobasidium (AU) 43 54 21 118
Outras 101 140 150 391
Leveduras totais (LE) 201 274 234 709

Pela andlise de varidncia (Tabela 2). so-
mente bolores totais, FNE e géneros Clados-
porium, Epicoccum, Alternaria, Fusarium e
Aureobasidium apresentaram diferencas sig-
nificativas entre as médias gerais de isola-
mento. Pelo teste de Tuckey (Tabela 2), as

médias de isolamento de bolores totais e do
género Epicoccum foram diferentes nos trés
horarios estudados, podendo-se afirmar que
0 numero de colbnias desses fungos ocorreu
em ordem crescente, a partir das 21 horas.
Os géneros Cladosporium, Aureobasidium e

Tabela 2 — Resumo da anélise da variancia e teste de Tuckey dos fungos isolados do ar em diferentes periodos do
dia {360 coletas)

Média + desvio padrao Valor
E absoluto da
Lngos diferenca
Manhé (M) Tarde (T) Noite (N) F Fy Resultado de médias c Resultado

FNE 550 + 5,12 7,00 % 6,60 4,13 + 3,45 9,08 3,02 S T-M=150 1,58 NS
T - N= 290 S
M~ N = 1,40 NS

CL 4,52 + 5,30 5,67 * 7,74 3,68 = 5,48 3,02 3,02 S T-M=1,20 1,89 NS
T - N= 2,00 S
M — N = 0,80 NS

EP 2,57 % 3,90 4,28 * 5,65 1,19 + 2,31 16,33 3,02 S T -M= 1,70 1.26 S
T - N = 3,10 S
M- N = 1,40 S

AL 0,86 t 1,07 1,63 * 1,68 0,50 1,08 19,07 3,02 S T -M= 0,68 0,39 S

' T ~N= 1,03 S

M- N = 0,35 NS

PE 0,48 * 0,85 1,41 = 847 0,81 £ 2,97 0,98 3,02 NS

AS 0,78 % 2,84 0,51 £ 0,87 0,40 * 1,19 1,31 3,02 NS

FS 0,68 * 1,11 0,70 £ 1,36 0,23 % 0,60 6,10 3,02 S T -M=0,13 0,32 NS
T - N = 0,47 S
M - N = 0,34 S

RH 0,48 + 0,92 0,67 * 1,14 0,63 £ 1,17 1,02 ,02 NS )

AU 0,33 % 0,91 0,45 + 0,84 0,18 £ 0.8 3,07 3,02 ) T -M =012 0,26 NS
T - N=0,28 S
M~ N=0,16 NS

BO 20,75 ¥17,15 27,67 19,66 14,58 * 11,04 18,94 3,02 S T -M= 6,80 4,90 S
T - N = 1300 S
M - N = 6,10 S

LE 1,68 = 2,62 228 £313 1.95 * 2,71 1,39 3,02 NS

S -- Significativo

NS — Nio Significativo
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os FNE, embora tivessem ocorrido igualmen-
te em ordem crescente, a partir das 21 ho-
ras, apresentaram médias de freqliéncia sig-
nificativas somente entre os periodos de 21
e 15 horas. Com base nas diferencas signifi-
cativas, conclui-se que Alternaria spp. ocorre
em maior nimero as 15 horas e em menor as
9 e 21 horas; Fusarium spp. ocorre em me-
nor ndmero as 21 horas e em maior nimero
as 9 e 15 horas.

Na Tabela 3 s#do apresentadas as
frequiéncias mensais de isolamento, de acor-
do com os periodos estudados, dos FNE, bo-
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lores e leveduras totais, onde se observa de
maneira geral, aumento de freqiiéncia, nos
meses de outono e inverno. '

Com base na, mgmﬂcancua estatistica (Ta-
bela 4), verifica-se que as 9 horas, FNE ocor-
reram com maior freqiiéncia em agosto e me-
nor em marco; bolores totais com menor
freqiiéncia em janeiro e maior em junho e le-
veduras totais com menores freqgliéncias nos
meses de marco, novembro, dezembro e
maior em agosto.

As 15 horas, os nao esporulados,e, bolores
totais ocorrem com menor freqiiéncia em

Tabela 3 — Média mensal., de acordo com o periodo diario, de FNE, bolores e leveduras isolados do ar

FNE Bolores totais Leveduras totais
Meses
Manhé (M} Tarde (T} Noite (N} Manhé (M) Tarde (T) Noite {N) Manha (M) Tarde (T} Noite (N}

Jan 2,70 £ 3,65 7,10+3,63 3,80 %3,49 9,30+ 10,563 27,00+ 23,37 10,70 £ 5,34 3,00+ 4,19 3,10+ 2,85 2,560 & 3,21
Fev 3,30+ 2,41 3,30 £3,34 3,30 +2,58 12,90 % 10,15 21,60 + 33,29 15,70 £ 11,56 0,80+ 1,03 1,00% 1,26 1,00 % 1,15
Mar 2,60+ 2,32 160+ 1,43 2,50+2,84 12,40+ 7,03 880% 6531240 9,37 0,10+0,32 1,00+ 1,26 1,001,715
Abr 6,50 * 4,60 3,30 £ 4,30 4,20 3,39 30,60 25,81 39,10+ 17,76 19,10 £ 18,84 1,60+2,07 4,50% 6,11 1,70 £ 2,41
Mai 5,90 £ 5,97 7,30 £ 4,22 3,20 £3,05 19,60 £ 13,04 34,10 + 16,94 14,60 £ 12,02 2,403,177 1,70+ 2,756 2,00 £2,26
Jun 7,80+ 6,21 13,50 +9,96 6,30 *4,567 33,80 29,89 38,60 *19,8219,60*11,19 1,70% 2,21 1,10% 1,62 1,60 £1,27
Jul 4,20 £ 4,59 5,60+ 4,74 3,10 +3,28 22,00 £ 13,86 21,60+ 11,66 12,560+ 7,76 1,80% 1,23 4,90+ 3,96 3,80 +6,53
Ago 8,90+ 6,77 8,40 £ 8,29 4,80 +3,26 28,80 * 15,94 24,90 + 18,28 16,30 £ 12,52 4,40+ 4,62 4,80%3,05 2,70+1,57
Set 710+ 4,12 10,80+ 7,79 3,60 3,27 25,50 13,64 32,10 £12,9213,20+12,96 1,20+1,65 2,10+2,28 3,90%+1,73
Out v+ 3,30%2,36 11,40+8,44 4,80+4,78 16,30+ 8,17 37,560+ 17,04 17,90 + 16,24 2,30+2,79 1,50%2,22 1,40+%1,35
Nov 3,79 % 8,14 6,20 + 4,21 5,30 £2,54 22,50 £19,17 26,50 £16,99 13,80 + 7,61 0,50+ 0,71 1,40 £ 1,656 2,10+ 3,07
Dez 5,10+ 2,13 5,60 + 4,70 4,60 £3,78 15,30+ 9,13 19,10 £ 13,72 10,20 + 6,60 0,30+0,67 0,30+0,67 0,60+ 1,58

Tabela 4 — Resumo da anélise da variancia dos grupos de fungos isolados do ar em diferentes meses, num mesmo

periodo
Valor absoluto )
Fungos/Periodo F Fa Resultado da diferenca C Resultado
das médias
FNE-manhé 2,30 1,89 S Ago — Mar = 6,4 6,33 S
QOutros NS
FNE-tarde 3,58 1,89 S Jun — Mar = 11,9 8,88
Out — Mar = 9,8 S
Set — Mar = 9,2 S
Outros NS
FNE-noite 0,97 ,89 NS
Bolores-manha 2,33 ,89 S Jun - Jan = 24,5 24,15 S
Outros NS
Bolores-tarde 2,46 1,89 S Abr — Mar = 30,3 27,54 S
Jun - Mar = 29,8 S
Out — Mar = 28,9 S
Outros NS
Bolores-noite 0,81 1,89 NS
Leveduras-manha 2,56 1,89 S Ago' — Mar = 4,3 3,66 S
Ago — Dez = 4,1 S
Ago — Nov = 3,9 S
Outros NS
Leveduras-tarde 3,29 1,89 S Jul ~ Dez = 4,6 4,24 S
Ago — Dez = 4,5 S
Outros NS
Leveduras-noite 1,24 1,89 NS

Obs.: Valores calculados através dos resultados dasmédias de frequéncias expostas na Tabela 3e relativas aos meses e periodos con-

siderados.

$ — Significativo
NS — Néo Significativo
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marco e maiores, respectivamente em junho,
setembro, outubro e abril, junho, outubro: e
as leveduras ocorrem com maior freqiiéncia
em julho e agosto e menor em dezembro.

As 21 horas ndo houve diferencas signifi-
cativas entre as médias de fregiiéncia dos
fungos considerados.

Discusséo

Somente Epicoccum spp. comportou-se
de maneira idéntica aos bolores totais, ocor-
rendo em ordem crescente de freqiiéncia as
21, 9 e 15 horas. Fungos de outros géneros
foram isolados, de maneira geral, em maior
numero as 15 horas e em menor, as 21 ho-
ras. Em alguns casos as freqgiiéncias verifica-
das as 9 horas n&o diferiram, estatisticamen-
te, das observadas as 21 horas e, em outros,
das obtidas as 15 horas. No cémputo geral,
apesar das diferencas de comportamento en-
tre os géneros, os boiores tiveram menor dis-
persdo no periodo noturno, talvez devido a
existéncia de fator limitante ou, em contra-
posicdo, a acdo de fatores favoraveis no
periodo diurno. Esses resultados sdo
contrarios as afirmacdes de Ali & col. (2) de
que a radiacdo solar tem efeito adverso 3
concentracdo de esporos de fungos no ar.

As leveduras comportaram-se, nos varios
periodos estudados, de maneira diversa dos
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NA VANGUARDA DA TECNOLOGIA NACIONAL

/B : Brizuela

Meios de cultura prontos Estreptolisina Mono-Te_ste
emiplaca. tubo e frascos. Multi-discos para Antibiograma.
Hemocultura-frascos ¢/CO? e vacuo

Sorologia: PPD, Gravi Test. CRPL,

RF Latex Widal, VDRL, RPR. Imunoserum
Im nojogla:Antvsoros, Conjugados, Chagas-Kits Aglutinag3o rapida,
Tampdes. direta e Hemagilutinacdo

Toxoplasma Kits. Aglutinagdo direta
e Hemaglutinacgo,
Descart R
Poliplaca placa de Petri autoclavavel
Placas de microtitulacdo Ue V .
Tubos de centrifuga graduados inlab .
plésticos e transparentes. PrOdutOs,’qufmncos PA
Placas de Petri descartavels Papel Filtro, Laminas com Treponema.
ot ' Papel de-filtro
Toxo e Chagas para imunofluorescéncia.
Capilares, lancetas, idminas e laminulas para

Getman i
. microscopia. .
Membranas Fiiltrantes Absolutas Espectrofotémetro Espectra.
: ASSISTENCIA TECNICA

Conserto e manutencéo de aparelhos para
laboratérios. Pecas originais.




