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SCREENING AND ISOLATION OF ANTI-FUSARIUM MONILIFORME COMPOUNDS
PRODUCING MICROORGANISMS FROM SOIL AND CORN

Marisa Motomural; Carolina E. Lourem;ol; Danielle Venturinil; Yoshio Uenoz*, Elisa Y. Hirooka!

"Universidade Estadual de Londrina, Departamento de Tecnologia de Alimentos e Medicamentos, CCA,
Londrina, PR, Brasil. 2Faculty of Pharmaceutical Sciences, Science University of Tokyo, Shinjuku-ku,

Tokyo, Japan.

ABSTRACT

Fusarium moniliforme, a worldwide corn phytopathogen, is the agent responsible for
production of the most recently discovered mycotoxin denominated fumonisin. With
intention to evaluate antifungal activity on F. moniliforme, 60 soil and 20 corn samples
were screened for active microorganisms, using fumonisin producing F. moniliforme strain
113F. Crude extract was prepared with brain heart infusion-(BHI) culture of selected
microorganisms, and concentrated with addition of ethanol at 1:1 ratio. The procedure
screened 29 soil samples with positive inhibitory activity on F. moniliforme, with isolation
of 36 antagonistic microorganisms. Fifteen corn samples also showed positive screening
results, with isolation of 15 antagonists. The 51 isolates were distributed in 5 yeasts, 3
Gram-positive cocci, 3 Gram-negative cocci and 40 Gram-positive bacilli. All the 51
strains showed inhibitory activity on £ moniliforme 113F, demonstrated by whole culture
method, while only 34 strains showed activity, when culture supernatant of same strains
were assayed by antibiogram test. The sensitivity range of 5 selected antagonist strains
was also compared using 10 toxigenic F. moniliforme. Considering the extracellular
characteristic of these principles, the analysis of crude extract concentrate selected two
Gram-positive cocci and 3 sporulated Gram-positive bacilli, with perspectives of bioactive

substance production, for . moniliforme control.

Key words: F. moniliforme, antagonist, antifungal, biological control, fumonisin.

INTRODUCTION

Fusarium moniliforme, a worldwide com fungi,
occurs in a pathogenic or assymptomatic form and is
incriminated as main fumonisin producing Fusarium
spp. (2,7,18). The evidence of carcinogenicity of
fumonisins, with comproved hepatocarcinogenicity in
rats, caused international impact, leading as one of
main research topic in actual mycotoxicology (7).

At the moment, in view of difficulties to obtain
comn cultivars resistant to fusaria attack, an altemative
solution is succeeded through chemical fungicide

treatment of seeds (13,16). With same purpose, the
diversity of biologycal control emerges as promising
procedure, with advantage in avoiding chemical
pollution of ecosystem (1,3,4,5,11,14,17,18,19,23).

With intention to obtain new biologycal products,
many microorganisms with antimicrobial activity has
been isolated and identified (4).

Bacillus spp. is the main antimicrobial producing
bacteriaisolated from soil, easily cultivated in low cost
culture medium. Its spore forming characteristic
confers better subsistence in adverse conditions, and
resistance to many physico-chemical factors (20).

*  Comesponding author. Mailing address: Faculty of Pharmaceutical Sciences, Science University of Tokyo, 12. Ichigaya,

Funagawara-Machi, Shinjuku-ku, Tokyo, Japan.
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Continuous research on antimicrobial substance of
B. subtilis demonstrated their importance on the
control of phytopathogens both bacteria and fungi
(17,23). Empbhasis is given to iturin, isolated from B.
subtilis and extensively studied for agricultural
application. Kimura and Hirano (9) and Ono and
Kimura (15) extracted iturin A from B. subtilis NK 330
with inhibitory effect against Aspergillus parasiticus
NRRL 2999 and A4. flavus NRRL 3357, which
completely controlled aflatoxin production.

This research purposes isolation of
microorganisms with antifungal activity from soil and
corn. Soil was chosen as material of study, based on
great microbial diversity. Corn was also appointed, as
the close association between pathogen and
component of normal microflora promoves
competition, which propiciate selection of antagonist
to fusaria.

MATERIALS AND METHODS

Screening of antifungal producers:

Soil. Soil samples were collected from forest
reserve of the State University of Londrina, delimited
in 114 areas of 20x20m, according to the mapping
prepared for ecology study purpose. A total of 60 soil
samples (50 surface soil plus 10 samples of 10 cm
depth from same place), in amount of 50g each were
collected, and immediately cooled to 4°C before
plating. One ml of soil diluited at 10" to 10, and 1 ml
of F. moniliforme 113F suspension with 10*
propagules in 0,1% Tween 80 were pour-plated
simultaneously, with 20 ml of potato dextrose agar
(PDA). The plates were incubated at 25°C and
observed daily, during 6 days. Any inhibitory activity
was considered as positive reaction, and isolated
colonies submitted to Gram and Wirtz staining.

Corn. Total of 20 corn samples adquired from 10
cooperatives of the State of Parand, with positive
results to . moniliforme and fumonisin FB1 and FB2
(8), were used to isolate antagonists. Ten grams of corn
was blended with 90 ml of water, diluted to a series of
107 and 1 ml of each dilution pour-plated with 20 ml
of potato dextrose agar. Microorganisms with
inhibitory activity against F. moniliforme, present on
corn’s own microflora were isolated after one week of
incubation at 25°C, transferred to Brain Heart Infusion
(BHI) agar tube, and submitted to Gram and Wirtz
staining .

Test microorganisms. Ten single spore isolated
strains, identified as F. moniliforme (12) were
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selected, comparing 43 toxigenic species previously
isolated from feeds involved in animal intoxications
(8). Fumonisin was detérmined according to Ueno ef
al. (24). Among these strains, F. moniliforme 113F
was used as test organism of choice, based on its high
toxigenic characteristic (54,21 mg/g of FB1 and 87,31
mg/g of FB2).

Assessment of antifungal activity. Two methods
were compared:

Method of Bettiol et al. (5) transferred 0,5cm
diameter disk of PDA with 72 hours culture of F.
moniliforme 113F, on a center of PDA plate and
incubated at 25°C for 48 hours. Screened antagonists
were inoculated at four points, 3,5cm distance from
center. The plate was incubated for more 72 hours, and
evaluated for inhibition halo.

Method of Mckeen et al. (11) used 100p] of BHI
culture supernatant of screened antagonists in the
center well on PDA agar, previously inoculated with
F. moniliforme 113F.

Culture and crude extract. Thirty-four
antifungal substance producing organisms were
reactivated, cultivating the strains two times in BHI
broth at 35°C. Inoculum consisted of a culture with
absorbance of 0,3 at 600nm. Volume equivalent to 5%
of total culture of reactivated organism was transferred
to 25 ml of BHI broth, and incubated at 35°C for 48
hours. Culture supernatant was concentrated
essentialy as described by Abdel-Bar er al. (1).
Supematant added with ethanol at proportion of 1:1
was centrifuged, and alcoholic supernatant dried at
45°C. The material was suspensed with destilled
water, to a 1/5 volume of initial culture and
denominated crude extract.

Antibiogram. Inhibitory activity of crude extracts
on F. moniliforme 113F was tested by method of
Mckeen er al. (11), with some modifications. One ml
of Fusarium suspension with 10* propagules/ml was
pour-plated in 20 ml of PDA and after solidification,
100ul of crude extract, introduced to central well with
10mm diameter. Plates incubated at 25°C was observed
for inhibition halo, at the intervals of 3 to 40 days.

For analysis of sensitivity variation among fungal
strains, five selected antagonists (3 sporulated bacilli
and 2 Gram-positive cocci) were tested on 10 F.
moniliforme strains,

RESULTS AND DISCUSSION

Screening procedure for antagonist isolation from
soil and corn detected 51 microorganisms with



anti-fusarium activity, distributed in 5 yeasts, 3
Gram-positive cocci, 3 Gram-negative cocci and 40
Gram-positive bacilli.

Analysis of 20 comn samples demonstrated 75%
positivity for presence of microorganism with
anti-fungal activity, with isolation of 15 strains. The
same procedure screened 29 (48,3%) positive soil
samples, with isolation of 36 strains (data not shown).
The result confirms occurrence of antagonistic
inhabitant, which allows simultaneous subsistence of
host, pathogen and different kinds of organisms (4). In
addition, the constant presence of F. moniliforme in
corn(6), directed some degree of pre-selection.

Method of Bettiol et al. (5) confirmed inhibitory
activity of all the 51 isolates, while the use of culture

Anti-Fusarium moniliforme compounds producing microorganisms

supernatant by method of Mckeen et al. (11) reduced
the positivity to 34 strains. Extracellular characteristic
of' bioactive component of these 34 strains is a peculiar
advantage, as the scale up of procedure is favoured
essentialy by simplification of extraction process (1),
and concemed to 25 soil isolates and 9 com origin
organisms (Table 1). The data confirms the theory of
competivity (19), as well as the selection by
survivence of pathogen together with microflora, in
same plant substrate (4).

The Table 1 shows morphological characteristics
of corn and soil isolated microorganisms, and
stability-activity response of respective extracts on F.
moniliforme 113F. Inhibition halo diameter produced
by crude extract concentrate ranged from 18 to 30mm,

Table 1. Inhibition of . moniliforme strain 113F by microoganisms isolated from com and soil.

Microorganisms Morphology Inhibition hale (mm) Stability at 25°C (days)
Com M1 Gram positive bacilli 18 10
M2 sporulated Gram positive bacilli 18 10
M3 sporulated Gram positive bacilli 18 3
M35 sporulated Gram positive bacilli 18 15
M8 Gram positive bacilli 20 10
M9 Sporulated Gram positive bacilli 20 10
Ml10 Yeast 20 15
M17 Gram positive bacilli 21 10
MI8 Sporulated Gram positive bacilli 22 15
Soil M4 Sporulated Gram positive bacilli 19 15
Mo Sporulated Gram positive bacilli 19 20
M7 Sporulated Gram positive bacilli 20 30
Ml11 Sporulated Gram positive bacilli 20 40
M12 Sporulated Gram positive bacilli 20 10
Mi13 Gram positive bacilli 20 3
Ml14 Sporulated Gram positive bacilli 22 3
M15 Sporulated Gram positive bacilli 22 15
M16 Sporulated Gram positive bacilli 23 15
M19 Sporulated Gram positive bacilli 23 30
M20 Gram negative cocci 23 10
M21 Sporulated Gram positive bacilli 23 10
M22 Sporulated Gram positive bacilli 24 15
M23 Sporulated Gram positive bacilli 24 20
M24 Gram positive bacilli 24 35
M25 Sporulated Gram positive bacilli 24 10
M26 Sporulated Gram positive bacilli 24 10
M27 Gram positive bacilli 24 3
M28 Sporulated Gram positive bacilli 25 35
M29 Sporulated Gram positive bacilli 25 10
M30 Sporulated Gram positive bacilli 28 5
M31 Gram positive bacilli 28 30
M32 Sporulated Gram positive bacilli 28 10
M33 Sporulated Gram positive bacilli 28 40
M34 Gram positive cocci 30 30

well diameter: 10mm
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with average on 24mm, which persisted for 3 to 40
days, i.e, total analysis time (Table 1). The com
isolated group was composed by 8 Gram-positive
bacilli and 1 yeast. Inhibition halo ranged from 18 to
22mm, and except one strain, evidenced stability of 10
to 15 days (Table 1). The soil isolated group was
composed by 22 Gram-positive bacilli, 2
Gram-positive cocci and 1 Gram-negative cocci, with
active diameter of 19 to 30mm. The effect persisted
from 10 to 40 days (end point of evaluation) in 21
(84%) strains, of which two strains demonstrated
persistance of inhibition halo for 40 days, another 2
strains for 35 days and 4 for 30 days (Table 1).

The data clearly indicated superiority of soil
isolated organism (8), reforcing competivity theory in
adverse environment (25). Isolation of organisms with
high antimicrobial potential, more resistant and easily
cultivated is increased in soil, as these requirements
are indispensable for own survivance. Obtention of
high antifungal activity microorganisms from soil is
related by Baker et al. (3), Kobayashi and Yamaguchi
(10) and Omura ez al. (14).

Otherwise, corn is also an important substrate
intended to isolate microorganisms with antifungal
activity, as F. moniliforme is the most frequent
pathogen of corn (22). Despite of lower activity, 9 comn
isolates produced extracellular active component
(Table 1), in addition to the positivity of 75%, during
sample screening. Corn isolates may serve as
progenitor for new strains, to develop improvement
through genetic techniques.

Five soil isolates were selected based on its
activity-stability response, and antifungal effect tested
on 10 fumonisin producing F. moniliforme (Table 2).
Table 2 shows diverse sensitivity of particular fungal
strains, but better results were obtained with

sporulated Gram-positive bacilli ( M11, M28 and
M33). Identification procedure, proceeding 30
biochemical tests described in Bergey’s Manual of
Systematic Bacteriology (21), with emphasis on
Bacillus spp., indicated M11 as B. subtilis, M28 as B.
bradius and M33 as B. lactesporus.

Evidence of Gram-positive bacilli as main
antifungal compound producer is constantly related in
literature (20). Diversity in stability displayed by
organisms isolated in this study suggests that the
substance produced by each may be biochemically
distinct, from one another. Isolation of yeast (Table 1)
among promissor biocontrol organism is interesting,
as Walker ef al. (26) related Killer toxins as potent
novel antimycotic agents.

Although the datas indicated potential of soil
bacteria metabolites on Fusarium spp. biocontrol, the
simultaneous presence of antagonist and pathogen in
corn suggested application of natural microbial
balance, on Fusarium spp. and fumonisin control in
the field.
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RESUMO

Triagem e isolamento de microrganismos
produtores de substincias anti-Fusarium
moniliforme de solo e milho

Fusarium moniliforme, fitopatdgeno cosmopolita
de milho, € responsavel pela produgfio de micotoxina
recentemente descoberta, denominada fumonisina.

Table 2. Effect of crude extract concentrate of five selected antagonists on fumonisin producing . moniliforme.

F. moniliforme Fumonisins (mg/g)

Inhibition halo (mm) Antagonists

Strains FB1 FB2 Mll M28 M3l M33 M34
971 35.82 33.39 25 22 23 25 42
164H 12.09 14,59 23 25 18 23 R
103A 3231 25.17 30 24 R 23 R
118BR 23.53 25.49 25 21 R 24 R
104B 27.55 25.93 20 R 35 21 15
113B 29.49 24.28 26 35 17 15 R
113F 54.21 $7.31 20 25 28 28 30
118F 3793 39.64 23 26 22 22 35
119E 37.10 29.00 23 25 R R 30
118A 39.11 43.73 R 22 20 25 25

R: Resistant

halo diameter: 10 mm
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Com a finalidade de avaliar a inibigdo de F.
moniliforme, 34 antagonistas isolados de 60 amostras
de solo e de 20 amostras de milho foram testados
contra I, moniliforme 113F, produtor de fumonisina.
O extrato bruto foi preparado com a cultura de
microrganismos selecionados em caldo infuso de
cérebro e coragdo (BHI) e concentrados,
adicionando-se etanol na proporgdo 1:1. A presenga
de organismos inibidores de F. moniliforme ocorreu
em 29 amostras de solo, obtendo-se 36
microrganismos antagonistas. Referente ao milho, 15
amostras apresentaram microrganismos inibidores,
permitindo o isolamento de 15 antagonistas. A
caracterizagfo destes 51 isolados demonstrou que 5
consistiram de leveduras, 3 cocos Gram-positivos, 3
cocos Gram-negativos e 40 bacilos Gram-positivos,
destacando-se a predomindncia do dltimo grupo.
Todos os 51 isolados apresentaram atividade inibidora
sobre F. moniliforme 113F, empregando-se o método
de cultura integra. Entretanto, a analise de
sobrenadante de cultura, pelo antibiograma detectou
apenas 34 linhagens positivas. A variabilidade na
sensibilidade entre as linhagens foi testada,
empregando-se 10 F. moniliforme toxigénicos, frente
a 5 antagonistas selecionados. Considerando as
caracteristicas extracelulares destes principios ativos,
aanalise dos respectivos extratos brutos concentrados,
selecionou 2 cocos Gram-positivos ¢ 3 bacilos
Gram-positivos esporulados, com boas perspectivas
na obtengéo de produtos bioativos, para o controle de
F.moniliforme.

Palavras-chave: F. moniliforme, antagonistas,
antifingico, controle bioldgico, fumonisinas.
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ABSTRACT

Strains of Aspergillus flavus, Aspergillus fumigatus and Aspergillus niger isolated from
samples obtained from the gold extraction plant of ““Mineragéo Morro Velho™” (Nova Lima,
Brazil) were tested for removal of heavy metals in a solution containing cyanide obtained
from the gold extraction plant (leach liquor). The ability of these fungi to remove gold,
silver and copper through metabolism-independent processes (dried biomass) and after
growth in leach liquor was investigated. The dried fungal biomass resulted in weak
biosorbents, a fact probably due to the high cyanide concentration in leach liquor, whereas
metabolically active cells of A. fumigatus and A. niger presented greater ability to remove
metals. The metabolic activity should be considered for the removal of heavy metals from
cyanide-containing solutions obtained from the gold mining industry.

Key words: Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, biosorption,

cyanide, heavy metals.

INTRODUCTION

Some fungi are found in aquatic environments
contaminated with high metal concentrations and may
present tolerance to and ability to accumulate metal
ions (2). Fungi may accumulate metals by biosorption,
a process through which metals are rapidly
accumulated via physico-chemical mechanisms that
do not depend on metabolism, and by bioaccumulation
that is a slower metabolic process and may result in
more accumulation than biosorption (3). These
metal-accumulative processes by microorganisms are
of current industrial interest, mainly because they may
provide the development of bioprocesses for the
reduction of toxic metal levels or even for the recovery
of valuable metals from liquid wastes (10).

Various studies have proved that biosorbents have
efficient and potent capacity of accumulation of

metals present in synthetic solutions (11). However,
relatively little is known about biosorption of metals
in real solutions (1, 5). Solutions originating from
industrial activity are not simple and homogeneous
metal solutions, but usually include various ions and
organic and inorganic ligands. Cyanide is a strong
ligand of metals and solutions containing this
substance are commonly used in the extraction of gold
from ores. These solutions contain various anionic
cyano-metallic complexes and sulfur and arsenic
compounds after ore treatment (leach liquor) (9).

In this study we evaluated the ability of three
species of Aspergillus, isolated from a gold extraction
plant, to remove gold, silver and copper from leach
liquor in the form of dried biomass
(metabolism-independent process - biosorption) and
living fungi (after growth in the leach liquor). This
strain of Aspergillus niger has been previously

*  Corresponding author. Mailing address: Laboratério de Fermentagdo, Departamento de Microbiologia, ICB UFMG, Caixa Postal: 486,
CEP 31270-970, Belo Horizonte, MG, Brasil. Fax number: (55 31 441-1412).
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investigated by Gomes (4). In the present study it was
tested for biosorptive ability and compared with the
other two fungi in the experiments that evaluated the
ability of the fungi to remove metals after growth in
the leach liquor.

MATERIALS AND METHODS

Microorganisms. The fungal strains were isolated
from samples obtained from a gold extraction plant as
described previously (4). The strains were cultivated
at 30°C and maintained at 4°C on modified Sabouraud
agar medium (0.5 % yeast extract, 1 % peptone, 2 %
glucose and 2 % agar).

Leach liquor. The leach liquor sample used in all
experiments was obtained from the gold extraction
plant of “Mineragdo Morro Velho” (Nova Lima,
Brazil) which showed the following composition: 198
mg/l CN ,as total cyanide; 2.76 mg/l Au; 0.63 mg/l
Ag; 25.0 mg/l Cu; 23.0 mg/l Fe and 1.68 mg/l Zn. All
experiments used a solution ofleach liquor originating
from the same sample.

Metal removal by fungi after growth in the
leach liquor. A spore suspension of the fungi was
inoculated in 50 ml of filter-sterilized leach liquor
enriched with 0.5% peptone and 1% glucose (LLE
medium). The fungi were incubated in 250 ml shaker
flasks at an inoculum level of 1.5 x 10* spores ml™, for
84 hours under constant shaking (80 rpm) at 30°C (4).
After this period the fungal biomass was filtered using
0.45 pm Millipore filter membrane and dry weight was
determined. The pH and concentration of metals (Ag,
Au and Cu) were measured in the supernatant.
Controls consisted of the incubation of LLE medium
without fungi to determine the removal of metals by
abiotic factors. The control (uninoculated LLE
medium) was acidified by the addition of 1N HCI and
filtered after 12 hours of incubation, and metals were
determined in the supernatant. The amount of metals
removed was determined by atomic absorption
spectrophotometry with a Varian air-acetylene flame
model AA-475 and considered as the difference
between the initial concentration and the
concentration of metals after fungal growth.

Metal biosorption by dried biomass. The
biomass for biosorption experiments was obtained by
growing the fungi in modified Sabouraud broth for 72
hours under constant shaking (80 rpm) at 30°C, the
resulting growth being harvested by filtration through
Whatman # 42 filter paper. Fungal biomass samples
were washed three times with distilled deionized

Removal of gold, silver and copper by fungi

water, dried at 60°C to constant weight and ground
with a mortar and pestile prior to determination of
metal biosorption. Activated carbon was tested for
comparison with the fungal biosorbents. Experiments
were done using 0.05g of fungal biomass or activated
carbon powder in 50 ml of leach liquor at different pH
values (4.0, 6.0, 8.0 and 10). The contact of the
sorbents and metals in solution was performed in 250
ml Erlenmeyers flasks for 3 hours under constant
shaking (160 rpm) at 30°C. The pH was controlled by
the addition of IN HCl or 1N NaOH until stabilization.
At the end of the incubation time the sorbents were
passed through a 0.45 pm Millipore filter membrane
and the supernatant was analyzed by atomic
absorption spectrophotometry. Controls consisted of
the incubation of leach liquor without sorbents under
the conditions described above. The amount of metal
removed was determined as the difference between the
initial concentration and the concentration of metals
after contact with the sorbent The glassware used in
the experiments was washed with detergent
(Alconox-INLAB) and 3N HNOs and rinsed several
times with distilled deionized water prior to use to
avoid contamination with metals.

RESULTS AND DISCUSSION

The fungi tested for the ability to grow and remove
metals from a solution containing cyanide and metals
enriched with nutrients (LLE) presented distinct
characteristics, in terms of growth, medium
acidification and metal removal (Table 1). Aspergillus
JSumigatus presented highest growth (2.7 mg dry
wt.ml™") and removed 35% of gold, 67% of silver and
87% of copper. Aspergillus niger presented the lowest
growth (0.42 mg dry wtnl™'), promoted the most
intense acidification of the medium and was the most
efficient in terms of gold and silver removal (37% and
100% respectively). The ability of A. niger to remove
metals from leach liquor during growth has been
previously characterized and the present results were
similar to those described by Gomes (4). Aspergillus
Savus grew twice as much as 4. niger, but presented
a lower removal of gold and silver, about 1% and 3%
respectively, and removed about 62% of copper
present in LLE medium. Most of the copper removal
from LLE medium was probably due to the
acidification caused by fungal growth. Due to the
presence of cyanide the metals form cyano-metallic
complexes in the leach liquor. Cyano-metallic
complexes become less soluble as the acidity of the
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Table 1 - Fungal growth, medium pH and percentage of gold, silver and copper removed by Aspergillus flavus, Aspergillus fumigatus and

Aspergillus niger after 84 hours of incubation in leach liquor.

Growth

Au (%) Ag (%) Cu (%)

Strains (mg dry wt.anI™") (Culturg fllxedium) (C=276mgL")  (IC=063mgl")  (dC=25mgL?)
A. flavus 0.85 5.20 1.50 3.18 62.18
A. fumigatus 2.70 453 3545 66.67 86.91
A. niger 0.42 3.60 36.97 100 81.49
Control 1 = 7.90 - 1.00 26.08
Control 2 - 5.00 = 0.80 40.00
Control 3 - 35 - 1.00 45.20

Controls (1, 2 e 3) - Correspond to fungus-free LLE medium to determine the removal of metals by pH acidification.
(IC) - Corresponds to the initial concentration of the metal in the medium.

(-) - Absence of growth or metal removal.
The values are means of duplicate experiments.

medium increases, differing from the usual behaviour
of metallic cations in solution (9). Almost 45 % of
copper was removed due to precipitation after
acidification of the uninoculated LLE medium (Table
1). Therefore, the acidification caused by fungi in LLE
medium may have resulted in the precipitation of
copper at the same rate as observed in the uninoculated
LLE.

In the biosorption experiments the amount of
copper removed by dricd biomass at pH 4.0, 6.0 and
8.0 (Fig. 1 A, B, C), was similar to the amount of
copper removed in the control flasks (without
biomass) (Fig. 1 E). Probably, the copper was removed
by precipitation at this pH range. At pH 10 the
concentration of copper in control flasks did not
change and the biomasses of A. flavus, A. fumigatus
and 4. niger were responsible for the removal of 9, 11
and 15 % of the metal, respectively. In control
experiments gold and silver were the most stable
metals and their removal due to precipitation or
adsorption to glass was lower than 1.5%. About 20%
of silver was accumulated by dried biomass of 4.
flavus at pH 10, and the biomass of A. niger
accumulated 11.1 % at pH 8.0 and 10.8% at pH 10.
The dried biomass of all the fungi tested presented
biosorptive ability at pH 10 and the biomass of 4. niger
also removed silver at pH 8.0. Aspergillus flavus was
the only strain that removed gold by biosorption (about
4% at pH 10). The pH can aftfect the charges of metal
complexes and the adsorbent surface, being one of the
main components regulating the biosorption of metals.
The dependence on pH for metal removal by dried
mycelia in the leach liquor may have occurred due to
electrostatic interactions between the fungal surface
and the cyano-metallic complexes.

The pH also affected the removal of copper and
silver by activated carbon. Copper removal was lower
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and silver removal increased when the pH rose from
4.0 to 10.0. Gold was efficiently removed from leach
liquor at all pH values tested. These results are in
agreement with the literature (6, 7). The removal of
copper by activated carbon was higher than in control
experiments at all pH values tested (Fig. 1 D). The
removal of gold, silver and copper by the dried
biomass of all fungi studied was lower than that of
activated carbon at all pH values tested.

Among the fungi tested, A. niger had been
previously evaluated for biosorbent ability in synthetic
solutions. Kuyucak and Volesky (5) reported that A.
niger biomass had the ability to accumulate
approximately 170 mg gold per g biomass. Mullen et
al. (8) observed that A. niger biomass was able to
remove approximately 90% of silver in a solution
containing 0.1 mM of the metal. However, even
though the ability of 4. niger to remove gold and silver
was proved by these investigators, the results obtained
here with this fungal species were divergent. This was
due to the fact that we evaluated the biosorbent ability
of A. niger biomass in a real solution originating from
a gold extraction plant which contained other metals
and complex-forming agents that commonly interfere
with metal biosorption removal.

In the present study the dried biomass of the fungal
strains investigated presented a low capacity to
biosorbe metals from leach liquor, which was much
lower than the capacity of activated carbon. The living
fungi A. niger and A. fumigatus accumulated more
metals after growth in leach liquor than when they
were metabolically inactive. This may be explained by
the ability of living fungi to exhibit different
mechanisms of resistance which are induced by metal
ions or intrinsic properties that could enable them to
accumulate free or complexed metals. The removal of
metals in industrial solutions using technologies based
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Figure 1 - Gold (QIC=2.76 mg.L'l), silver (A IC =0.63 mg.L'l) and copper (O IC =25 mg.L'l) removal from leach liquor at different
pH values by dried biomass of Aspergillus flavus (A), Aspergillus fumigatus (B), Aspergillus niger (C), activated carbon (D) and in control
(without biomass) (E). IC corresponds to the initial concentration of the metal in solution. The values are the means of duplicate experiments.

on the action of microorganisms provides an
alternative or an additional method for the removal or
recovery of these elements. However, tests using real
solutions and evaluation of the advantages and
disavantages of the use of live or dead microorganisms
are an absolute necessity.
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RESUMO

Remogao de ouro, prata e cobre por fungos
viaveis e invidveis em um liquor de lixiviagio
obtido da industria de mineracéiio de ouro.

Trés linhagens de fungos, identificadas como
Aspergillus flavus, Aspergillus fumigatus e
Aspergillus niger, isoladas de amostras da planta de

extragdio de ouro da Mineragdo Morro Velho (Nova
Lima, Brasil), foram testadas quanto a capacidade de
remover metais pesados em uma solugdo obtida do
circuito de beneficiamento de minério de ouro da
mineragdo (liquor de lixiviagdo). Foi investida a
habilidade desses fungos em remover ouro, prata ¢
cobre via processos independentes do metabolismo
(biomassa seca) ¢ células cultivadas no liquor de
lixiviagdo. A biomassa seca das trés linhagens
estudadas apresentou uma baixa capacidade de
bissorgdo de metais, provavelmente devido a elevada
concentragio de cianeto no liquor de lixiviagdo. Os
fungos A. fumigatus e A. niger, quando
metabolicamente ativos, apresentaram uma elevada
habilidade de remogdo desses metais. A presenga de
atividade metabélica nas células fangicas foi
considerada como um fator importante para a remog¢ao
de metais pesados de solugdes contendo cianeto
provenientes da industria de mineragéo do ouro.

Palavras-chave: Aspergillus flavus, Aspergillus

fumigatus, Aspergillus niger, biossorgdo, cianeto,

metais preciosos.
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ABSTRACT

One of the standard methods for the determination of microbicidal activity is to measure
the rate of suspended (planktonic) and/or sessile cell death. The role of diffusion within
the biofilm on the kinetics of sessile cell death is generally not considered. It is known that,
in the majority of cases, sessile cells are more resistant to microbicidal substances than are
planktonic cells. The reasons for this increased resistance have been considered to be
altered cell physiology or failure of the microbicide to penetrate the biofilms. A model is
presented which demonstrates how the rate of diffusion of microbicides through a biofilm
influences the rate of cell death. The calculations may be performed using a simple
spreadsheet package. The results show a biofilm will decrease the rate of cell death when
microbial physiology in the biofilm is unaltered, especially where the concentration
exponent of the microbicide is high. Using this model, the microbicide concentrations
required to kill equivalent numbers of sessile and planktonic cells in the same physiological
state in a given time may be estimated if diffusion rates are known. The effects of altered
cell metabolism may be considered only once the effect of diffusional time-lag on the rate

of cell death within the biofilm is known.

Key words: Biocide; biofilm; microbicide; model; diffusion

INTRODUCTION

Increasingly, the scientific literature in the areas of
medical, food and industrial microbiology has
reported the problems concerned with microbial
biofilms (21). These assemblages of cells, which form
on any surface in a biologically active environment,
may be the cause of failure of antibiotic treatment (e.g.
in infections in the lungs (19) and on the surfaces of
implanted prostheses (2)), corrosion of metal
structures in industry (13) and tooth decay (15).
Biofilms are also important in other industrial
problems such as blocked pipes and filters (25) and in
transfer of microbial contaminants via food
preparation equipment (3, 18). In addition they may

act as reservoirs of infection in clinical, industrial and
domestic environments (5, 17, 21).

It is well known that microorganisms present in
biofilms are in some way protected from the action of
antimicrobial agents (10, 16), either by lack of
penetration of the chemicals through the
polysaccharide matrix (6) and/or because of an altered
cell sensitivity (11, 12). An accepted method for
measuring microbicidal activity in the laboratory is to
determine a time-kill relationship with respect to
microbicide concentration. At any given temperature
and microbicide concentration, the rate of cell death is
usually an approximately first order process (20,22).
The physiological state of the microorganisms is
important and factors such as nutrients, ionic strength,

*  Corresponding author. Mailing address: Departamento de Solos, Faculdade de Agronomia, UFRGS, Av. Bento Goncalves 7712, Porto
Alegre - RS. CEP 90001-970. Tel. (051) 316 6026 Fax: (051) 316-6029 ou (051) 336 1211
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pH and the age of the culture modify the rate of cell
death (8, 11, 12). Microorganisms present in biofilms
often show marked differences in their metabolism
and metabolic rate compared to suspended
(planktonic) organisms of the same strain and species
grown in identical media (1) and this could affect their
sensitivity to inhibitory and cidal agents (14).

The most common methods used to assay
microbicides against sessile microorganisms
determine minimum cidal concentrations (25), or
reduction in cell numbers after a given time (17). In
this type of assay, the notion of innate microbial
resistance in a system in which diffusional time-lag
must occur is nonsensical. The model presented here
was developed in an attcmpt to determine the effect of
microbicide diffusion through the biofilm on the rate
of sessile cell death and hence to be able to assess the
relevance of other factors, such as altered physiology,
on cell death.

For the purpose of the development of the model,
it has been assumed that the rate of cell death is
dependent solely on microbicide concentration and is
identical in both the suspended cells and the biofilm;
that is, that the planktonic and sessile cells are equally
sensitive to the microbicide. Only when the interaction
between the kinetics of diffusion and cell death are
known can one attempt to assess the possible effects
of microbial physiology in biofilms in a meaningful
manner.

MATERIALS AND METHODS

Description of the kinetic model. In the presence
of many microbicides, the number of viable cells
declines exponentially with time when temperature
and concentration of the chemical agent remain
constant. Diffusion rates of chemicals through a
membrane (or biofilm) are normally proportional to
the concentration gradient in the direction of the
measured flux. Although both of these statements refer
to phenomenological relationships, these processes
are readily treated mathematically as having first order
kinetics. The effct of microbicide concentration on the
rate of cell death varies with the power of microbicide
concentration. The exponent varies between 0.5 and
19 for different chemicals (2, 23).

In this model, the following assumptions are
made:

- cell death is a first order process determined by
microbicide concentration and a concentration
exponent
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~ the diffusional resistance of the unstirred surface
layer is both constant and small compared to the
diffusional resistance of the biofilm

- therate of cell death is proportional to microbicide
concentration for cells both in the biofilm and in
suspension

— the activity coefficient of the microbicide at any
concentration is identical both in the biofilm and
in solution and does not vary with concentration

— the half-life of the cells in the presence of
microbicide (Bti) is one time unit when the
concentration of the microbicide is unity.

This system can easily be modelled on many
standard spreadsheets; these graphs were prepared and
the calculations performed on a Lotus-123 package.
Standard spreadsheet programs do not allow the use
of all the memory available in most computers. This
memory limitation does not allow the steps to be
sufficiently small to avoid errors accumulating in
repeated calculations, unless care is taken. To avoid
such errors, the number of sequential steps must be
limited, or small steps may be included and the move
funcion may be used to complete a series of repeated
calculations.

Spreadsheet calculations. The spreadsheet
calculations are shown here. For those unused to
spreadsheets, the details of all the column entries
required (including column headings) are shown in the
second paragraph of each instruction (beginning
"Enter....").

1. Column A: Create a time series in column A (0,
0+dt, dt+dt....).

Enter *Time in [A;1], 0 in [A;5], then +A5+dt in

[A;6] and use the copy control to enter this value

in as many rows as desired.

2. Column B: Create a first order regression line
{6-([A;n] x (log2))}, where 6 is the logarithm of
the initial cell number, A is the column and n is the
row number. This is the rate of cell death when the
microbicide at unit concentration kills 50% of the
cells in 1 time unit (Bti2 = 1 when ¢ = 1).

Enter 'login [B;1], Cell No. in [B;2], ’Suspended

in [B;3] and 6-A5*@LOG(2) in [B;5]. Copy [B;5]

as many times as required.

3. Column C: Calulate how the microbicide
concentration at any arbitrary point increases from
t=0 assuming a first order process. The diffusional
half-life constant (Dt1/2) may be any chosen value.
Enter ’Concentration in [C;1] and
(1-(107(-A5*(@LOG(2)/z))))*c in [C;5] and copy
to the other rows. z is the ratio (Dt12)/(Bt112) and ¢



is the microbicide concentration relative to the

selected concentration. Note, when entering

formulae, there must be no gaps between
characters.

N.B. In the model used here, (Bti2)=1,c=1 and

z=100.

4. Column D: Using the value [C;n], calculate a value
using the power exponent (x) for the chosen
microbicide.

Enter +C5”x in [D;5] and then copy to the other

rows. .
5a. Column E: Calculate the rate of cell death from the

values in column D. Use the geometric mean of the

values in [D;n] and [D;n-1], except when [D;n-1]

=0, when [D;n1/2] should be used.

5b. Calculate the rematning viable cell number at each
time.

5¢. Calculate the logarithm of the number of cells
remaining at each time.

Enter ’log in [E;1], *Cell No in [E;2],’sessile in

[E;3], 6 in [E;5],

+ES5-((D5+D6)/2)*@LOG(2)) in [E;6],

+E6-(((D6*D7)M0.5)*@LOG(2)) in [E;7], then

copy [E;7] to the remaining rows.

Columns C and D may be combined and the
copying may be carried out in all columns below row
7 simultaneously.

To display the results graphically against time, dt
=1 was selected here.

RESULTS AND DISCUSSION

Smith (22) shows the effect which diffusion
time-lag of a biocide into cells has on the rate of cell
death when the concentration exponent is unity. This,
however, is a rare occurrence and this simplified
model has not been used here.

Figs. 1 and 2 show the theoretical time-kill curves
for two microbicides with very different kinetics. The
examples chosen are a phenolic agent, such as might
be used as a disinfectant, and a heavy metal of the type
frequently used in industry or as a topical application
in the clinical situation. The phenolic agent (Fig. 1) is
assumed to have a concentration exponent of 6 and the
heavy metal (Fig. 2) one of 0.7. This signifies that, for
a twofold increase in concentration of each agent, the
rate of cell death increases by 2 and 2°7 respectively.
These figures are in accord with those reported in the
literature (2, 23).

For both microbicides, line A represents the
time-kill curve for suspended cells at a nominal active

Microbicidal action in biofilms

agent concentration of 1 unit weight per unit volume
and a Bti2 value of 1 time unit. The other lines show
the curves for sessile cells at various multiples of this
microbicide concentration. The diffusion rate of the
microbicide into the biofilm is assumed to be such that
time taken to reach half maximum concentration
(Dt12) 1s 100 times that of the cell half-life (Btis2). This
ratio (Dti2:Bti2) has been exaggerated in order to
show more clearly the effect of the diffusional lag. It
is immediately obvious that for similar microbicide
concentrations the reduction in cell numbers in the
biofilm will never equal that in the suspension (line A
will never cross the line representing sessile cell death
for ¢ = 1). Indeed, for the phenolic agent, the line for
sessile cell death rate at ¢ = 1 is almost horizontal,
indicating that the cells within the biofilm are killed
extremely slowly up to the time shown in Fig. 1. The
slow initial rate of sessile cell death may be seen at all
concentrations. Agents with a high concentration
exponent, such as phenolics and penicillin (6, 7), will
tend to show this effect, as their reduced concentration
in the biofilm will affect their cidal action to a much
greater extent than chemicals with a low concentration
exponent, such as the heavy metal used in this
example.
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Figure 1. Logarithm of sessile cell numbers against time for a
phenolic agent with a concentration exponent of 6. Cell half-life
(Bt12) is 1 time unit when microbiocide concentration is 1 unit
weight/unit volume and time taken for the concentration in the
biofilm to altain half the maximum value (Dty/2) is 100 time units.
Line A represents death of suspended cells (Dtiz = 0) at a
concentration of unity. Numbers on the other lines indicate
microbicide concentrations external to the biofilm.
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Figura 2. Logarithm of sessile cell numbers against time for a heavy
metal agent with a concentration exponent of 0.7. Conditions and
notations are the same as in Figure 1.

A 12-fold incrcasc in microbicide concentration is
required to produce a 10°-fold reduction in sessile cells
in the same time interval as for suspended cells when
the ti/2 value for diffusion within the biofilm (Dt1/2) is
100 times the t12 value for microbicide-induced cell
death (Bti/2) and the concentration exponent is 6 (the
phenolic agent). When the concentration exponent is
0.7 (the heavy metal), the equivalent increase in
concentration is 17 times.

The effect of diffusion rate on the rate of cell death
is complex, since the factors determining the rate of
increase of the "free" microbicide in the biofilm (i.e.
that available in the aqueous phase to act against
microbial cells) are also complex. We have reported
that the partition coefficient for the uptake of a simple
biocide (a copper salt) by a model biofilm is
concentration-dependent; we inferred that the biocide
was held in the biofilm in three ways: by ionic forces,
as a complex and in solution (9). With other
microbicidal agents, hydrogen bonding, covalent
bonding and Van der Waals forces may also be
important. When the chemical produces aggregates or
complexes in solution or in the biofilm, the diffusion
constants for each of the chemical species produced
will vary; formaldehyde and surfactants are two
examples of substances that tend to have this property
of auto-association. The rate of formation of these
various complexes may be a simple first order process,
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or may be complex. Even when the concentration of a
microbicide in a biofilm may be determined by
experiment, much of it may be held in inactive forms.
Most such chemicals are reactive and will bind to the
abiotic components of a biofilm. Simple diffusion (if
it is indeed simple) will act together with other rate
constants to determine the "free" concentration of
microbicide. These time-dependent processes will all
ensure that the rate of cell death departs from a first
order relationship. When diffusion or other factors
cause the concentration of "free" microbicide to vary
with time, a semi-logarithmic plot of cell number
against time will not be linear. This departure from
linearity shows that diffusional delays are an
important factor in determining microbicide activity
in biofilms. Until this aspect of the activity of
antimicrobial agents on sessile organisms is better
understood, any suggestion about the role of the
physiological state of the sessile cells in resistance is
unfounded.

Application of microbicides for short periods, even
at high concentrations, will be ineffective if a
sufficient cidal level acting for sufficient time is not
attained in the biofilm. As shown in Fig. 1, when the
agent has a high concentrtion exponent, no detectable
microbicide-induced death will occur in the biofilm
for a long period even though the concentration in the
environment outside is many times that required to kill
cells efficiently in suspension.

In practice, then, inhibitory or cidal substances that
are unstable or which may penetrate biofilms slowly
should be avoided as much as possible, especially if
they have a high concentration exponent. Prolonged
exposure and/or high concentrations of the chemicals
are needed to treat organisms within biofilms.

RESUMO

Um modelo teérico que descreve a influéncia da
difusio na ag¢io de microbicidas em biofilmes

Um dos métodos padrdes para avaliar a atividade
de um microbicida é a medida da taxa de morte de
células sésseis ou em suspensdo (planctonicas).
Sabe-se que, na maioria dos casos, células sésseis sdo
mais resistentes as substdncias inibidoras do que as
células plancténicas. Este aumento de resisténcia pode
ser devido 4 mudanga na fisiologia das células ou a
falta de penetragdo do microbicida no biofilme. Um
modelo que demonstra a influéncia da taxa de
penetragio de microbicidas sobre a morte das células



¢ apresentado. Os calculos podem ser feitos por
computador utilizando-se programas de planilhas
eletronicas. Os resultados mostram que o biofilme
reduz a taxa de morte das células, quando a fisiologia
microbiana nfo é alterada. Pelo modelo, pode-se
estimar a concentragio de microbicida necessaria para
matar tanto células sésseis quanto células em
suspensdo, no mestmo estado fisiologico, num tempo
determinado, se as taxas de difusédo forem conhecidas.
Os efeitos de mudangas do metabolismo celular
podem ser considerados somente quando o efeito da
difuséo sobre a taxa de morte for conhecido.

Palavras-chave: Biocida; biofilme; microbicida;
modelo; difusido
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ABSTRACT

Colletotrichum gloeosporioides isolates obtained from avocado trees grown in
Northeastern Brazil were studied in monoconidial cultures. Most isolates produced
concentric rings of conidial masses on PDA in response to alternating fluorescent light and
darkness. Some monoconidial cultures formed perithecia and low conidial production,
whereas the others have given high conidial production without perithecia. In general, the
sclerotia were small, black, and round in shape. Conidia were produced in succession from
the tips of phialidic or non phialidic conidiophores or in some cases, from the tips of setae,
which were straight, septate, dark, usually lighter at the apex All monoconidial isolates
within or between each geographical area showed variation in relation to conidia and
appressoria size. Probably, differences in size encountered to conidia of C. gloeosporioides
isolates studied were due in part to the type production.

Key words: anthracnose, avocado, Colletotrichum gloeosporioides, cultural and

morphological characterization.

INTRODUCTION

Colletotrichum gloeosporioides (Penz.) Sacc.,
teleomorph: Glomerella cingulata (Stonem.) Spauld
and Schrenk, causal agent of the anthracnose diseases,
occurs on numerous crops in tropical and subtropical
regions, especially in warm, humid areas. The disease
symptoms induced by the pathogen are characterized
by necrotic leaf spots, blight and flower drop, fruit rot
and fruit drop, cankers and dieback of the branches,
and, in some cases, damping-off.

Avocado anthracnose is one of the most important
diseases of this crop in many countries because it may
cause postharvest fruit-rotting. According to Binyamini
and Schffmann-Nadel (5), germinated spores of C.
gloeosporioides persist on unripe fruits of avocado
(Persea gratissima 1.) through appressoria, but fungal
development occurs only during fruit softening. Prusky

et al. (20) have provided evidence that infection remains
latent until the fruit ripens because of the presence of an
inhibitory compound contained in unripe fruits. As fruits
ripen the concentration of the compound decreases,
allowing infection to proceed. The fungus then produces
conidia arranged concentrically or scattered in
dark-colored spots or in slightly sunken lesions. Under
conditions favorable for sporulation the lesions are soon
covered with masses of pink colored conidia which
spread the disease. The pathogen survives and
reproduces on many perenial plants in the same way (12).

The anthracnose symptoms in general are similar
in all avocado hosts from different areas, but the causal
agent varies in its cultural and morphological
characters. Shear and Wood (22) studied isolates of G.
cingulata from many plants collected over a wide
geographical range and found extreme variability
within as well as among isolates from a given host.

*  Corresponding author. Mailing address: Area de Fitossanidade, Departamento de Agronomia, Universidade Federal Rural de
Pernambuco, Av. Dom Manoel de Medeiros, s/n. Dois Irmfos, CEP 52171-900, Recife, PE, Brasil.
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They referred isolates from 34 different hosts to G.
cingulata. Arx (4) considered the C. gloeosporioides
anamorph of G. cingulata as composed of a
heterogeneous group of types which he separated into
nine subspecific forms. Sutton (24) regarded the
variation in C. gloeosporioides as so great that the
species could not be effectively circumscribed. Andes
and Keit (3) concluded that the genetic constitution of
the fungus is the major factor responsible for the wide
variability of C. gloeosporioides in vitro. Nelson (18)
emphasized that the stability of morphological
characters under variable environmental conditions is
fundamental to taxonomic studies and the
development of stable species concepts. Snyder (23)
observed that genotypic and phenotypic variability
must be taken into account in delimiting species. Such
variability can be detected experimentally using the
single-spore method of culturing isolates and
comparing them.

The aims of the present study were to compare the
isolates of C. gloeosporioides from avocado trees
growing in different geographics areas of
Northeastern Brazil, and to determine the variability
based on morphological and cultural characteristics
using monoconidial cultures. Such data should
provide researchers in the region with greater
confidence in identifying these pathogens to species.

MATERIALS AND METHODS

Sources of isolates. Plant material was collected
on July, 1984 from six different geographical areas in
five coastal states in Northeastern Brazil, and the
isolates were obtained from avocado leaf spots
showing typical symptoms of anthracnose diseases.
Leaves were first washed with soap and water, then
small pieces were removed from the margins of
lesions and surface sterilized in 1.5% sodium
hypochlorite solution, rinsed twice in sterile distilled
water, and placed in Petri dishes containing potato
dextrose agar (PDA). The material was incubated at
room temperature (28°C), for five days and the fungal
colonies that developed were transferred to test tubes
for storage and further study, on August in the same
year.

Cultural characteristics. Studies were conducted
on cultural characteristics of the isolates on PDA. Pure
cultures were grown on 13 ml medium in Petri dishes
at 25°C, for 10 days, for inoculum. For each original
isolate, 15 monoconidial subcultures were made, and
replicated three times. A conidial suspension in 10 ml

Colletotrichum gloeosporioides from avocado trees

sterile water was adjusted to contain one to ten conidia
under the low power (10x) microscope field (26). One
ml of the conidial suspension was placed in the center
of a solidified agar plate and spread with a sterile bent
glass rod. The dishes were incubated for 24 hours in
an inclined position at room temperature, then they
were examined under a dissecting microscope. Small
bits of agar contained a single conidium were
transferred to the center of fresh PDA dishes, one
conidium per dish. Monoconidial cultures were grown
under a daily alternating 12 hr light/12 hr dark regime
(““cool white”” fluorescent light) for 15 days, at 25°C.
For each monoconidial culture, colony color, presence
of sclerotia, setae, perithecia, sector formation, and
conidial production, were observed.

Sporulation. For conidial production studies,
conidial suspensions were prepared from each
monoconidial isolate by flooding 15-day-old cultures
with 20 ml of sterile distilled water, and then scraping
the agar surface with a soft brush. The conidial
suspensions were filtered through two layers of
cheesecloth, and concentrations were determined with
an improved Neubauer hemacytometer (25, 27).

Morphological characteristics. Studies were made
to determine the color, shape, and size of conidia,
appressoria and other structures of C. gloeosporioides
isolates, using monoconidial cultures.

Measurements of conidium size were made using
samples of 50 units for each of the 90 monoconidial
cultures. The conidial suspension was prepared as
described above for the sporulation studies. Averages
for length and width, and the size range of conidia were
determined. Means of conidia between locations were
compared by Duncan’s multiple range test.

For appressoria studies, samples of 25 units for
each of the 90 monoconidial cultures were made by
the microculture technique, which consists of
inoculating the four sides of a small square of agar
(lem?) placed on a microscope slide and covering it
with a coverslip. (24). This slide culture was
maintained in a Petri dish moist chamber at room
temperature, for 24-48 hours. After the incubation
period, the size and shape of the appressoria were
determined. Averages for length, width, and range
were established and the means between locations
were compared by Duncan’s multiple range test.

RESULTS

Isolations made from avocado leaves showing
typical lesions and symptoms of anthracnose from
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different geographic areas of Northeastern Brazil
consistently yielded cultures that fit the broad concept
of C. gloeosporioides (4, 24). When cultured on PDA,
the original isolates from different areas showed
variation in their cultural and morphological
characteristics. To further characterize these
differences, a total of 90 monoconidial cultures were
obtained from the original isolates and compared.
Cultural characteristics. In general,
monoconidial cultures within the same original isolate
showed similar behavior in relation to characters such

as colony color, mycelial growth, and conidial
distribution on the agar surface. However, variations
among the original isolates were observed (Table 1).
Most monoconidial cultures were similar in
appearance on PDA, forming a light gray colony, with
a greenish tone, but the isolates from RN and SE were
typically darker gray, also with a greenish tone. All of
the isolates except those from AR-PB had a
predominance of submersed mycelium. Variation in
the color of the conidial masses also was noted among
the monoconidial isolates. Those from AR-PB and PE

Table 1. Colony characteristics of avocado monoconidial isolates grown on PDA (Frequency in %).

AVO-isolates from

Characteristics
CE* RN AR-PB BAN-PB PE SE

Colony color

light-gray (greenish) 100 0 100 100 100 0

dark-gray (greenish) 0 100 0 0 0 100
Myecelial growth

submersed 100 100 0 100 100 100

aerial 0 0 100 0 0 0
Conidial mass color

orange 0 0 100 0 100 0

dark/orange 100 100 0 0 0

dark-cream 0 0 0 100 0 0

dark 0 0 0 0 0 100
Conidial distribution

concentric rings 100 0 0 100 80 100

center of colony 0 100 100 0 20 0
Sclerotia 67 0 0 0 100 100
Sector formation 20 0 0 0 100 100
Setae 0 0 0 0 20 0
Perithecia 0 0 30 0 6 20

*CE = Ceara, RN = Rio Grande do Norte; AR-PB = Arei-Paraiba; BAN-PB = Bananeiras-Paraiba; PE = Pernambuco; SE = Sergipe

Table 2. Sporulation and size (Llm) of conidia and appressoria of Colletotrichum gloeosporioides from avocado.

Conidium Appressorium
Isolate code’ Sporulation Length Width Length Width

(x10°con/m1) range mean range mean range mean range mean
AVO-CE 230 8.5-18.0 14.8b 3.5-5.0 4.0a 10.2-12.2 11.4a 5.5-73 6.3a
AVO-RN 24 9.0-16.0 14.3¢ 3.0-5.5 3.6b 9.6-11.7 10.6b 5.5-6.4 6.0b
AVO-AR-PB 25 12.0-20.0 15.7a 2.5-5.0 3.6b 9.4-11.4 10.4b 5.5-7.0 6.1b
AVO-BAN-PB 224 10.0-15.0 14.9b 3.0-5.0 3.4¢ 6.9-12.3 10.5b 5.7-8.0 6.6a
AVO-PE 182 10.0-18.0 15.1b 3.0-4.5 3.6b 9.1-11.0 10.1b 4.9-7.0 6.1b
AVO-SE 5 9.0-20.0 15.8a 3.0-5.0 3.9a 8.6-13.1 10.5b 5.6-8.2 6.1b

Means followed by the same letter in the same column do not differ significantly at P=0.05, according to Duncan’s multiple range test.
YFrom: Ceara (AVO-CE), Rio Grande do Norte (AVO-RN), Arcia-Paraiba (AVO-AR-PB), Banancira-Paraiba (AVO-BAN-PB),
Permambuco (AVO-PE), Sergipe (AVO-SE).
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C

Figure 1. Conidia produced by Colletotrichum gloeosporioides isolates from avocado: a. AVO-CE, b. AVO-RN, ¢, AVO-AR-PB, d.
AVQ-BAN-PB, ¢. AVO-PE, . AVO-SE.
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Figure 2. Conidia produced by Colletotrichum gloeosporioides isolates in phialidic conidiophores: a. AVO-CE, b. AVO-RN, c.
AVO-AR-PB, d. AVO-BAN-PB, ¢, AVO-PE, f. AVO-SE.
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were uniformly bright orange, whereas those from CE,
RN, and BAN-PB, had alternating concentric rings of
dark and orange or dark and creain color on the colony
surface. Isolates from SE were uniformly dark in
conidial color.

The monoconidial cultures from CE, PE, and SE
isolates produced scattered black sclerotia. Generally,
these were small, round and were either immersed in
the agar or on the agar surface. Some sclerotia from
PE isolate formed a tuft of setae on the top; these setae
were dark, usually lighter at the apex, and ranged from
non-septate when young to four-septate with age.
Sector formation was observed in only a few
monoconidial cultures from the CE and PE isolates.
Most monoconidial isolates remained conidial; only a

d
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low percentage of those from AR-PB, PE, and SE
formed perithecia. When formed, perithecia contained
well developed asci and ascospores.

Sporulation. The results for conidial production
showed variation between monoconidial cultures from
the same original isolate, and also among isolates from
different areas (Table 2). AVO-CE and
AVO-BAN-PB exhibited the best sporulation, 230 x
10° and 224 x 10° conidia/ml of distiled water,
respectively.

Morphological characteristics. Conidia -
conidia produced from avocado isolates were straight,
cylindrical to subcylindrical or oval shape, sometimes
slightly narower in the middle, hyaline, unicellular,
and variable in length (Fig. 1); often become bicellular

Figure 3. Appressoria shapes produced by Colletotrichum gloeosporioides isolates: a, AVO-CE, b. AVO-RN, «¢. AVO-AR-PB, d.

AVO-BAN-PB, e. AVO-PE, f. AVO-SE.
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when germinating. Conidia were produced in
succession from phialidic conidiophores, on side
branches of the mycelium, acervuli, or from the tips of
setae (Fig. 2). The conidial dimensions are presented
in Table 2. Among isolates, AVO-SE (15.8 x 3.9 pm)
and AVO-AR-PB (15.7.x 3.6 pm) were significantly
larger, compared with the others listed in the same
Table.

Appressoria - all of the monoconidial cultures
produced appressoria, which were irregular in shape
and variable in size (Table 2), and the number formed.
They varied from light brown to dark brown in color
and were thick-walled, with a hyaline germpore.
Appressoria were formed by germinating conidia, as
well as on side branches of hyphae. Appressoria from
mycelium were larger than those from conidia. Some
appressoria were observed to germinate by forming
germtube producing conidia or more frequently other
appressoria (Fig. 3).

DISCUSSION

Under studied conditions, the isolates showed
variations in cultural and morphological
characteristics. Colony color varied from light-gray to
dark-gray, but usually with greenish tone. Some
monoconidial cultures that formed perithecia, such as
AVO-AR-PB, AVO-SE, and AVO-PE presented
colonies color darker with tendency to dark-green
when observed against light. The two former isolates
produced fewer conidia in relation to the other
cultures. These isolates had a behavior like a
homothallic fungi producing fertile perithecia
containind asci and ascospores well developed,
similar to those already described by Mordue (16) for
Glomerella cingulata. Perithecia were formed singly
or in groups of three to five.

The amount of PDA per Petri dish (13 ml), in
association with other factors, such as temperature
(25°C) and light conditions (12 hr light/12 hr dark)
seems to increase the production of submerse
mycelium, and to stimulate sporulation. The color of
the conidial masses was influenced by light. The
conidial masses, whether in concentric rings or
dispersed on the agar surface, were at first bright
orange, changing to dark orange with age, and
developing a hard surface. Generally, dishes receiving
more light had a brighter orange-colored conidial
mass, than those thatreceived less light due to shading,
in which the conidial mass was darker-colored.
Possibly, the germination of the outer conidia of that
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mass had ocurred, and by anastomosis of germ tubes
a stroma was formed. This supposition is based on the
fact that under microscope conidial anastomosis
between two or more conidia was observed, resulting
in structures similar to prosenchyma tissue. This
phenomenon may increase the chance of major
variability for C. gloeosporioides. According to
Nelson (18) hybridization is an important biological
process conditioning the variation in many fungi.
Latham (14) observed different behavior among
monoconidial isolates from apples, and the change of
color in the conidial masses from orange to black with
age.

In relation to size of conidia, significant
differences among isolates were observed. Also,
within the same monoconidial culture it was detected
presence of some conidia larger than those commonly
produced in colony, suggesting a natural genetic
segregation in 3:1 proportion (three normal size to one
longer). Chilton and Wheeler (7) reported on the
effects of gene pairs producing a greater variety of
cultural forms, but nothing was mentioned on conidia
size. Cox and Irwin (8) compared conidia produced in
conidiomata with those from free hyphae, and
observed that conidia from hyphae were larger than
those from conidiomata from the same isolate. Ogle et
al. (18) observed that conidial size varied when formed
by hyphal conidiophores, which gave origin to longer
conidia (up to 42 pum) that never were observed from
conidiomata. The production of conidia of different
sizes was found in this study and that was due in part
to their origin, whether from phialidic conidiophores,
setae, or conidiomata. The form in which conidia are
produced is very important for taxonomic studies. This
may explain the variations and differences found in
literature, particularly in relation to C.
gloeosporioides. Agostini ef al. (1) distinguished two
strains of C. gloeosporioides by some characteristics,
such as colony color, growth rate, morphology,
conidium size and shape, appressorium shape, and
also pathogenicity.

All of the cultures formed appressoria from conidia
or hyphae, variable in size, shape, and amount
produced. Those formed from conidia were smaller
and more regular in shape than those from hyphae. The
appressoria when germinating can produce new ones
singly, or in sympodial chain, or in “bouquet” due
proximity and fusion between appressoria. A similar
fact was reported by Emmett and Parbery (10), and the
importance of these structures was pointed out by
Hasselbring (11), Kubo er al. (13), Muirhead and



Deverall (17). As is well known, appressoria
formation is a prerequisite for invasion of host, and
they possess capacity to survival under adverse
environmental conditions. Denham and Waller (9),
Prusky and Plumbley (21) observed that C.
gloeosporioides produces appressoria and quiescent
infections on tropical and subtropical crops. Also,
Menezes and Hanlin (15) verified that appressoria
may propagate C. gloeosporioides by germination
producing new conidia from germtube apex. These
findings are similar to those obtained by Agostini and
Timmer (2) inoculating detached citrus leaves with C.
gloeosporioides .

From the results herein reported on causal agent of
avocado anthracnose, it was admitted that variations
observed in size of C. gloeosporioides structures
within each monoconidial culture from the same
1solate should be due to genetic factors, as well the
origen of conidia: from phialid, hyphae, setae, or
conidiomata. Then, it is important to make
measurements on conidia from structure that give
relatively uniforme size to reduce variation. Probably,
differences in size encountered to C. gloeosporioides
isolates studied were due in part to the type prodution.

On the base of morphological analysis, the results
suggest the need to use molecular markers, such as
RAPD (Random Amplified Polymorphic DNA) for
comparing morphological and molecular data
obtained from avocado isolates, and to determine the
differences and similarities among them.

RESUMO

Variabilidade morfoldgica de isolados de
Colletotrichum gloeosporioides obtidos de
abacateiros no nordeste do Brasil

Isolados de Colletotrichum gloeosporioides de
abacateiros cultivados no Nordeste do Brasil foram
estudados em culturas monoconidiais. A maioria dos
isolados produziram massas de conidios distribuidas
em anéis concéntricos na superficie do BDA em
resposta a alternancia de luz. Algumas culturas
monoconidiais formaram peritécios, porém baixa
produg¢do de conidios, enquanto que outras
produziram conidios em abundéancia, mas ndo
formaram peritécios. Em geral, houve produgio de
esclerocios escuros, pequenos e de formato esférico.
Os conidios foram produzidos em sucessdo na
extremidade de conidioforos fialidicos ou no apice de
setas. Estas, apresentaram-se retas, septadas, escuras,

Colletotrichum gloeosporioides from avocado trees

com apice mais claro e, em alguns casos, férteis. Todos
os isolados monoconidiais dentro de uma mesma area
geografica ou entre elas mostraram variagdo em
relagdo a tamanho de conidios e apressérios. A
diferenga encontrada mais frequentemente, em
relagfio a tamanho de conidios de C. gloeosporioides,
pareceu estar muito associada ao tipo de produgéo.

Palavras-chave: antracnose, abacate, Colletotrichum
gloeosporioides, caracterizagdo cultural e
morfoldgica.
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ABSTRACT

Wild-type, auxotrophic and colour mutant strains of Metarhizium anisopliae var.
anisopliae were assayed for the secretion of amylases and proteases on solid media. No
differences in protease and amylase secretion were observed between monosporic colonies
originating from the same strain. Some mutant strains with auxotrophic and colour markers
secreted more protease and amylase than their respective parentals, demonstrating a
pleiotrophic effect of one or more mutations in these strains. On the two amylase activity
media used, one containing only starch and the other with starch and glucose as carbon
source, it was shown that wild type strains had a reduced amylase secretion in the presence
of glucose as compared to the mutant strains used.

Key words: Metarhizium anisopliae, auxotrophic mutants, proteases, amylases.

INTRODUCTION

Metarhizium anisopliae var. anisopliae (Metsch.)
Sorokin, is an entomopathogenic fungus, widely used
to control insects pest in agriculture. In Brasil, M.
anisopliae has been employed to control Mahanarva
posticata and M. fimbriolata (Homoptera:
Cercopidae), pests of sugarcane (2). M. anisopliae is
also a promising agent in the control species of Deois
favopicta, D. incompleta and Zulia entreriana
(Homoptera:Cercopidae), and pests of pasture in
different areas of Brasil (13). Other species of
Metarhizium, such as M. flavoviride (11) are used to
control locusts in several tropical countries.

The disease process involves the adhesion of
spores on the surface of the insect, germination,
differentiation, penetration, and invasion of the insect
cuticle followed by growth and emergence of hyphae
producing external conidia (18). Penetration of the
insect cuticle involves mechanical pressure and
enzymatic digestion of proteins, chitins and lipids.

Enzymes produced by entomopathogenic fungi have
been studied with the aim of understanding their
relationship with the disease process (4, 5, 8,9, 16, 17,
20,21, 25, 28). Enzymes such as amylases, proteases,
lipases and chitinases are produced in vitro by
entomopathogenic fungi, and in some systems,
proteases have been shown to be important in insect
protein digestion (27). Semi-quantitative assays of
enzymes have been carried out, using solid media,
allowing the screening of variation occurring in some
species (7) and studies of the relationship of the
enzymes to the infection process (6, 16). Also,
exoenzymes produced by M. anisopliae on solid
media have been used to characterize strains from
diverse geographical areas and from different hosts
(10, 19, 21, 26, 30).

Most of the studies involving enzymes in M.
anisopliae were carried out with wild-type strains.
However, to facilitate genetic studies using this
fungus, mutants are usually necessary to provide
genetic markers and as a means to use parasexuality

*  Corresponding author. Mailing address: CENARGEN/EMBRAPA SAIN, Parque Rural, Caixa Postal 02372, CEP 70770-900 Brasilia,
DF, Brasil, Fax: (061) 340 3624. E.mail: cleria@cenargen.embrapa.br
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to produce recombinants (12, 22, 23, 24). The
influence of auxotrophy and other mutations on
enzyme production is not known. Also, little is
understood about the variability of enzyme production
from subcultures of monosporic colonies. In the
present work, monosporic colonies from wild-type
strains, and the auxotrophic and colour mutants
derived from them were analysed for production of
amylases and proteases in an attempt to detect
pleiotrophic effects of the mutations on enzyme
production.

MATERIAL AND METHODS

Strains. Strains of Metarhizium anisopliae used in
this work were obtained from Laboratorio de Genética
de Microrganismos (ESALQ/USP). The wild-type
strains E¢ and Eo were isolated in Espirito Santo State,
from Deois flavopicta (Homoptera: Cercopidae).
Mutant strains Es.7 (vio met” bio”) and Es.s (/o pyr lis")
were produced by Silveira and Azevedo (23) and the
mutant strains Eo9 (Vo lewrib”) and Eo0 (ylo
lew ade”) isolated by Bagalhi (3). The vio and ylo
mutations refer to pale vinaceous and yellow mutant
colours as opposed to the wild-type colour (green).
The notations ade, bio, leu, lys, met, pyr and rib are
used to designate nutritional requirements for adenine,
biotin, leucine, lysine, methionine, pyridoxine and
riboflavin, respectively.

Media. The media used was prepared as described
below: Solid minimal medium (MM): NaNOs 6g;
KH2PO4 1.5g; KC1 0.5g; MgS04.7H20 0.5g; FeSO4
0.001g; ZnSO4 0.001g; glucose 10g; agar 15¢ 1''; pH
6.8. Solid complete medium (CM): solid minimal
medium containing yeast extract 0.5g; peptone 2g;
hydrolysed casein 1.5g; vitamin solution 1ml, yeast
nucleic acid hydrolysate, 2.5g; 1!, pH 6.8 (15).
Activity media: Media for amylolytic activity: MM
with or without glucose (MMSG and MMS media
respectively) containing 0.2% soluble starch; pH 6.0.
Media for proteolytic activity: (a) MM plus 1% of
gelatin (MMPG), (b) MM without NaNOQOs3, plus 1%
solution of skimmed milk (10% w/v) pH 6.0 (MMPS).

Vitamin solution. Vitamin solution was prepared
with nicotinic acid 100mg, p-aminobenzoic acid
10mg; thiamine 50mg, pyridoxine 50mg, riboflavin
100mg, biotin 0.2mg, sterile distilled water to 100ml.
The solution was steam sterilised and stored in a light
proof bottle at 4°C, over chloroform.

Hydrolysed nucleic acid (HNA). The hydrolysed
nucleic acid solution was prepared by adding 2g of HNA
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in 15 ml HCI IN and 2g of HNA in 15ml NaOH IN.
The solutions were both heated at 100°C for 15min,
mixed and the pH adjusted to 6.0. The mixture was
filtered while still hot and the volume adjusted to 40ml.
The preparation was stored at 4°C over chloroform.

Supplements added to the activity media.
According to the strains used, the following
supplements were added per litre of medium: adenine:
70mg; biotin: 0.02mg; leucine: 50mg; lysine: 50mg;
methionine: 50mg; pyridoxine: 0,05mg and
riboflavine: 0.05mg.

Exoenzyme activity. Conidia were suspended in
Tween 80 solution (0.1% v/v) and plated using
appropriate dilutions on CM, After 7 days incubation
at 28°C conidia of the monosporic derived colonies
were transferred to the activity media. For auxotrophic
mutants, the respective nutritional requirements were
supplemented. Analysis of the enzyme activities were
carried out after 5 days incubation at 28°C and the
enzymatic index calculated by measurement of the
diameter of the degradative zones produced, divided
by the diameter of the colonies. To reveal activities,
iodine (1% v/v in alcohol) and protein stain solution
were used for detection of amylases and proteases
secreted by colonies, respectively.

Solution for proteins stain. The proteins stain
was carried out by using fixer PAGE: methanol
22.5ml; acetic acid 5ml and distilled water 22.5ml.
Stain: Comassie blue (Brilliant Blue R 250) 50mg
(14).

RESULTS AND DISCUSSION

Monosporic colonies isolated from wild-type and
auxtrophic mutants were analysed for secretion of
amylases and proteases. No variation was observed
among colonies derived from subcultures of the same
strain (Tables 1 and 2). These results have shown that
these strains are mitotically stable. Comparative
analysis of strains, however, demonstrated, that the
mutant Eg_20 1s the best amylase producing strain on
MMS-medium and that the mutant strain Ee-7produces
more protease than the respective wild-type. An
increase in enzyme secretion by auxotrophic mutants
could be correlated to the specific mutation for
auxotrophy, suggesting a possible pleiotrophic effect.
However, since no tests have been made with
individual mutants, it is not yet possible to conclude if
one or more mutation are responsible for these
variations. Another effect of mutation could involve
the rate of growth of the mutants in the media used for



Amylases and proteases of Metarhizium anisopliae

Table 1. Protease secretion in wild-type and mutant strains of Metarhizium anisopliae on media containing milk as nitrogen source.
The values of enzymatic index are means of triplicate determinations. Values followed by different letters are statistically different by Tukey

test at the 5% level (dms=8.660).

Enzymatic index/colony*

Strain s : " 5 5 . . M Mean + SD

E¢.7 1.680 1.640 1.597 1.680 1.837 1.687 1.723 1.747 1.770 1.757 1.71210.069 a
Eo.20 1.493 1.510 1.570 1.647 1.593 1.667 1.567 1.610 1.620 1.557 1.584 £ 0.056 b
Es-s 1.523 1.620 1.580 1.540 1.563 1.407 1.413 1.510 1.560 1.520 1.530£0.058 b
Eo-19 1.463 1.360 1.433 1.370 1.500 1.537 1.503 1.523 1.280 1.220 1.419£0.108 ¢
Es 1.397 1.383 1.433 1.367 1417 1.363 1.447 1.483 1.403 1.467 1.417£0.041 ¢
Eo 1.160 1.097 1.127 1.100 1.203 1.200 1.210 1.190 1.210 1.159 1.159+0.049d

* Monosporic colonies were isolated from each strain and assayed for enzyme secretion in triplicate. The enzymatic index was
calculated by measurement of the diameter of the degradative zones divided by the diameter of the colonies.

Table 2. Amylase secretion in wild-type and mutant strains of Metarhizium anisopliae, in presence of starch and starch plus glucose.
Values of enzymatic index are the means of triplicate determinations. Values followed by different letters are statistically different at Tukey

test at the 5% level (dms=0.152).

Enzymatic index/colony*

Media  Strain ] 3 5 A 3 p 7 3 3 T Mean £ SD

E9 1.363 1.217 1.270 1.237 1.227 1.243 1.153 1.230 1.123 1.133 1.220+0.071 a

Starch Es 1.147 1.200 1.093 1.083 1.210 1.257 1.127 1.260 1.157 1.137  1.167£0.063 ab
+ Es.20 1.123 1.217 1.127 1.123 1.103 1.127 1.217 1.310 1.103 1.177 1,163 £ 0.067 ab
Glucose Es7 1.103 1.090 1.070 1.097 1.140 1.160 1.143 1.140 1.160 1.125  1.125£0.031 abe
(MMSG) E¢s 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1230 1.030%0.072 bc

Eo.19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000£0.000 ¢

Eo-20 2.093 2.090 1.943 1.943 2347 2103 2370 2380 2447 2450 2217%£0.202a

Eo.19 1.927 2.077 1.923 2047 2047 2117 2113 1.887 1.637 1.853 1963+0.149b

E¢.7 1.767 1.680 1.873 1.763 1.973 1.863 1.980 1.843 1.863 1.343 1.795+0.183 ¢

Starch E¢-g 1.920 1.830 1.430 1.430 1.710 1,750 1.600 1.670 1.730 1.620  1669%+0.157cd
(MMS) Es 1.557 1.650 1.483 1.620 1.493 1.567 1.400 1.503 1.490 1.623  1.53930.078 de

Eo 1.750 1.447 1.600 1.570 1.457 1.323 1.433 1.410 1.430 1.463 1.488 £ 0.121¢

* Monosporic colonies were isolaled from each strain and assayed for enzyme secretion, in triplicate. The enzymatic index was
calculated by measurement of the diameter of the degradative zones divided by the diameter of the colonies.

enzyme production, despite the enzymatic index
calculation being based on secretion ability related to
colony size. Pleiotrophic effects of mutations for
amylases correlated with increasing hypervirulence
against Culex pipiens was reported by Robert and
Messing-Al-Aidroos (16) in strains of M. anisopliae.

For amylolytic activity, medium containing
glucose and starch as carbon source (MMSG)
produced lower levels of secretion compared to media
with starch only (MMS). Wild-type strains have
demonstrated a reduced effect of repression on
amylase secretion in the presence of glucose and
starch when compared to the mutants. Mutants
produced higher activity on the starch-only medium

(MMS) as compared to wild-type strains (Table 2).
Amylases are reported in wild-type strains of M.
anisopliae as being repressible by sugars and
inducible by starch (1, 29). The same was found in the
present work but we have found distinctions when
mutants and the parental wild-type strains are
compared. There might also be explained by a
pleiotrophic effect of mutations affecting the
regulatory system of amylase secretion.

No degradative zones were produced on the
protease activity medium containing gelatin (MMPG).
As a consequence, the enzymatic index was 1.0 for all
strains analysed. The effect of the gelatin or milk on
protease secretion could suggest specialization of the
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strains in terms of substrate specificity, or be related
to the nature of the proteases produced. Gabriel (5)
suggested that protease activity is related to substrate,
acting as inducer or repressor. Al-Aidross and Seifert
(1) obtained mutants negative for gelatin degradation
(E) which reatined activity on milk (M"). Strains
negative for milk (M) were positive for gelatin (E*).
Similar correlation was observed by Roberts and
Messing-Al-Aidross (16) where mutants assayed for
proteases demonstrated high activity in gelatin and
low activity in milk media. All these authors used
wild-type strains only.

The results presented here show that genetic
variability in terms of protease and amylase secretion
does exist in wild-types and mutants of M. anisopliae.
The isolation of mutants with auxotrophic or
morphological markers in wild-type strains does not
guarantee that enzyme production will be the same.
Also, high secretion levels of an enzyme in mutant
strains could be reduced when a recombinant with a
wild-type phenotype is derived from it.
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RESUMO

Produgio de amilases e proteases por linhagens
selvagens e mutantes auxotroficos de
Metarhizium anisopliae var. anisopliae

Linhagens parentais, mutantes auxotroficos e
morfolégicos do fungo entomopatogénico
Metarhizium anisopliae var. anisopliae foram
analisados para secregdo de amilases e proteases, em
meio sélido. Ndo foram observadas diferengas na
secregdo de proteases e amilases entre coldnias
monosporicas, originadas da mesma linhagem.
Algumas das linhagens com marcas auxotroficas e
morfolédgicas secretaram mais proteases ¢ amilases,
quando comparadas aos seus respectivos parentais,
demonstrando efeito pleiotropico para uma ou mais
mutagdes nestas linhagens. Nos dois meios usados
para atividade de amilases, um contendo somente
amido e outro contendo amido e glicose, linhagens
parentais demonstraram menor secre¢io de amilases
em presenga de glicose em comparagdo com as
linhagens mutantes usadas.
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ABSTRACT

The optimization of the conidial production by Metarhizium flavoviride (CG 423) was
investigated under conditions of varying temperature, water content and substrates to
develop this pathogen as a mycoinsecticide against grasshoppers, a serious agricultural
pest in Brazil. Conidial production was highly affected by temperature and optimized when
the fungus was grown at 27°C. The amount of water present in the substrate also influenced
conidial production. The optimal water content was between 30 and 120% (v/w) depending
on the substrate. The substrates tested were common rice, rice husk + bran rice, broken
rice and parboiled rice. The best substrates for conidial production were rice husk + bran
rice and parboiled rice. Growth of M. flavoviride - CG 366 (a standard isolate) produced
in the different substrates did not present a significant change in virulence against the
grasshopper Rhammatocerus schistocercoides.

Key words: Solid fermentation, entomopathogenic fungi, mass production, microbial

control, grasshopper.

INTRODUCTION

Metarhizium flavoviride (Hyphomycetes), a
pathogen of several species of grasshoppers, is under
study as a bioinsecticide in Brazil (7) and Africa (2).
Metarhizium flavoviride was recently found in
Northeast Brazil infecting the grasshopper
Schistocerca pallens (11), a serious pest of many crops
including com, sugarcane, pasture and rice (3). This
pathogen has been studied regarding cytology (13)
molecular characterization (8), infection process (14),
pathogenicity (8) and bait formulation (6).

Fungal growth, including conidial production, is
affected by the type of substrate and also by
environmental factors such as water content and
temperature. The type of response to these factors
depends on the species (5). Elucidation of the factors
encouraging optimization of conidial production by
entomopathogenic fungi may facilitate their

development as bioinsecticides. Metarhizium
anisopliae, a pathogen of sugarcane froghopper in
Brazil, is produced in several substrates such as corn,
potato, common beans, sorghum, and soybean (10).
However, the best yields are obtained when the fungus
is grown in common rice (1), broken rice (12),
parboiled rice (12) and husk + rice bran (4). For M.
flavoviride, there is no information on the conidial
production as affected by the substrate, water content
and temperature. We report here on the performance
of M. flavoviride regarding conidial production on
common rice, rice husk + bran rice, broken rice and
parboiled rice at different water contents and
temperatures.

MATERIALS AND METHODS

Fungal strain. Metarhizium flavoviride, CG 423
(Collection of Entomopathogenic Fungi,

*  Corresponding author. Mailing address; CENARGEN/EMBRAPA, C.P. 02372, 70770-000 - Brasilia, DF, Brazil, Fax: +55613403573

- Email: boni@cenargen.embrapa.br
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CENARGEN/EMBRAPA, Brazil), isolated from the
grasshopper S. pallens, was removed from liquid
nitrogen and grown for 10 days at 28°C on complete
medium agar plate (0.4 g NaHPO4, 0.6 g MgSOq4, 1 g
KCl, 0.7 NH4NOQOs3, 10 g glucose, 5 g yeast extract, 15 g
agar, 1 liter of distilled water). Only cultures of up to
two weeks in age were used. The initial inoculum
added to each flask, produced in complete solid
medium, was a suspension of 5 ml (107 conidia/ml)
prepared in an aqueous solution containing Tween 80
(0.1%). The conidial suspension was homogenized by
mechanical agitation (Vortex, 1 min). There were
three replicates per treatment in all experiments unless
stated otherwise.

Temperature. The effects of temperature in
conidial production of M. flavoviride grown on
common rice, husk + rice bran, broken rice and
parboiled rice were tested. Cultures were incubated in
growth chambers (B.0.D.) at 18, 22, 27 and 32°C in
the dark. Other cultivation procedures were as
described below. In this experiment, water content
(v/w), previously determined, in each substrate was as
follows: common rice (30%), husk + rice bran (100%),
broken rice (30%) and parboiled rice (80%). Conidial
harvesting was as described below and conidial
production was determined with the aid of a
hemocytometer.

Water content. The effects of the initial water
content in the conidial production of M. flavoviride
were studied in common rice, husk + rice bran, broken
rice and parboiled rice. Due to variation in absorption
of the water by the media, a different water gradient
was tested for each substrate: 20-45% (v/w) for
common rice, 20-160% for rice husk + bran rice,
10-32.5% for broken rice, and 20-140% for parboiled
rice. The water content of each treatment was based
on volume of water and weight of the substrate. The
flasks containing the substrates and water were
weighed before and after autoclaving (20 minutes,
120°C) to replace an eventual loss of water during
sterilization. The volume of water used in the
inoculum was considered in the final adjustment of the
water content. Conidia were harvested 8 days after
incubation at 27°C, a temperature normally used to
produce M. anisopliae in the Mycology Laboratory at
CENARGEN.

Substrates. Conidial production of M. flavoviride
was tested on common rice, rice husk + bran rice,
broken rice and parboiled rice at the optimal water
content and temperature as determined in the
experiments described above. Except for rice husk +

Conidial production by Metarhizium flavoviride

bran rice medium, 100 g of each substrate were added
to each 500 ml flask. For rice husk + rice bran medium,
12.5 g of each of these ingredients were added to 500
ml flasks. The weight of this substrate (25 g) is four
times less than the weight of common rice, broken rice
and parboiled rice tested. However, 25 g of husk +rice
bran occupy approximately the same volume as 100 g
of the three other substrates tested.

Conidial harvesting. Conidia were separated
from substrate by washing with pure kerosene (200
ml/flask) and sieving (50 mesh). After sedimentation
of conidia, the kerosene was gently drawn with the aid
of a pipette. Conidia were then formulated in soybean
oil containing 5% kerosene and stored at 4°C. A
similar mixture (groundnut oil and kerosene) is used
in Africa to formulate and carry M. flavoviride in ultra
low volume applications (2).

Conidial viability was determined before
formulation in oil by plating the aqueous conidial
suspension (Tween 80, 0.1%) onto complete agar plate
medium. Due to the difficulty in spreading the oil
formulation onto the medium, we did not perform the
viability after formulating the fungus. To avoid a
possible problem with attenuation of the fungal
viability, the bioassays were run immediately after
formulating the conidia.

Bioassay. This experiment was previously
performed with the isolate CG 366 of M. flavoviride
(= IMI 330189, isolated from Austracnis guttulosa),
used as standard in the beginning of this study. The
isolate CG 366 is as virulent against R
schistocercoides as M. flavoviride - CG 423 (8), and
there is no difference in conidial production by these
isolates in different substrates, water content, and
temperature (B. Magalhdes and H. Frazfo,
unpublished). Based in these similarities, the results
with the isolate CG 366 are being reported.

The virulence of M. flavoviride - CG 366,
produced in the four substrates, was compared by
standardized laboratory bioassays using conidia
formulated in soybean oil and kerosene. Suspensions
were adjusted to 1.67 x 10° conidia/ml. The fungus
was topically inoculated (3 pl of suspension with 5,010
conidia/insect) on the right pleural region of the adult
grasshoppers (M. Faria, unpublished). After
inoculation, insects were kept individually in plastic
boxes (11 x 11 x 3.5 cm) containing wheat germ,
textured soybean grains and fresh leaves of
Andropogon gayanus. Diet was renewed every other
day. There were 10 insects per treatment and the
experiment was repeated three times. Boxes were
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maintained in an incubator at 27°C, in a 12h:12h
(light:dark) photoperiod, and 55% relative humidity.
To confirm infection, dead insects were maintained in
a wet chamber until they presented profuse
sporulation,

Data analysis. The mean + SE is indicated in the
figures and tables. SigmaStat™ and SigmaPlot'™
(Jandel Scientific, Corte Madera, CA, USA) were used
to calculate statistics and plot data. The conidial
production of M. flavoviride in the different substrates
was compared using all pairwise multiple
comparisons (Student-Newman-Keuls method), and
the median values among treatment groups in the
bioassay were compared using Kruskall-Wallis
ANOVA on Ranks.

RESULTS AND DISCUSSION

Conidiogenesis of M. flavoviride (CG 423) is
highly affected by temperature. For the four substrates
tested, the best temperature for conidial production
was 27°C (Fig. 1). There was areduction in the number
of conidia produced when the fungus was grown at
temperatures lower than 22°C and higher than 27°C (P
< 0.05). However, conidia of M. flavoviride produced
at 30°C and formulated in oil presented a greater
tolerance to high temperatures than those produced at
26°C (9). This high temperature tolerance to short
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Figure 1. Conidial production (mean + SE) of Metarhizium
Mavoviride (CG 423) in different substrates as a function of

temperature. Fungus grown during 8 days. Average from three
replicates.
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periods (e.g. one week) is very important for field
application of this pathogen.

The water content of the substrate was critical for
conidial production of M. flavoviride. At the optimal
water contents for sporulation, conidial production
was the same whether the substrate was husk + rice
bran (80%; v/w) or parboiled rice (100%) (P = 0.23)
(Fig. 2). For husk + rice bran, however, more than 80%
water content seems to inhibit conidial production.
Similarly, for parboiled rice containing more than
100% water, conidial production was reduced (Fig. 2).

The external water requirement for conidial
production in common and broken rice is much lower
than in parboiled rice and husk + rice bran. Conidial
production in these two substrates is optimized with
30% water (Fig. 2). It is possible that the higher levels
of humidity required for conidial production in husk +
rice bran and parboiled rice are related to a higher
absorption of water by these substrates than that for
common and broken rice.

L —@— Parboiled rice
—#— Husk + rice bran
6+ —& Rice
< —7 Broken rice
—
% 54
]
£
2 44
3
w
k]
3
-
&
8
2
Z 24
[}
&)
| -
0 B i
T T

L) ] T L) L] 1
0 20 40 60 80 100 120 140 160

Water (%, v/w)

Figure 2. Conidial production (mean + SE) of Metarhizium
Savoviride (CG 423) in different substrates at 27°C as a function of
water content. Fungus grown at 27°C during 8 days. Average from
three replicates.

After determining the best temperature (27°C) and
water contents (30%, common rice; 80%, rice husk +
rice bran; 30%, broken rice; 100%, parboiled rice) to
produce conidia of M. flavoviride, a final experiment
was performed. The best substrates for conidial
production were rice husk + rice bran and parboiled
rice followed by broken rice and common rice (P <



Table 1. Production of conidia (mean + SE) by Metarhizium
Savoviride (CG 423) in dilferent substrales at oplimal temperature
(27°C) and water contents (30%, common rice; 80%, rice husk +
rice bran: 30%, broken rice: 100%, parboiled rice). Fungus grown
during 8 days. Average from three replicates,

Number of conidia/s of
Substrate substrate (x m"’)%‘
Husk + rice bran 65.33+874a

57.67+285ab
42.00+153bc
26.67+2.85¢

"Means within columns followed by the same lelter are not
significantly different by all pairwise multiple comparisons
(Student-Newman-Keuls method) (P < 0,05),

Parboiled rice
Broken rice

Common rice

0.05) (Table 1). The number of conidia/g of substrate
produced by M. flavoviride in parboiled rice (5.9+0.06
x 10?) and broken rice (4.2 +0.15 x 10%) is comparable
to the number of conidia/g produced by M. anisopliae
in the same media (3.5 x 10° and 5.0 x 10°
respectively) (12).

The use of the substrate husk + bran rice and
broken rice is a very attractive option in a
bioinsecticide production system based on
entomopathogenic fungi because of its low cost (4,
12). The cost of broken rice is four times lower than
the cost of parboiled rice (12). However, the use of
broken rice in large scale may be limited by its lack of
uniformity. Thus, parboiled rice should be considered
as the substrate to be used in a routine system to
produce M. flavoviride.

A minimal effect of the type of substrates on the
virulence of M. flavoviride is anticipated, as indicated
in the bioassay against R. schistocercoides (Fig. 3). In
all cases, the median survival was between 6 and 7
days with no significant differences among the
treatments (P = 0.562) (Table 2). Ten days after
inoculation there was 100% mortality with confirmed
infection of the insects inoculated with conidia
produced in the four substrates.

Parboiled rice has been adopted for the massal
production of M. flavoviride in the Mycology
Laboratory (CENARGEN) and of M. anisopliae at
Biotech (Controle Biolagico Ltda) (10). The reasons
for chosing parboiled rice are the high yield and a
better performance when harvesting conidia from this
substrate. Conidia are more easily separated from
parboiled rice when compared with husk + bran rice
and the other culture media tested. However, the
scaling up of the harvesting process of conidia will

Conidial production by Metarhizium flavoviride

require an improvement in the use of pure kerosene.
Extraction of conidia from kerosene would be
facilitated by the development of a better filtration
system. Another problem with the oil formulation is a
correct estimation of the conidial viability in the
aqueous agar plate medium. Due to the differences in
polarity between the oil formulation and the aqueous
medium, conidia do not contact the medium and do not
germinate satisfactorily. Investigations on several
processes of conidial washing with detergent to
overcome this limitation are now in progress.

Tablc 2. Survival (mean SE) of Rhammatocerus schistocercoides
treated with conidia of Metarhizium flavaviride (CG 366) produced
in different substrates at 27°C and formulated in soybean oil
containing 3% kerosene.

Substrate Survival time (days)’
Broken rice 7.20£0.34
Common rice 7.16+0.23
Parboiled rice 6.66 + 0.27
Husk + rice bran 7.10 +0.24

"There is not a statistically significant difference in the median
values among treatments according to Kruskall-Wallis ANOVA
on Ranks (P = ().62); 2Thirty insecls/treatment maintained at 27°C
in a 12h;12h (light:dark) photoperiod, and 55% relative humidity.
Each inscct represents a replicate and data a combination of three
experiments,
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Figure 3. Mortality of Rhammatoceriis schistocercpides caused by
mycosis of Metarhizium flavoviride (CG 366) formulated in
soybean oil containing 5% kerosenc. Thirty msects/treatment
maintained at 27°C in a 12h:12h (light:dark) photoperiod, and 55%
relative humidity. Data represent a combination of three
experiments.
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RESUMO

Efeito da temperatura, teor de agua e substrato
na produgio de conidios de Metarhizium
Savoviride

A otimizac¢fo da produgdo de conidios de
Metarhizium flavoviride (CG 423) foi investigada
variando a temperatura, teor inicial de agua e
substratos visando ao desenvolvimento deste
patégeno como um bioinseticida contra gafanhotos,
uma séria praga da agricultura brasileira. A produgéo
de conidios foi altamente afetada pela temperatura,
tendo sido otimizada quando o fungo foi cultivado a
27°C. O teor de 4gua no substrato também influenciou
a produgdo de conidios. A quantidade 6tima de agua
ficou entre 30 e 120% (v/w) dependendo do substrato.
Os substratos testados foram arroz parboilizado, arroz
comum, quirela de arroz e palha + farelo de arroz. Os
melhores substratos para produgdo de conidios de M.
Sflavoviride foram palha de arroz + farelo de arroz e
arroz parboilizado. O cultivo M. flavoviride - CG 366
(um isolado padrdo), nos diferentes substratos, ndo
alterou a viruléncia contra o gafanhoto
Rhammatocerus schistocercoides.

Palavras-chave: Fermentagdo semi-solida, fungos

entomopatogénicos, produgdo massal, controle
microbiano, gafanhotos.
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APPRESSORIA OF BRAZILIAN ISOLATES OF COLLETOTRICHUM
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ABSTRACT

Morphological and functional aspects of appressoria of Colletotrichum
gloeosporioides from different sources and localities in the Northeastern Brazil were
studied. From leaves of avocado (Persea gratissima L.), cashew (Anacardium occidentale
L.), citrus (Citrus sp.), guava (Psidium guajava L.), Anona muricata L., and mango
(Mangifera indica L.) showing typical anthracnose symptoms twelve isolates were
selected. From each isolate, fifteen monoconidial cultures were made, and the microculture
technique was used for studies of appressorial morphology. All isolates produced
appressoria, but variation in size, amount, and shape were observed among isolates. The
same isolate showed unlobed or slightly lobed appressoria, which varied in color from dark
to light brown, occasionally one septate showing a germ pore in each cell. In some cases,
appressoria germinated and formed secondary appressoria in chain or isolated. Sometimes
they formed germtube that produced conidia in phialidic way. These results suggest that
appressoria play an important role in the nature, not only in the direct penetration of a host,
but also in the ability to propagate species by production of conidia.

Key words: Appressorium, Colletotrichum, morphology, conidial production,

GLOEOSPORIOIDES (PENZ.) SACC. CAUSAL AGENT OF ANTHRACNOSES DISEASES
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anthracnose.
INTRODUCTION fruits (8). An infection process of C. gloeosporioides
on papaya fruit was showed by Chau and Alvarez (5)
Anthracnose caused by Colletotrichum  in which an appressorium produces an infection peg

gloeosporioides (Penz.) Sacc. has a worldwide
geographical distribution. It is a very common and
destructive disease on several crops, specially in
humid and warm areas. The disease causes more
severe losses in the tropical and subtropical regions.
On fruit crops, the symptoms are necrotic leaf spots,
blight and drop of flowers, fruit drop and rot, stem
canker, dieback, and damping-off on seedlings. Under
favorable conditions, affected tissues are covered with
masses of pink colored spores.

The pathogen can penetrate through intact surface
of a host plant, and cause latent infections in green

that penetrates the cuticle 3-4 days after inoculation.
Some studies on latent infection caused by C.
gloeosporioides were developed by Byniamini and
Shiffmann-Hadel (3); Brown (4); Daquioag and
Quimio (7); Shane and Sutton (16), and others.
Muirhead and Deverall (13) suggest that latency of
Colletotrichum in banana is mediated by factors which
control appressorial dormency. They also comment
that appressoria and infection pegs or subcuticular
hyphae are essential for fungal penetration, and might
play a role in its survival in the environment. In
according to Emmett and Parbery (9), the main role of

*  Comesponding author. Mailind address: Area de Fitossanidade, Depto. de Agronomia, Univ.Federal Rural de Pernambuco - Av. Dom
Manoel de Medeiros, s/n. Dois Irmfos, CEP 52171-900. Recife-PE.
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appressoria is the direct penetration in a host plant.
Prusky and Plumbley (15) reported that C.
gloeosporioides produces appressoria and quiescent
infections on most tropical and subtropical crops.
Recently, Agostin and Timmer (1) studied C.
gloeosporioides from citrus, and based on theirs
findings, They suggested that conidia onto vegetative
tissues may germinate and produce appressoria, and
quiescent infections are probably formed to some
degree. When leaf surface provide some stimulating
substance, appressoria are induced to form a few
conidia.

The purpose of this research was to study some
morphological and functional aspects of C.
gloeosporioides appressoria from different sources
and localities from Northeastem Brazil.

MATERIALS AND METHODS

Isolates of C. gloeosporioides were obtained from
leaves of avocado (AVO), cashew (CAS), citrus
(CITR), guava (GUA), Anona muricata (ANON), and
mango (MANG) from the following locations: Ceara
(CE), Rio Grande do Norte (RN), Paraiba (PB),
Pernambuco (PE), Sergipe (SE), and Bahia (BA).
Small leaf segments from infected tissue were cut,
surface sterilized in 1,5% sodium hypochlorite for two
minutes, and then rinsed in sterile distilled water. The
material was plated onto PDA and incubated for seven
days at 25°C. Twelve isolates were studied: AVO-CE,
AVO-PE, CAS-PE, CAS-PB, CITR-SE, CITR-BA,
GUA-CE, GUA-BA, MANG-CE, MANG-RN,
MANG-PE, and ANON-BA. From each isolate,
fifteen monoconidial cultures were made. An agar

mycelium disk (Smm diameter) removed from the
advancing margin of colony was placed on the center
of PDA plate and incubated for five days at 25°C,
under daily alternating light (12 h light/12 h dark).

Studies on appressoria morphology were made
from 180 monoconidial cultures using a microculture
technique described by Sutton (18), which consists of
inoculation at the sides of a small square of agar (1
cm?) placed on a glass slide and covered with a
coverslip. This culture was maintained in moist
chamber, at room temperature for 48-72 hours, when
the size and shape of appressoria were determined.
Samples of 25 units for each monoconidial culture
were analyzed in relation to length and width. Means
of appressoria size were compared by Duncan’s
multiple range test.

RESULTS AND DISCUSSION

All isolates of C. gloeosporioides from
monoconidial cultures produced appressoria, but they
varied in amount, size, and shape, within the same
isolate and among them (Table 1).

Morphological variation was observed, such as
lobed or unlobed appressoria, one cell or rarely two
cells, subglobose to irregular shape, showing a germ
pore in each cell. Baxter er al. (1983) described the
appressoria as being obovoid or subglobose, size
8.3-12.6 x 6.4-6.9 pm, similar to the results obtained
in this research. The Duncan’s test revealed significant
difference to dimensions of appressoria produced by
Citr-SE and Citr-BA in relation to other isolates listed
in Table 1. Although measurements of appressoria
have been made, the size did not reveal taxonomic

Table 1. Size ([um) of appressoria produced by Colletotrichum gloeosporioides.

Isolate code Length (mean) range Width (mean) range Origin locality
AVO-CE 114b 104 -122 63b 58-7.0 Ceara
AVO-PE 9.1 cde 9.1-11.0 6.1 bed 54-70 Pemambuco
CAS-PB 10.8 bed 98-11.6 6.1 bed 5.8-6.6 Paraiba
CAS-PE 94c 8.7-10.0 5.8 cde 55-6.1 Permambuco
CITR-SE 128 a 113-149 73a 63-83 Sergipc
CITR-BA 124 a 11.4-144 5.7de 5.1-64 Bahia
GUA-CE 9.9 de 9.2-105 5.7de 55-6.0 Ceara
GUA-BA 113b 95-122 6.1 bed 55-71 Bahia

ANON-BA 10.5 bed 9.2-14.7 64b 6.0-6.7 Bahia

MANG-CE 11.2b 9.1-12.7 5.8 cde 54-6.7 Ceara

MANG-RN 10.7 bed 95-12.0 6.2 be 54-70 Rio Grande do Norte

MANG-PE 10.9 be 93-12.1 63b 53-70 Pemambuco

All means are averages of 15 monoconidial cultures, of which 25 appressoria were measured for each monoconidial isolate studied.
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Apressoria of Colletotrichum gloeosporioides

Figure 1. Appressoria of Colletotrichum gloeosporioides: on hyphal apex (a); from conidia (b); group of appressoria (c); chain of appressoria
(d); conidia produced from gerntube of appressoria ().
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importance because they vary widely and do not
appear to offer any characteristics in delimiting taxa
within the C. gloeosporioides group. Nevertheless,
Cox and Irwin (6) reported that appressorial morphology,
but not size, when combined with conidium size was
useful to reduce the variability within identification of
this species. Also, Shear and Wood (17) found an
excessive variability insize and shape of appressoria, and
comment its occurrence is associated to contact with a
hard surface and to lack of some nutrient.

The most of the appressoria were formed on hyphal
apex or sporophore (Fig. 1a.). Those produced from
conidia were more uniform in size, usually smaller
than those produced from tips of hyphae (Fig. 1b).
Sometimes one septuin was formed at the base before
the full expansion of appressorium, separating it of the
sporophore. In some cases, the hyphae branches at the
base of an appressorium, growing around it and
producing a secundary appressorium or many side
branches, close each other forming a group were found
(Fig. 1c), or secundary appressorium give origen to
other as a chain of apressoria (Fig. 1d).

Appressorial formation was common when bits of
mycelium, better than spores, grow in microculture on
glass slides for 48-72 hours. Appressoria germinate
readily, and the germtube emerged from the germ pore
and, as observed in CITR-SE, CITR-BA, CAS-PB,
MANG-CE, many conidia from germtube apex were
produced (Fig. le). This is the principal point in
evidence because appressoria can propagate and
disseminate the species by conidia formation, in
addition to well known capacity of penetrate directly
on the host surface. Similar results were also obtained
by Agostini and Timmer (1) in relation to C.
gloeosporioides on citrus. Based on their observations
they suggested the following cycle for PFD strains:
conidia are produced on infected tissues of citrus and
they can germinate to form appressoria. In favorable
conditions, appressoria are stimulated to germinate
and form conidia that are dispersed by rain-splash.

From this results the concept of appressoria can be
altered. In the past, it was reported in C.
lindemuthianum, agent of bean anthracnose, as
“adhesion organs™ or ‘‘spore-like organs™ (10), by
means of which the pathogen is firmly atached to the
host surface during the early stages of infection (11).
Appressoria were regarded as secondary spores, but
no particular function was attributed to them, except
that they were resting spores.

Then, as infection structures, appressoria are well
known, and were named resting bodies because under
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favorable conditions they can germinate, adhere to
host surface and directly penetrate on it (9), but their
role in survival do not has been clearly defined (14).
In according to Kubo er al. (12), appressoria
pigmentation seems to play an important role in the
capacity to penetrate host plant and also for survival.
The dark appressoria are more resistent to unfavorable
condition than hyaline. In general, the color of
appressoria studied varied from dark-brown to
light-brown, with predominance of the first.

On the basis of these results, the autors
concluded that appressoria of C. gloeosporioides
play an important role in the nature, not only in the
direct penetration of a host tissue, but also in the
ability to propagate the species by production of
conidia.

RESUMO

Apressérios de isolados brasileiros de
Colletotrichum gloeosporioides (Penz.) Sacc.,
agente causal de antracnoses

Foram estudados alguns aspectos morfologicos e
funcionais de apressdrios de Colletotrichum
gloeosporioides de diferentes fontes e localidades do
Nordeste do Brasil. De folhas de abacateiro, cajueiro,
citros, goiabeira, gravioleira e mangueira, exibindo
sintomas tipicos de antracnose, foram selecionados 12
isolados. De cada isolado, foram feitas 15 culturas
monoconidiais, sendo utilizada a técnica de
microcultura para os estudos morfologicos dos
apressorios. Todos os isolados formaram apressorios,
havendo variagio no tamanho, forma e quantidade
produzida entre os isolados. Um mesmo isolado
mostrou apressorios levemente lobados e ndo lobados,
0s quais variaram de castanho escuro a claro,
ocasionalmente apresentando um septo, com um poro
germinativo em cada célula. Em alguns casos, os
apressorios germinaram e formaram apressorios
secundarios isolados ou em cadeias. Algumas vezes,
eles formaram um tubo germinativo que deu origem a
conidios de um modo fialidico. Estes resultados
sugerem que a importincia dos apressorios na
natureza, ndo € somente a sua capacidade de penetrar
diretamente na superficie do hospedeiro, mas também,
a sua habilidade de propagar a espécie, através da
produgao de conidios.

Palavras-chave: Apressorios, Colletotrichum,
morfologia, produgédo de conidios, antracnose.
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ENVIRONMENTAL FACTORS AFFECTING CONIDIAL FORMATION IN HUMICOLA SP.
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SHORT COMMUNICATION

ABSTRACT

Humicola sp. was cultured on potato-dextrose-agar (PDA) with the pH adjusted to 7.2
with K2HPO4 or KOH, or not (pH 5.76). The cultures were compared for their sporulation
capacity in the dark and in the presence of tungsten or fluorescent lamps (6 volts/S W and
15 volts/34 W, respectively) at 40°C (fungal growth) and 20°C.

The best sporulation was obtained in the medium with the pH adjusted with KoHPO4
and incubated under exposure to fluorescent light at 20°C.

Key words : Humicola sp., sporulation, pH, light, temperature

The fungus Humicola sp. produces several
extracellular enzymes, namely, cellulases (5),
xylanase (9), amylases (15), trehalase (17), and
B-glucosidase (1, 10).

The genus Humicola is characterized by the
production of simple or extensively branched
conidiophores with unicellular globose or subglobose
apical conidia called aleuriospores. Some species also
produce simple phialids and phialospore chains (2).

Genetic and physiological studies of Humicola sp.
require a good production of spores. Though mycelial
growth is uniform in the species of this genus, conidial
formation presents some problems.

In the present investigation we determined the
effects of temperature, light and pH on conidial
formation in Humicola sp. isolated from compost (4).

Microorganism. Initial inoculum was obtained by
cultivating Humicola sp. on potato-dextrose-agar
(PDA/DIFCO) for 5 days at 40°C.

Procedure. Screw-capped tubes (10 x 50 mm)
containing 1.0 ml PDA/DIFCO were inoculated with
Humicola sp. at levels ranging from 3.6 x 10° to 107
spores/ml.

Spores counts were performed using a
hemocytometer (Neubauer chamber) at 3-day
intervals for 12 days. Spores were scraped off the
tubes with a glass rod after adding 1.5 ml of 0.3%
(v/v) Tween 80 prepared with distilled water.

To study the effects of light and temperature on
sporulation, the pH of PDA was adjusted to 7.2 with
KHPO4. All experiments were done in triplicate.

Effect of Light, Three sets of inoculated tubes
were incubated for 12 days at 40°C and, then, exposed
to either a fluorescent lamp (15 volts/54 W), a tungsten
lamp (6 volts/5 W) or left in the dark at 40°C.

Effect of Temperature. Another set of
inoculated tubes were incubated for 3 days at 40°C
in the absence oflight and, then, maintained at 20°C.
Half the tubes were exposed to fluorescent light and
half were left in the dark.

Effect of pH. The pH of PDA was adjusted to 7.2
with K:2HPO4 or KOH, to a final concentration of
0.01M, or was left without any adjustment (pH 5.76).
Inoculated tubes were incubated in the dark at 40°C
for 3 days. After this time, incubation temperature was

*  Corresponding author. Mailing address: Departamento de Microbiologia, Universidade Federal de Vigosa, 36571000, Vigosa, MG,

Brasil. Telefone: (031)899-2553 - FAX: (031)899-2573
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Conidial formation in Humicola sp.

changed to 20°C and the tubes were exposed to  spore production when combined with the reduction
fluorescent light. of the temperature to 20°C (Fig. 1B). Although light

Fluorescent light alone had little orno effectonthe  is not required for fungal growth, it is essential for
sporulation of Humicola sp. (Fig. 1A) but increased  sporulation in many fungal species (6). How light
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Figure 1: Spore formation by Humicola sp. under difrent growth conditions:

A - Sporulation on PDA (pH 7.2/K2HPO4) after incubation for 12 days at 40°C in the presence of tungsten (W) or fluorescent (@) light, and
in the dark (iH).

B - Sporulation on PDA (pH 7.2/K2HPO4) at 20°C in the presence of fluorescent light (O) and in the dark (Q) after previous incubation for
3 days at 40°C.

C - Sporulation on PDA at pH 7.2 adjusted with K2HPO4 (A) or KOH (@), and at pH 5.76 ({), at 20°C in the presence of fluorescent light
after previous incubation for 3 days at 40°C,
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promotes sporulation in fungi has not yet been
determined. It has been hypothesized that light may
interfere with growth and start the chain of events that
ends in sporulation (6).

Light is essential for the formation and maturation
of reproductive structures. Piskorz-Binczycka (11)
detected an endogenous rhythm characterized by a
long period in the sporulation process (72 h).

The expression of the sporulation rhythm is
sensitive to many factors such as the composition of
the nutrient medium, pH, lighting conditions, and also,
to the properties of the strain itself (14). Sargent and
Kaltenborn (12) reported that, among the substrate
components, amino acids play an important role in the
regulation of the sporulation rhythm.

The nutrient medium and its composition, in
particular, are among the major factors determining
the expression of the conidiation rhythm (3, 12, 13).
According to Feldman and Dunlap (8), some sugars
used in the nutrient medium (ribose, sucrose) have a
stimulatory effect on the conidiation rhythm in
Neurospora. Esser (7) and West (16) described the
influence of the acidity of the nutrient medium as a
regulatory factor which may occasionally determine
the conidiation rhythm, In a study on Neurospora
crassa, West (16) reported that the occurrence of the
conidiation thythm was observed in the pH range of
6.5t0 7.0.

Adjustment of the pH to 7.2 with K2HPO4 favored
sporulation, suggesting that phosphate ion may have
some influence on the production of spores by

Humicola sp. (Fig. 1C). Sporulation was lower when
the pH of PDA was adjusted with KOH.
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RESUMO

Condigdes ambientais que afetam a formagao de
conidios em Humicola sp

O fungo Humicola sp. foi cultivado em PDA com
o pH do meio ajustado para 7.2 utilizando-se K2HPO4
ou KOH, e ndo ajustado (pH 5.76). As culturas foram
comparadas quanto a capacidade de esporular no
escuro ou na presenga da luz, utilizando-se lampadas
de tungsténio (6 volts/5w) ou ldmpadas fluorescentes
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(15 volts/54w), as temperaturas de 40°C (crescimento
do fungo) e 20°C.

A methor esporulagio foi obtida quando o pH do
meio foi ajustado com K2HPO4 e a cultura incubada a
20°C sob luz fluorescente.

Palavras-chave: Humicola sp., esporulagéo, pH, luz,
temperatura

REFERENCES

1. Aratjo, E. F.; Barros, E.G.; Caldas, R.A.; Silva, D.O.
B-glucosidase activity of a thermophilic cellulolytic fungus,
Humicola sp. Biotechnol. Lett. 5: 781784, 1983.

2. Barmett, A.L.; Hunter, BH. Nlustrated genera of imperfect
Jungi. 39ed. Burgess, Minneapolis, 1972, 241p.

3. Brody, S.; Harris, S. Circadian rhythms in Neurospora. Science
180, 498500, 1973.

4. Chaves, V.M.G. Caracteristicas fisiologicas de um fungo
terméfilo isolado de compostagem ¢ propriedades de seu
complexo celulase. Vigosa, 1982, 60 p.( M.S. Thesis.
Universidade Federal de Vigosa - Brasil ).

5. Chaves, V.M.G.; Silva, D.O.; Brune, W.; Moreira, M.A.
Cellulolytic activities of Humicola sp. Rev. Microbiol. 20:
460465, 1989.

6. Cochrane, V.W. Physiology of fingi. John Wiley and Sons,
New York, 1963, 524p.

7. Esser, K. The influence of pH on rhythmic mycelial growth in
Poolospora anserina. Mycologia 61: 10081011, 1969.

8. Feldman, J.F.. Dunlap, C.J. Neurospora crassa: A unique
system for studying circadian thythms. Photochem. Photobiol.
Rev. 7: 319368, 1983.

9. Monti, R.; Terenzi, H.F.; Jorge, J.A. Purification and properties
of an extracellular xylanase from the thermophilic fungus
Humicola grisea var. thermoidea. Can. J. Microbiol. 37:
675686, 1991.

10. Peralta, RM.; Terenzi, H. F.; Jorge, J.A. B-D-glycosidase
activities of Humicola grisea: biochemical and kinetic
characterization of amultifunctional enzyme. Biochim Biophys.
Acta, 1033: 243249, 1990.

11. Piskorz-Binczycka, B. Rhythm of sporulation within the
section Penicillium clavigerum 1. Induction of endogenous
thythms in Penicillium clavigerum Demelius 310.48. 1. Acta
Biologica Cracoviensia series: Botanica 33:1323, 1991.

12. Sargent, M. L.; Kaltenborn, S. H. Effects of medium
composition and carbon dioxide on circadian conidiation in
Neurospora. Plant Physiol. 50, 171175, 1972.

13. Sargent, M.L.; Broggs, W.R.; Woodward, D.O. The circadian
nature of rhythm expressed by an invertaseless strain of
Neurospora crassa. Plant Physiol. 41, 13431349, 1966.

14. Sweiger, H.G. Circadian rhythms in unicellular organisms: An
endeavor to explain the molecular mechanism. Jnt. Rev. Cytol.
51:171175, 1978.

15. Tosi, L.R.O.; Terenzi, H.F.; Jorge, J.A. Purification and
characterization of an extracellular glucoamylase from the
thermophilic fungus Humicola grisea var. thermoidea. Can. J.
Microbiol. 39: 846 852, 1993,

16. West, D.J. Effect of pH and biotin on a circadian rhythm of
conidiation in Neurospora crassa. J. Bacteriol 123, 387389,
1975.

17. Zimmermann, A. L. S.; Terenzi, H. F_; Jorge, J. A. Purification
and properties of an extracellular conidial trehalase from
Humicola grisea var. thermoidea. Biochim. Brophys. Acta,
1036: 4146, 1990.



Revista de Microbiologia (1996) 27:255-262
ISSN 0001-3714

EFFECT OF LECITHIN AND SOY OIL ON THE FERMENTATIVE PERFORMANCE
OF SACCHAROMYCES UVARUM 1Z 1904

Marta Cristina Teixeira Duarte' ¥ Alcides Scrzcdelloz, Gil Eduardo Serral, Maria Cecilia de Faveri
Leite de OIiveiraz. Alexandre Nunes Ponezi', Adilson Sartoratto’

| Centro Pluridisciplinar de Pesquisas Quimicas, Biologicas e Agricolas, CPQBA/UNICAMP, Paulinia, SP,
Brasil, 2Deparzamenlo de Bioquimica e Microbiologia - Instituto de Biociéncias - UNESP/Campus de Rio

Claro, Rio Claro, SP, Brasil;

ABSTRACT

The proposal of this work was to study the effects of lecithin and soy oil on the
fermentative performance of Saccharomyces uvarum1Z 1904, a yeast used in the industrial
production of ethanol. High Test Molasses (HTM) was chosen as the fermentation media
because it is a substratum that is poor in nutrients, and because it permits one to distinguish
the action of lipids from other nutritional factors. The study of the optimization of the
concentration of lipids by surface response analysis showed that the lipids favor the
performance of the yeast principally when applied separately. Maximum concentrations
of the two sources of lipids in the media stimulated the budding rate but did not constitute
a protection against cell death. Considering the action of lipids on the cellular parameters
studied, the supplementation of the media with 3.0 g/l of soy oil permitted the obtention
of maximum responses of cellular viability, budding rate and viability of the buds after 6
successive cycles. In relation to the fermentative parameters, the use of 1.5 g/l of soy oil
provided high yields and an equilibrium between the mass of ethanol produced (EM) and
the alcoholic yield (Yypis) , whereas the cellular viability after 6 cycles did not differ

statistically from that observed with 3g/1 of oil.

Key words: Saccharomyces, ethanol, lipids metabolism, soy oil, soy lecithin.

INTRODUCTION

During the microbial production of ethanol, the
performance of'the fermentative yeast can be hindered
by three main factors: nutrient impoverishment,
unfavorable physical conditions of the media, or by the
so called “‘staling” effect, which occurs due to the
intracellular or extracellular accumulation of products
of the metabolism itself, which limits the
concentration of alcohol that can be reached (9).
Ethanol itself is known to be the main product
responsible for inhibition of fermentation, to which the

diminishment of cellular viability of yeast is
associated (14).

Hayashida et al. (10, 11, 12) verified that in the
production of sake, the cells of Saccharomyces sake
acquired greater resistance to ethanol because they
grow in the presence of an extract of Aspergillus
oryzae mycelium, rich in unsaturated fatty acids. In
this way while in the majority of fermentative
processes the maximum concentration of ethanol
obtained is 10-12 % (v/v), the sake production can
reach concentrations of up to 20 %. Other authors
confinm the same action of lipids (15, 16).

*  Corresponding author. Mailing address: Centro Pluridisciplinar de Pesquisas Quimicas, Biol6gicas e Agricolas, CPFQBA/UNICAMP,

Estrada PLN 393 n®. 999, CEP 13140-000, Paulinia, SP, Brasil.
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The tolerance that yeast has to ethanol is related to
the composition of the lipids in the cytoplasmatic
membrane (5,18, 19, 21, 22), where the fatty acids
perform important roles, not only from the structural
point of view but also from a physiological one. In the
absence of oxygen, a condition that establishes itself
during fermentation, the yeast cells are incapable of
growing because they do not synthesize unsaturated
fatty acids and sterols (2, 3); Tyagi (23) relates similar
observations in which, because of the absence of
oxygen and an exogenous sources of lipids, the cells
stops growth after 4 or 5 generations. The fenmentation
and the cellular viability can be prolonged by
supplementation of the media with specific lipidic
compounds, as well as some vitamins and proteins,
capable of giving good results if applied industrially
(17,24, 1).

The main objective of this work was to study the
use of soy oil and lecithin as lipidic supplements for
the fermentation media of Saccharomyces uvarum 1 Z
1904, establishing an optimal concentration of lipids
according to their effects upon the cellular viability,
budding and fermentative activity. The soy oil was
chosen for this study because it is a relatively low cost
source of lipids, and because of its effects on
fermentation which were verified before (1). The
phospholipid lecithin is a natural addictive widely
used in the chemical industry and food industry. Its
functionality is great capable of acting as an
emulsifier, stabilizer, dispersant, among others. The
concomitant use of these lipids is attractive because
lecithin can facilitate the dispersion of oil in the media.

MATERIALS AND METHODS

Microorganism. Saccharomyces uvarum1Z 1904
proceeding from Departamento de Ciéncias e
Tecnologia Agroindustrial da ESALQ-USP. The yeast
was preserved in tubes with solid YEPD media,
refrigerated at 5°C. The renovation of the cells was
done by inoculation of cells in the media, and
incubation at 30°C for 48 hours.

Activation of the culture. The culture was
activated before the fermentations, in a media
containing (g/L): glucose, 40.0; KH2POa, 5.0; NH4Cl,
1.5; MgS04.7H20, 1.0; KCl, 1.0; yeast extract, 2.0;
distilled water up to 1000 ml; pH 6.0. After growth in
the YEPD media, cell samples were transferred to a
500 ml Erlenmeyer flask, containing 100ml of
activation media and incubated at 30°C in rotary
shaker (280 rpm), for 24 hours.
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Dissemination of cells for inoculum. The media
used for growth was HTM (High Test Molasses) at a
concentration of 10°Brix, supplemented with 10 g/L
of yeast extract. For the production of inoculum in an
adequate quantity for fermentation, the dissemination
was performed in two cycles. Aliquots of the activated
culture were transferred to an 500 ml Erlenmeyer flask
containing the media of HTM, keeping the proportion
12:100 (v/v). The cultures were incubated at 30°C
under an agitation of 280 rpm for 24 hours, and the
cellular mass obtained was aseptically separated from
the media by centrifugation (5600 x g, 10°C, 10 min).
The cells originated were reinoculated in the growth
media, and subject to growth as before. After 24 hours
the cultures were centrifuged, and the biomasses
combined and suspended in the total volume of
medium necessary for the first fermentative cycle, to
guarantee homogeneous inoculum. Identical volumes
were then distributed in the fermentation flasks. The
number of cells at the beginning of the fermentation
was of the order of 108/ml, and the cellular viability
superior to 97%.

Experimental Planning - Optimization of the
soy oil and lecithin concentration. To detcrmine the
ideal concentration of lipids in the fermentation media
of S. uvarum 1 Z 1904, a complete factorial delineation
3% was used, according to Box et al. (6), with
equidistant levels of two independent variables, in
three vanation levels. The factors or independent
variables studied were: lecithin concentration (x1) and
soy oil concentration (x2).The levels of the variables
were determined from preliminary tests, and
according to the statistical delineation 9 experiments
were performed at random, in duplicate (Table 1). The
answers or dependent variables studied were: cellular
viability (Y1), budding rate (Y2) and ethanol yield
(Ys3).

Table T - Experiments performed by factorial combination between
the levels of x) ¢ x2

Experiment Level Lec‘:gi/tlhin Soi’ /IOII
1 -1-1 0,0 0,0
2 -10 0,0 1,5
3 141 0,0 3,0
4 0-1 1,0 0,0
5 00 1,0 1,5
6 0+1 1,0 3,0
7 +1-1 2,0 0,0
8 +10 2,0 1,5
9 +1 +1 2.0 3.0




Fermentation with cell recycle, The experiments
were conducted during 60 hours, divided in 6 cycles
of 10 hours. HTM at a concentration of 18° Brix was
used as a fermentation media. Aliquots of 50 ml of the
inoculated fermentation media, were distributed in
125 ml Erlenmeyer flasks .With the exception of the
control flasks, the oil and/or lecithin were added. The
flasks were incubated under an agitation of 80 rpm and
a temperature of 32°C for 10 hours. After this, a
volume equivalent to 10 % of each culture was
removed for analysis. The wine was separated by
centrifugation (5600 x g, 10°C, 10 min) and the
biomass originating from each flask was suspended
again in 125 ml of fermentation media, in a
corresponding flask, initiating the second
fermentative cycle; this was repeated successively for
6 cycles. Samples of the corresponding cultures were
analyzed at the end of the sixth cycle for the following
parameters.

Cell counting and cellular viability. The
counting of the cells was performed in a Neubauer
camera and microscope. The evaluation of the number
of cells and buds which were dead in the culture, using
a coloring technique with erythrosine (20). The
budding rate of the yeast was calculated from the data
here referred to.

Determination of ethanol. Samples of the
fermented wine were analyzed for the ethanol
production in a gaseous chromatograph (HP 5890).
Ethanol solutions of 5 and 10 % were used as external
standard. Acetone (10% in water) was used as an
internal standard. The operating conditions of the
chromatograph were the following: HP FFAP column
(capillarity 50 m; ID 0.2 mm; film 0.3 pym );
temperature: injection 80°C, column 70°C, detector
150°C; injected volume 1 ul; flow of He Iml/min.

Determination of TRS (Total Reducing
Sugars). The proportion of TRS in the initial media
and of the fermented wine was determined by the DNS
method (13).

Ethanol yield (Yps-). It was calculated from the
data of mass balance of produced ethanol (EM) and of
the mass of sugar consumed (SM) in fermentation, in
gramns (4), by the formula:

Yp/s = EM/SM in which

EM = (EFF-TEF) x ETOHF - [(EFI - EFE) x 0.7 x
ETOHP]

SM = (EFE - TEF) x TRSMF + (EFI - EFE) x 0.7 x
TRSP - (EFF - TEF) xTRSF where:

Fermentalive performance of Saccharomyces uvarum

EFF = weight of the Erlenmeyer at the end of
fermentation (g)

TEF = weight of the empty Erlenmeyer (g)

ETOHF = ethanol produced at the end of the cycle (g/)
EFI = weight of the Erlenmeyer with inoculum (
beginning of fermentation)(g)

EFE = weight of Erlenmeyer with only half (g)

0.7 = interstitial wine (g/g of biomass)

ETOHP = ethanol produced at the end of the cycle
before (g/g)

TRSMF = sugar concentration in the must (g/g)
TRSP = sugar concentration at the end of the cycle
before (g/g)

TRSF = sugar concentration at the end of fermentation

(g/g)

Statistical analysis. The results obtained at the
end of the 6™ cycle for the answers studied in the tests
perforimed by experimental planing, were submitted to
an analysis of variance. The comparison of the mean
values was done by the statistical test of Tukey (8),
with confidence intervals to the level of 5 %. The
program SANEST 2 (25) was used for this purpose.

Analysis by the response surface. The results
related to the answers obtained at the end of the
6" fermentative cycle were modeled by the following
quadratic polynomial equation: Y = o + Bix1 + B2x 2
+B3x 12+ Bax 22+ Bsx 1 x2 were:

Y = answer or dependent variable

Bo= coefficient of the zeroth order effect

B1 -2 = coefficient of the first order effects

B3 -4= coefficient of the second order effects
Bs = coefficients of the interaction effects

The analysis of the data was performed according
to Bruns ef al. (7), and by the Statistical Analysis
System (SAS).

RESULTS AND DISCUSSION

The supplementation of the fermentation media
with lipids at different combinations of concentration,
had a positive cumulative effect on the cellular
viability of the yeast, confirmed by the higher mean
values in relation to the non-supplemented test (Table
2). Comparing the results obtained in the media
without lipids with those of the media supplemented
with only soy oil, the effect of the oil on the viability
of cells was found out to be proportional to the
concentration used. In this way, higher mean values of
cellular viability were obtained in the presence of 1.5
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Table 2 - Celllular viability, budding and ethanol production for S. uvarum 1 Z 1904 cultivated in HTM supplemented with lecithin and/or

soy oil. Mcan valucs obtained at the end of the 6" fermentative cycle.

Test Loohin %oi{ \(/:f;tl,?lllat; bk Vi?l;li‘liity SM £ Ypis
g/l g/l % % & 8
1 . - 65,03 65,43 81,13 5,17 1,93 037
2 . 1,5 73,55 68,67 82,45 5,68 2,69 0,47
3 = 3,0 77,02 74,63 89,18 5,69 2,52 044
4 1,0 - 67,34 63,95 77.47 5,88 2,54 0,43
5 1,0 1,5 70,04 65,00 87,50 6,03 2,52 0,42
6 1,0 3,0 67,09 78,61 86,88 6,04 2,09 0,35
7 2,0 - 72,00 67,10 81,31 6,15 2,53 0,41
8 2,0 1,5 66,30 70,64 81,25 5,15 2,48 0,48
9 2,0 3,0 68,70 8347 83,98 5,99 2,57 0,43

IniLiﬂl data: Cellular viability = 96,12%; Budding rate = 32,95%; Bud viability = 96,26%; Total cells = 6,13 x 10% ml; Total bud = 2,02
x 10%/ ml; TSR initial = 18,10 &/ 100 ml. Culture temperature = 32°C; Agitation = 80 rpm.

Table 3 - Cellular viability (%), budding rate (%) and ethanol mass produced (g) for S. yvarum 1 Z 1904 cultivated in HTM supplemented
with lecithin and soy oil. Comparison between mean values obtained at the end of the 6" fermentative cycle by the Tukey test.

Lecithin Cellulasro\;j ability BuddSi(r)lg rate ISV(I)]‘E,
g/l 0,0 1,5 3,0 0,0 1.5 3.0 0,0 1.5 3,0
0,0 65,03bB 73,55aA 77,02aA 65,43aB 68,67aAB 74,63bA 1,93bB 2,69aA 2,52aA
1,0 67,34bA 70,04aA 67,09bA 63,95aB 65,00aB 78,61abA 2,54aA 2,52aA 2,09bB
2,0 72,00aA 66,30bB 68,70bAB 67.10aB 70.64aB 83.47aA 2.53aA 2.48aA 2.57aA

The means followed by different letters differ between thenselves at a level of significance of 5% by the Tukey test. DMS = 3,69.
Small letter = vertical comparison = test for lecithin means in the cycles related to the soy factor.
Capital letter= horizontal comparison= test for soy means in the cycles related to the lecithin factor.

and 3.0 g/l of soy oil, were the cells showed a viability
of 73.5 and 77.0%, respectively, contrasting to 65% of
the non-supplemented media. This difference is
statistically significant (Table 3). Similar effects were
observed with lecithin. However, the effect of lecithin
related to the non-supplemented media was significant
only at concentrations of 2.0 g/1.

Cultivated cells in a media supplemented at the
same time with lecithin and oil showed viability close
to the one observed in a media containing the lipids
apart only when intermediate concentrations of each
one were used (test 5). Maximum concentrations of
lecithin + oil resulted in viabilities close to the ones of
non-supplemented media.

The budding of the cells in the presence of soy oil
was proportional to its concentration (Table 2), which
corresponded to the largest number of viable cells
found in these conditions. In test 3, greater budding
rates went together with a greater number of viable
buds in the cultures and a larger population. There was
no difference of budding between the test without
supplementation and those in which the media
received only lecithin, but there was an increase in
budding when lecithin was used together with oil. The
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effects observed in the presence of 3.0 g/l of oil,
increased gradually when 1.0g/1 and 2.0 g/l of lecithin
were added (Table 2). The statistical analysis shows
that after 6 fermentative cycles, the budding mean
values of tests 6 and 9 differ statistically from the rest
(Table 3). Since the cellular viability in these tests did
not differ from the one found in the media without
supplementation, one can state that the lipids, when
used in these concentrations, stimulate the budding
rate but are not a protection against cellular death:
The effect on budding of the oil together with the
lecithin could be a reflection of the dispersant function
of the phospholipid. A greater dispersion of the oil in
the media is believed to have facilitated the
incorporation of the lipids by the cells, increasing the
budding rate. However, the reason why the viability of
the cells and buds did not agree is not yet clear. A
possible explanation for this fact, is that in tests 6 and
9, the total concentration of lipids in the media in each
cycle reached respectively 4.0 and 5.0 g/l, which may
indicate an intoxicating effect on the cells.
Lafon-Lafourcade e/ al. (15), mention that the addition
of lipids in concentrations above those necessary to
assure a satisfactory cellular structure, ends up



restricting fermentation, diminishing the permeability
of the membrane and restraining the exchange of
substances between cells and the media.

The use of 3.0 g/l of soy oil stimulates budding and
does not affect the viability of the buds, and this is what
must have been reflected in higher proportions of
viable cells. A decrease of the yeast’s mortality in the
presence of soy oil was verified before (1), when the
soy oil showed a protecting effect two times greater
than oleic acid .

Apart from the action on cellular viability, the
synergistic effect that the oil and lecithin exerted on
the budding rate was evident, indicating that a greater
lipidic enrichment of the plasma membrane may have
stimulated the budding.

Taking into consideration the action of the lipids
on the cellular parameters studied, the
supplementation of the media with 1.5 and 3.0 g/l of
soy oil showed a positive effect on cellular viability,
consistent with the viability of the buds. The other
treatments did not show consistent effects or showed
only isolated effects related to the parameters.

Considering the ethanol mass produced (EM) at
the end of 6 fermentative cycles, the yeast produced
greater quantities in the presence of 1.5 g/l of soy oil
and 2.0 g/l of lecithin + 3.0 g/l of soy oil (Table 2, tests
2 and 9). However the cells were more efficient in the
conversion of sugars (Yps) when cultivated in HTM
containing 1.5 g/l of oil and 2.0 g/l of lecithin + 1.5 g/1
of soy oil, respectively (Table 2, tests 2 and 8).

The results of Table 2 express that a greater sugar
mass (SM) consumed did not implicate necessarily in
greater ethanol yields. In the case of test 6, a high
quantity of TRS was consumed in 10 hours, but
corresponded to a low Yys value. Since this
consumption of TRS did notresult either in an increase
of biomass, the consumption of media may be
associated to metabolic activities in response to a
cellular intoxication by lipids.

The fact that the yeast showed greater cellular
viability after 6 cycles in the media with 3.0 g/l of soy
oil (test 3), did not incur the obtention of higher ethanol
yields (Yps).

The comparison of the mean values of the ethanol
produced (EM) performed by the Tukey test (Table 3),
indicates that the ethanol production by the yeast was
significantly lower than in test | and 6. Although there
were no striking differences between the other
supplemented tests, the use of 1.5 g/l of soy oil showed
high and equilibrated yields between EM and Yps.

Fermentative performance of Saccharomyces uvarum

Evaluation of the behavior of the responses
after 6 fermentative cycles through the analysis of
the response surface. The results obtained at the end
of the 6™ fermentative cycle for the answers or
dependent variables studied, that is, cellular viability
(Y1), budding rate (Y2) and ethanol yield (Y3), were
molded by the quadratic polynomial equation
indicated before, and submitted to the analysis of
surface response. The analysis of variance for the
models is shown in Table 4.

According to the results, the analysis of variance
applied to the model produced for cellular viability
(Y1) showed that it is significant at a confidence level
0f'95%, which indicates that the variable responded to
the treatments in the interval studied of lipidic
concentration. The lack of fit was not significant. The
proportion of variance explained by model (R?) is
considered good, which indicates a good correlation
between model and experimental data. Besides, the
variance coefficient lower than 10% is satisfactory,
which means a reinforcement to the fit of the model
with the data. Considering that the linear and
interaction effects (Crossproduct) are significant, the
quadratic effects can be eliminated from the model
making it simpler. The analysis also showed that the
two variables studied are significant. The analysis
shows that the model can be used for predicting
purposes.

Through the surface response graphic (Fig. 1), it is
observed that the yeast exhibited lower viability both
when cultivated without lipid supplementation (level
-1 -1) and in a media containing the maximum
concentration for each lipid (level +1 +1). The Figure
indicates that the tendency of cellular viability was to
increase in the presence of the maximum levels of
lecithin or soy oil.

Table 4 - Analysis of the variance and significance of the variables
studied, executed by the Statistical Analysis System (SAS).

Independent Cellular Budding rate  Ethanol yield
variables V'?E/ﬂ)ﬂy (%) (%)
0
Lincar 0,0090* 0,0000* 0,3698
Quadratic 0,2411 0,0677 0,0179*
Crossproduct 0,0009* 0,0837 0,2579
Total Regression 0,0035* 0,0002* 0,0780
x1 (g/l) 0,0029* 0,0710 0,2365
x2 (g/) 0,0024* 0,0001* 0,0677
R? 0,8846 0,8595 0,5521
Variation Coef. 2,77 4,69 9,48
Lack of Fit 0,0939 0,7470 0,0058*

* F significant test. Significance level (p< 0,05)
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Figure 1 - Response surface for the variable cellular viability (%) of S. uvarum 1 Z 1904 cultivated in HTM supplemented with lecithin and

soy oil, after 6 fermentative cycles.
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Figure 2 - Response surface of the variable budding rate (%) of S. uvarum 1 Z 1904 cultivated in HTM supplemented with lecithin and soy

oil, after 6 fermentative cycles.

Regression Equation: Y2 = 66,37 +2,07 x1 + 6,87 x2 + 2,74 P+ 3,85 X2t 1,85 x1.x2

The model obtained for budding rate (Y2) is highly
significant at the confidence level of 95%, and the lack
of fit is not significant (Table 4). The analysis
indicated that the only significant variable for the
budding rate is X2, that is, soy oil. In this way, it would
be possible to make predictions for the budding rate
using the model; if the model were valid for different
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values of lecithin and soy oil than those studied in this
present work, extrapolations could be made to obtain
budding values. Fig. 2 shows that the budding rate was
especially favored when the media was supplemented
with the maximum concentrations of lipids (level +!
+1), but that budding was also favored by the
concentration increase of soy oil. The lecithin had no
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Figure 3 - Response surface for the variable ethanol yield (Ypss) produced by S. uvarum 1 Z 1904 cultivated in HTM supplemented with

lecithin and soy oil, after 6 fermentative cycles.

Regression Equation: Y3 = 0,43 + 0,06 x1 - 0,0008 x2 + 0,038 x1° - 0,06 x27 - 0,02 x1.x2

effect on the yeast budding in the studied
concentration intervals.

The variance analysis obtained for the model
referring to the ethanol yield (Y3) is not significant at
a confidence level of 95 %, a result which indicates
that the alcoholic yield did not depend on the changes
of the lecithin and soy oil levels in the concentration
intervals used in these tests. Furthermore, the
significant lack of fit and low proportion of variance
explained (R%- Table 4), show that the quadratic model
did not adequate itself to the experimental data. This
happened because the addition of the squares of the
experimental error is a very small value (0.003950),
and for this reason was not taken into consideration.
Neverthheless, it is possible that some other variable
should have been controlled for the achievement of a
more satisfactory fit of the data, or that the quadratic
model is to simple to represent the data. The variance
coefficient is satisfactory, but the model is not
recommended for the prediction of results, mainly
because of the value of R?, so that it can be used only
for a study of the tendency of the response. In relation
to the significance’s, only the quadratic effects (x2x2)
are significant.

The fact that the lack of fit was significant to the
response of the ethanol yield and not significant to
other responses, supports the assumption that this lack
of fit depends more on the complexity of the data than
on the estimation of error, which had lower values for

most of the terms of the model (data not shown).
Therefore, it would be possible to try to mold the
results with a cubic model. However, this model would
be far too complex for the study, and in the attempt to
explain the results, it could lead to graver errors than
the lack of fit observed. Since there was not an
adequate fit between the model and the data obtained
for Y3, Fig. 3 shows only a tendency of this response.
According to the graphic, higher yields of ethanol are
obtained with concentrations of 1.5 g/ of soy oil, or
with its combination with the maximum concentration
of lecithin employed.

RESUMO

Efeitos da lecitina e do é6leo de soja sobre o
desempenho fermentativo de Saccharomyces
uvarum 17, 1904

A proposta deste trabalho foi estudar os efeitos da
lecitina ¢ do 6leo de soja sobre o desempenho
fermentativo de Saccharomyces uvarum 1 Z 1904,
levedura utilizada para produgio industrial de etanol.
High Test Molasses (HTM) foi escolhido como meio
de fermentagdo por ser um substrato pobre em
nutrientes, e permitir distinguir a agdo dos lipidios da
de outros fatores nutricionais. O estudo de otimizagio
da concentragdo dos lipidios por analise de superficie
de resposta mostrou que os lipidios favoreceram o
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desempenho da levedura principalmente quando
aplicados separadamente. Maximas concentragdes
das duas fontes de lipidios no meio estimularam o
brotamento mas ndo se constituiram em prote¢do
contra a morte celular.

Considerando a ag¢do dos lipidios sobre os
pardmetros celulares estudados, a suplementagdo do
meio com 3,0 g/l de 6leo de soja permitiu obter
maximas respostas de viabilidade celular, taxa de
brotamento ¢ viabilidade dos brotos apos 6 ciclos
sucessivos. Em relagéo aos parametros fermentativos,
o emprego de 1,5 g/l de oleo de soja propiciou
rendimentos elevados e um equilibrio entre a massa de
etanol produzida (ME) e o rendimento alcodlico (Ypss),
sendo que a viabilidade celular apds 6 ciclos nédo
diferiu estatisticamente da observada com 3 g/l de
oleo.

Palavras-chave: Saccharomyces, etanol,
metabolismo lipidico, 6leo de soja, lecitina de soja.
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ABSTRACT

The reduction of biochemical oxygen demand of whey with concomitant fuel
production is one of the many challenges in biotechnology. Escherichia coli ATCC 11775
containing plasmid-borne genes (pLOI297) encoding the enzymes for ethanol production
from Zymomonas mobilis was used to convert lactose and whey to ethanol in batch
fermentation. The best conditions were adjusted for: inoculum, lactose concentration and
additional nutrients to whey fermentation. The inoculum was grown for six hours with
agitation in Luria broth, under aerobic conditions. Inoculum was 10% of the fermentation’s
volume. With lactose concentrations higher than 60g/l, there is a detectable residue of
galactose in the fermentation medium. The amount of ethanol produced from whey,
supplemented with tryptone, was 38g/l with 85% efficiency of conversion in 60 hours.
Yeast autolysate prepared either by addition of chloroform or heat treatment can replace
tryptone as source of organic nitrogen. Further studies are needed to increase ethanol yield
from whey as to convert this feedstock to potential for commercial expansion of fuel
ethanol production.

Key words: Escherichia coli, whey, ethanol, lactose

INTRODUCTION

Whey is a by-product generated in large amounts
during the making of cheese and represents an
industrial waste disposal problem due to a high
biochemical oxygen demand. In 1994, according to
the Brazilian Association of Cheese Industries, cheese
production was 290,000 ton/year and for each 100
liters of milk utilized, 90 liters of whey were
generated. Although itis to some extent utilized by the
food industry that extracts part of its protein content
(1), lactose still remains as the main organic polutant.
The fermentation of this sugar to produce ethanol
employing Kluyveromyces sp. has been one of the
alternative uses of whey (8, 12) yet with little success
from an industrial standpoint, since ethanol

concentrations above 30g per liter inhibit the yeast’s
activity (3,13). Other ways of producing ethanol from
whey have been tried out such as the utilization of
mixed cultures of Kluyveromyces sp and Zymomonas
mobilis (7) or the insertion of the beta-galactosidase
gene into Saccharomyces cerevisiae (11). The results
obtained, however, are still incipient as the ethanol
concentrations obtained are very low concerning to an
industrial goal.

An alternative form of utilizing lactose from whey
was recently proposed by Guimaries e al. (4), who
employed Escherichia coli containing both the
pyruvate decarboxylase (pdc) and alcohol
dehydrogenase (adh) genes of Z. mobilis integrated to
the chromossome (9). In the present work, a different
genetically modified strain of E. coli harbouring the

*  Corresponding author. Mailing address: Instituto de Ciéncias Biomédicas da Universidade de Sdo Paulo. Av. Prof. Lineu Prestes, 1374.
CEP05508-900 - Sdo Paulo - SP. -Brazil. Fax:55-11-818-7354. E-mail: mlcarval@biomed.ICB2.USP.BR
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same plasmidial genes and expressing them in large
amounts (2) was employed. We tried to optimize the
utilization of lactose from whey studying different
ways of preparing the inoculum, various
concentrations of whey and the addition of nutrients
for better use of the fermentable substrate.

MATERIALS AND METHODS

Microorganism and culture medium:
Escherichia coli ATCC 11775 harbouring plasmid
pLOI297 which contains the pdc and adh B genes of
Z. mobilis (5) was used. Cultures were kept in Luria
medium (LB) supplemented with lactose (20g/l) and
tetracycline (12.5mg/1) (2)

Whey: According to the maker’s analysis, the
powdered whey used contained 72% lactose, 14%
protein, 8% mineral salts, 1.5% fat and 4.5% humidity.
Whey was dissolved in 0.2M phosphate buffer (pH
7.0) and pasteurized at 60°C for two hours before
starting the fermentations.

For nutritional studies. whey was further
supplemented with tryptone, yeast extracts and yeast
hydrolysate. Yeast hydrolysate was obtained from 13g
of dry yeast suspended in 100 ml of water containing
2g of (NH4)3PO4 and treated in two different ways: a)
60°C for 18 hours and b) treatment with Iml of
chloroform at 60°C for 1 hour. In both cases, cell
debris were removed by centrifugation and the
supernatant used as yeast autolysate. Concentrations
of tryptone and yeast extract are listed on Table 2.
Yeast autolysate was added in the proportions of 1 to
19 or 1 to 7 of whey (v/v).

Inoculum: six isolated colonies for each 10ml of
medium were inoculated in LB supplemented with
20g/1 of lactose or in whey diluted so as to contain the
same concentration of this sugar. The inoculum was
incubated at 30°C for six hours with shaking, and the
added volume was of 10% of the volume to be
fermented. Other conditions are described in Results
and Discussion.

Fermentations: Carried out in 200 ml
round-bottom flasks containing 180ml of medium or
whey at the concentrations specified for each test. The
flasks were stoppered with rubber cap, which were
perforated with a needle for sampling and outflow of
gases. Fermentations were conducted at 30°C with
shaking until all the sugar was consumed or ethanol
was no longer produced.

Chemical Analyses: Ethanol and sugars were
measured by HPLC as previously described (12).
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Some ethanol measurement were concomitantly made
by the potassium dichromate oxidation method
specified by Joslyn (6).

The results represent the mean of three or more
tests and, for computations, the theoretical yield is of
0.54g ethanol/ per gram of lactose.

RESULTS AND DISCUSSION

Ethanol production from lactose and whey was
previously compared between two American Type
Culture Collection strains: E.coli ATCC 11303
(pLOI297) and ATCC 11775 (pLOI297). These
strains were selected for their caracteristics in
environment tolerance, plasmid stability, substrate
range and ethanol production (2). When ethanol
production was measured with whey as substrate
E.coli ATCC 11775 presented better results (data not
shown). On the basis of these comparative studies,
strain ATCC 11775 appeared to be the best constructs
for ethanol production from whey.

The inoculum was prepared in LB medium
supplemented with lactose (20g/1) and tested taking
into consideration the following parameters: time of
growth (6 and 18 hours), shaking and stationary
culture, presence or absence of oxygen and addition to
the fermentation medium of either 10 or 20% of the
volume. The conditions that gave the best results were:
six hours of growth with shaking, presence of oxygen
and inoculum of 10% of the volume. These parameters
were taken as standard for all subsequent tests. The
inoculum was made in LB medium even for the
fermentation experiments carried out in whey,
because this LB preparation proved to be
physiologically better than the one made with whey.

Table 1 shows the results of fermentation using
E.coli ATCC 11775 (pLOI297) in the presence of
increasing concentrations of lactose. The conversion

Table 1 - Ethanol production by Escherichia coli ATCC
11775(pL0O1297) in Luria broth containing different concentrations
of lactose (96 hours).

Lactose Ethanol Yield Efficiency™
(g g/ (g et/g sug.)* (%)
60 322 0,53 99
80 40,6 0,50 9%
100 40,8 0,40 75
120 444 037 68

" Calculations are based on total sugar added initially
" Calculations are based on theoretical maximum conversion of
lactose (54g of ethanol per 100 grams of sugar)



is total and the efficiency is close to the maximum at
up to 80g/l of the sugar. From this concentration
onwards, a residue of lactose and galactose was
observed in the medium, galactose being generated
during the hydrolysis of lactose. The incorporation
into E.coli of the Z. mobilis genes responsible for the
production of ethanol from lactose, proved to be more
successful (Table 1) than the use of mixed cultures of
Z. mobilis and K. fragilis where the best ethanol yield
was 0,43 (7). On the other hand, the ATCC 11775
strain was as efficient as the ATCC 11303 previoulsy
employed (2) and the KOI11 that had its plasmid
incorporated into the chromosomal DNA (4).

To evaluate the influence of each of the components
of the LB medium, fermentation experiments were
carried out with added lactose (80g/1) followed by the
separately addition of the following supplements:
tryptone (10g/1), yeast extract (5g/1) and NaCl (5g/1).
The results are presented in Table 2. Tryptone is a rich
source of protein, peptides and amino acids. Although
whey already contains proteins, the use of an additional
source of nitrogenous compounds has been reported to
cause a significant increase in the growth and in the
production of alcohol (4). We observed that none of the
components introduced led to a production of ethanol
similar to that obtained with the standard Luria
medium, yet both tryptone and yeast extract are two

Ethanol production by Escherichia coli

sources that may be employed whenever available and
economically feasible.

Fermentation using concentrated whey containing
60g/1 of lactose yielded a discrete production of
ethanol (data not shown). For this reason, whey was
supplemented with tryptone (10g/1) and tryptone plus
lactose at the additional concentrations of 20, 40 and
60g/1. The results presented in Table 3 show that whey
containing tryptone and lactose at up to 80g/l can be
fermented with an efficiency of about 85%. Guimaries
et al. (4) employed another recombinant strain of £.
coli B (ATCC 11303, strain KO11) and cultured it in
whey containing salts, vitamins and proteinases; they
obtained, under the best conditions, 30g/1 of ethanol
starting from 60g/1 of lactose. Higher concentrations
led to yields and times of fermentation similar to the
ones presently reported were whey was supplemented
only with either tryptone or yeast extract.

Considering the performance of modified
microorganims, however, this genetic makeup (5)
proved to be superior to that described by Porro er
al.(10), who transformed Saccharomyces cerevisiae
and studied the fermentation of whey by it, obtaining
yields not greater than 18g/l of ethanol in medium
containing 60g/1 lactose.

Tryptone at 10, 5 and 2.5 g/l was added to double
concentrated whey (lactose=80g/1). The results,
expressed in Figures 1A and 1B, show that lactose

Table 2 - Ethanol production by Escherichia coli ATCC 11775(pL0O1297) in batch fermentation, in media containing lactose supplemented
with tryptone, yeast exiract and NaCl added together (LB) or scparately

Lactose (8%) Ethanol Yield \/P(48]1rs)d Efﬁciencyab Conversion
supplemented with (e (g.et/g.sug™) (g.et/N/h) (%) efficiency” (%)
LB 406 0,50 0,70 94 94
Trypt.(10g/1) 319 0,39 0,62 74 89
Y .extr (5g/1) 32,3 0,40 0,61 75 80
NaCl (5g/1) 14,3 0,17 0,23 33 S

* Calculations are based on total sugar added initially.

Calculations are based on theoretical maximum conversion of lactose (54g of ethanol per 100g sugar)
® Calculations are based on theoretical maximum conversion of lactose consumed.

VP= Volumetric productivily - grams of ethanol/l/hour.

Table 3 - Ethanol production by Escherichia coli ATCC 11775(pL0O1297) in batch fermentation, in whey (60g lactose/1) supplemented with

tryptone and different lactose concentrations.

Whey plus:: Ethanol Yield® VP (72hrs)? Efficiency * Conversion
Tryptone (10g/1) (g (g.et/g sug) (g.et/l/h) (%) efficiency(%)°
Lactose 20g/1 35,4 0,44 0,49 82 82
Lactose 40g/1 38,4 0,38 0,53 70 85
Lactose 80g/1 39,7 0,28 0,55 51 82

* Calculations are based on total sugar added initially.

Calculations are based on the theoretical maximum conversion of lactose (54grams of ethanol per 100 grams of sugar)
¢ Calculations arc based on theoretical maximum conversion of lactose consumed.

VP - Volumelric productivily - grams of ecthanol/l/hour.
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Fig. 1 - Ethanol production (A) and lactose utilization (B) by Escherichia coli ATCC 11775(pL01297), in batch fermentation in whey (80
g/l lactose), supplemented with different concentrations of tryptone (0 g/1; 2,5 g/l; 5 g/1; 10 g/).

consumption is linear and proportional to the amount
of tryptone added, at least for the first 48 hours. After
this period, the rate of consumption changes and the
production of ethanol falls, leaving residual sugar in
the medium. The maximal volumetric productivity
measured at 10 and 20 hours was of 1.06g/l/h,
0.86g/1/h, 0.71g/V/h and 0.23g/l/h when adding 10, 5
and 2.5g/1 and no tryptone, respectively. When
tryptone was supplemented at a concentration of 10
g/l, the production of ethanol, besides being faster,
reached higher levels than those reported by
Guimardes et al. (4) after 48 hours of fermentation.
Experiment revealed that yeast autolysate can be
substituted by yeast extract provided it is added at a
proportion of 1 ml of autolysate to 7 ml of whey,
independently of the way it is prepared. Preparation of
autolysate by yeast treatment with chloroform 1s faster
than heating at 60°C and allows the release of nutrients
from within the cell, thereby enriching the culture
medium. The preparation of the yeast suspension in
(NH4)3PO4 worked better than that in water (data not
shown) since it supplied additional sources of
phosphate and nitrogen.

Although further investigations are needed to
optimize ethanol production by recombinant £.coli
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from whey the convertion rate of lactose exceeded
previous rates by yeasts and other £.coli tested with a
more expensive system.

Further studies to increase ethanol yield offer
potential for commercial expansion of fuel ethanol
production by an alternative feedstock as whey which
do not have competing value as food besides being a
polutant,
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RESUMO

Produg@o de etanol a partir de lactose e soro de
leite por Escherichia coli expressando genes de
Zymomonas mobilis

Um dos maiores desafios da biotecnologia é a
redugédo da demanda bioquimica de oxigénio do soro
de leite com concomitante produgio de um



combustivel liquido. Utilizamos, para este fim,
Escherichia coli ATCC 11775 contendo o plasmidio
pLOI 297 que codifica as enzimas etanologénicas de
Zymomonas mobilis capazes de converter lactose em
etanol. No processo fermentativo, os seguintes
pardmetros foram estudados: preparo do inéculo,
concentragdo de lactose e adigdo de nutrientes ao soro
de leite. As melhores condi¢des em relagéo ao indculo
foram: crescimento em seis horas com agitagdo em
meio Luria. O indculo foi de 10% do volume de
fermentagdo. Em relagdo a concentragio de lactose,
detectamos que acima de 80g/l, ha um residuo de
galactose no meio de fermentagdo. A quantidade de
etanol produzida a partir de soro de leite suplementado
com triptona foi de 38g/l com uma eficiéncia de 85%
de conversdo, em 60 horas. Autolisado de levedura
preparado pela adi¢do de cloroformio ou tratamento
térmico pode substituir a triptona como fonte de
nitrogénio orgdnico. Sdo necessarios estudos
adicionais para aumentar a produgdo de etanol a partir
de soro de leite de forma a tornar a utilizagdo deste
residuo economicamente viavel.

Palavras-chave: etanol, Escherichia coli, soro de
leite, lactose
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ABSTRACT

The variation of total protein of spore during germination of strains E9, Pegro and BSA
of Metarhizium anisopliae var. anisopliae was investigated. Minimal germination time
(MGT, defined as the time during which 85% of the conidia germinated) for the three
strains was 12 hours of incubation in minimal medium. When the total protein content of
the three strains was determined, variations related to increased germination time were
detected and the beginning of protein synthesis was found to differ among strains. Strain
E9 started protein synthesis between 0 and 7 hours of germination time, whereas strains
Pegro and BS A started germination between 7 and 13 hours.

Key words: Metarhizium anisopliae, spore germination, conidial protein content.

INTRODUCTION

The fungus Metarhizium anisopliae has been used
to control insect pests and has been shown to have a
great potential as a biological control agent (12). More
than 200 insect species belonging to 43 families and 7
orders (14) are hosts to this entomopathogen.

Entomopathogenicity, defined as the ability to
produce disease in insects, depends on sequential
events of mechanical and biochemical order that are
triggered synchronously by the deposition of the spore
on the insect cuticle, followed by germination,
penetration, colonization, exteriorization of fungal
structures and spore production on the insect’s carcass
(13,15).

For a pathogenic fungus, spore germination with
or without the production of specialized structures
such as the appressoria is the first step in the
penetration and initiation of infection (15). The
germination of M. anisopliae spores is asynchronous

and in some strains, such as E9, a germ tube is present
within 12 hours at 28°C in 90% of the spores under
conditions of culture in a medium of semi-defined
composition (1).

Water absorption by M. anisopliae spores
increases the germination rate as well as the mortality
rate of the insect Manducca sexta, a fact that appears
to be related to synchronism that favors the formation
of appressoria, important structures for pathogenesis

().

Germination is preceded by a rapid increase in
protein synthesis rate (3,17) and this synthesis is
essential for the formation of the germ tube in all fungi
(5,8). In most fungi DNA synthesis starts after the
initiation of RNA and protein synthesis but before the
appearance of the germ tube. Cycloheximide, a
substance that inhibits protein synthesis, is known also
to inhibit the formation of the germ tube in M.
anisopliae (2).

*  Corresponding author. Mailing address: Departamento de Genética ¢ Evolugfo, IB, Universidade Estadual de Campinas - UNICAMP,
Cidade Universitaria Zeferino Vaz, Caixa Postal 6109, CEP 13081-970, Campinas, SP, Brasil.
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In view of the importance of germination for an
entomopathogenic fungus, in the present study we
evaluated the protein content of germinating and
non-germinating spores of three M. anisopliae strains.

MATERIALS AND METHODS

Strains E9, Pegro and BSA of M. anisopliae var.
anisopliae were isolated from insects known in Brazil
as "spittleburgs" (Homoptera, Cercopidae), i.e, Deois
flavopicta from the state of Espirito Santo, Deois
favopicta from the state of Sdo Paulo, which occurs
in pastures and Mahanarva posticata, from leaf of the
sugar cane plant, from the state of Alagoas. The strains
are stored in liquid nitrogen and maintained in the
germplasm bank of entomopathogenic fungi of the
Department of Genetics and Evolution, State
University of Campinas, Campinas, SP.

Preparation of synchronized spores - The
method of Law and Timberlake (8), modified, was
used to obtain spores of similar physiological level in
all experiments. Spores produced on solid minimal
medium (MM) (11) were gently collected from the
surface of the culture medium and transferred to saline
solution. Aliquots (10 ml) of the spore suspension
were transferred to 1000 ml Erlenmeyer flasks
containing 300 ml liquid MM (LMM). Eight
Erlenmeyer flasks per strain were incubated at room
temperature (+ 28°C) for 24 hours with shaking. The
pellets formed after this period of time were separated
by vacuum filtration through n°.1 Whatman filter
paper measuring 30 x 20 cm. The pellets were washed
in 1000 ml sterilized distilled water to remove culture
medium residues. The filter paper with the pellets was
placed on a layer of nylon beads used as support on
Pyrex trays containing 100 ml LMM so they would be
slightly soaked. The Pyrex trays (19.5 x 30 x 4.5 cm)
thus prepared were covered with plastic film and
incubated at 28°C for 7 days in order to obtain
synchronized spores. After development, the spores
were scraped from the filter paper, suspended in
sterilized distilled water and filtered through three
layers of sterilized gauze for the retention of possible
mycelial fragments. The filtrate was centrifuged at
400 g for 10 minutes, yielding a humid spore mass that
was used for the analysis of total protein content.

Evaluation of protein amount in germinated
and non-germinated spores - Humid portions of
spores of known mass of the strains E9, Pegro and
BSA were left to germinate in LMM and collected at
different times (0, 7, 13 and 24 hours) by

Variability of Metarhizium anisopliae

centrifugation. The portions were ground separately in
liquid nitrogen in a mortar in 6 ml 0.1 M phosphate
buffer, pH 7.0, the ground mass was collected in 6
additional ml of the same buffer and immediately
centrifuged at 2000 g for 25 minutes at 3°C. The
supernatant was collected, filtered through a 0.45 ym
Millipore filter and dialyzed for 12 hours in 500 ml
phosphate buffer, pH 7.0. The amount of protein
present in the extracts was measured by the method of
Bradford (4), modified. Forty pl samples of the
dialyzed supernatant were placed in a test tube
containing 1.5 ml phosphate buffer and 1 ml of CBB
reagent (0.06 g Coomassie Brilliant Blue G-250 and
1000 ml 3% perchloric acid) at room temperature. A
reading was taken 2 minutes later in a Beckmann
DU-70 spectrophotometer at 595 nm wavelength.

Electrophoresis for the determination of total
spore protein - Aliquots of the extracts obtained as
described above were submitted to polyacrylamide gel
electrophoresis using a vertical run and a
discontinuous system of buffers. The sample was
prepared by mixing 100 pl of the sample with 10 pl
bromophenol blue solution (0.025 g bromophenol blue
+ 10 ml Tris-HC1 buffer, pH 6.7). The run buffer was
Tris-glycine, pH 8.3. The run was started at 15 mA,
corrected to 20 mA after the bromophenol blue front
passed through the stacking gel. A bovine serum
albumin solution was used as standard (0.001 g bovine
serum albumin in 5 ml 0.15 M NaCl solution).

After the run the gel was fixed in 20% glacial acetic
acid +methanol (1:1, v/v) for 30 minutes and stained with
a freshly prepared solution of Coomassie Brilliant Blue
R 250 + 10% glacial acetic acid. An aqueous mixture of
40% glacial acetic acid and 2.5% glycerol was added at
a proportion of 1:20. Minimum staining time was 8
hours. The gel was destained in a 20% methanol + 5%
acetic acid + 2.5% glycerol solution.

Germination was evaluated on the basis of the
minimum time needed by 85% of the spores to
germinate (MGT) (2) in 150 ml Erlenmeyer flasks
containing 10 ml liquid MM inoculated with 10°
synchronized spores/ml. Aliquots of the inoculated
medium were removed at one hour intervals, 500
spores were counted under the light microscope for the
presence or absence of a germ tube and the percentage
of germinated spores was calculated.

RESULTS AND DISCUSSION

The percentages of germinated spores after 7, 8, 9,
10, 11 and 12 hours of incubation with shaking are
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FIGURE 1 - Percent conidial germination in strains E9, BSA and
Pegro of M. anisopliae in minimal medium at 28°C.

presented in Fig.1. The MGT obtained for strains E9,
BSA and Pegro was approximately 12 hours of
incubation in LMM, with a mean germination rate of
84.80%, 85.53% and 86.11%, respectively, in
agreement with the data reported by Arrais de Matos
(2) for strain E9.

The data for total protein analysis in the three
strains with different germination times are listed in
Table 1. There was a significant interaction between
germination time and strains, indicating that the effect
of germination time in terms of total protein content
depends on the strain. The mean effects of the three
strains differed from one another, with strain E9
presenting the highest mean total protein content,
followed in decreasing order by strains BSA and

Pegro. The mean effects of germination time also
differed, with the 24 hour time presenting a higher total
protein value, followed in decreasing order by 13, 7
and 0 hours.

Partitioning of the main effect "Time of
germination” with the "Strain x Time of Germination"
interaction revealed a significant difference between
germination times for all strains at the 5% level of
probability, with the effect being more intense for
strain E9 (Table 2).

Comparison of the means by the Tukey test at the
5% level of probability revealed the following
features: in strain E9 the mean values of total protein
content differed significantly at all four genmination
times, with the 24 hour germination time presenting
the highest total protein content, followed in
decreasing order by 13, 7 and 0 hours. In the BSA
strain there was a significant differences between 24,
13 and 7 hours of germination, whereas no difference
was observed between 7 and 0 hours. In the Pegro
strain, mean total protein content differed between 24
and 13 hours but did not differ between 13 and 7 hours
or between 7 and 0 hours. It can be seen that E9 spores
started protein synthesis between 0 and 7 hours of
germination, the BSA strain started after 7 hours of
incubation and the Pegro strain only after 13 hours of
incubation. Fitting of the linear model yi = A + Bxi to
the data showed a correlation coefficient of 0.9449,
indicating affinity among the variables through the
adjusted model. The regression equation obtained was

Table 1. Total protein content of the spores (mg/mg dry spore weight) of three M. anisoplice strains with different germination times.

. .
Total protein content

germination time

Strains 0 7 13 24 Means
E9 406.32Bd"" 1116.04Ac 5696.27Ab 7116.47Aa 3583.77A
BSA 535.62Ac 423.61Bc 597.87Bb 758.05Ba 578.28B
Pegro 111.48Cc 256.88Cbc 321.05Cb 548.67Ca 309.52C
Mean
CV=3 53% 350.45d 598.84c 2205.96b 2807.73a

* - mean of three replications

** - means followed by the same letter did not differ at the 5% level of probability in the column (capital letters) or on the line (lower

case letter)

Table 2. Partitioning of the major effect of "Germination time” with the "Strains x Germination time" interaction in terms of total protein
in spores from three M. anisopliae strains with different germination times.

Sources of variation d.f. SS MS F
Germination time/Strain E9 99385593 3312831 11943.78*
Germination time/Pegro strain 298036. 99345.58 35.82*
Germination time/BSA strain 175867.57 58622.52 21.13*
Residue 24 66568.96 2773.71

*Significant at the 5% level of probability
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y =0.0026064 +0.0011181x, demonstrating that time
zero of germination corresponds to an amount of
protein of 0.0026064 g/g dry spore weight, and that at
each hour of germination time there was an increase
in protein amount of 0.001118 g/g dry spore weight.

Intraspecific variability was observed in total
protein content of M. anisopliae spores. Spore total
protein content increased significantly with time of
incubation, with values depending on the strain
involved. This indicates that an intense protein
synthesis process occurs in germinating spores, as also
observed in other fungi (16). Furthermore, protein
synthesis started at different times in the three strains
studied. It has been previously observed that protein
synthesis occurs before the formation of the germ tube
in M. anisopliae spores, since the germination of
spores treated with the protein synthesis inhibitor
cycloheximide is also inhibited (2). This need for
synthesis before the appearance of the germ tube has
been emphasized by others (5,9,10).

In conclusion, we may state that the method used
in the present study, i.e., total protein analysis, showed
that protein synthesis increases with incubation time
until germination, although total protein
electrophoresis showed that, qualitatively, these
proteins are the same as those preexisting in
non-germinated spores. This may also indicate that, in
qualitative terms, the spore contains all the protein
material it needs for this phase, requiring no synthesis
of new protein type(s) for germination. This may be
the factor, or may reinforce the factor related to the
type of exogenous dormancy of M. anisopliae.
Destefano (6), in a study of Oz consumption in M.
anisopliae spores during germination, noted that the
spores do not germinate if the medium does not
contain a source of carbon and nitrogen.

During germination, endogenous metabolism
occurs through organelles and storage materials
originating from conidiogenesis and also depends on
factors such as the presence of a substrate on the spore
surface, for example, lipids that might prevent water
absorption.

The protein synthesis rate differed among the three
strains used, being highest in E9 and lower in Pegro and
BSA. This difference may indicate the initiation of
synthesis needed for genmination, Thus, even though all
proteins are present, there must be control of the synthesis
of a specific type that is synthesized sequentially at
differentrates in E9, Pegro and BSA, causing a difference
in the time of appearance of the germ tube. Altematively,
other proteins may be present in lower amounts not
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detected by the methodology employed that may be
related to this differentiation and may not be the most
abundant ones. From a practical viewpoint, these
differences may indicate variability in virulence, since
the infectious process starts with spore germination on
the host’s surface.

In view of the importance of germination, further
studies are needed to elucidate the mechanism of
germination control in M. anisopliae, contributing to
the understanding of the process of host infection that
starts with spore germination.
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RESUMO

Variabilidade de linhagens de Metarhizium
anisopliae var. anisopliae (Metsch.) Sorokin quanto
ao contefido protéico e germinagio de esporos

A variagfo de proteinas totais € a germinagio de
esporos das linhagens E9, Pegro ¢ BSA de M.
anisopliae var. anisopliae foram analisadas neste
trabalho. Verificou-se que o tempo de germinagio
minimo (TGM, no presente estudo empregado para
expressar o periodo no qual 85% dos esporos estio
germinados) para as trés linhagens estudadas em MM
foi de 12 horas. O conteido de proteina total foi
analisado e mostrou que ha variagBes quantitativas
mas ndo qualitativas relacionadas com o tempo de
germinagdo e inicio da sintese destas proteinas para as
trés linhagens. A linhagem E9 iniciou a sintese de
proteinas entre os tempos de germinagio de 0 e 7 horas
e as linhagens Pegro ¢ BSA entre 7 e 13 horas.

Palavras-chave: Metarhizium anisopliae,
germinagdo de esporos, contetdo protéico de esporos.
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ABSTRACT

Antifungal activities of amphotericin B (AmB) and haloacetamide derivatives were
studied against 17 strains of Candida albicans and 6 of Candida tropicalis. Concentrations
from 0.03 pg/ml to 8.0 pg/ml for AmB and from 0.25 pg/ml to 64.0 pg/ml for ethophamide
or teclosan were prepared in enriched yeast nitrogen base agar to establish the minimum
inhibitory concentration by the checkerboard technique. The minimum fungicidal
concentration was determined by inoculum subculture on Sabouraud dextrose agar. In
concentrations up to 64.0 ng/ml, the haloacetamide derivatives did not show antifungal
activity against Candida strains. Combinations between ethophamide or teclosan with
AmB showed synergistic interactions against most of the studied strains, standing out the
fungicidal activity of the AmB-ethophamide combination against all C.albicans strains.
These results show good perspectives for experimental /» vivo studies with combined

therapy.

Key words: antifungal drugs, amphotericin B, ethophamide, teclosan, Candida.

INTRODUCTION

Amphotericin B (AmB) is the only polyenic
compound utilized in the systemic therapy of
mycoses, even though it is one of the most toxic
antimicrobial agents in clinical use (4). In an
attempt to minimize the toxicity and to take
advantages of the combined therapy, studies of
interactions have been done between AmB and
some other drugs with systemic activity, such as
azoic antifungals, antibacterians or antineoplastic
drugs against yeasts (3, 6, 9).

Combinations of AmB with antiamoebic drugs,
such as haloacetamide derivatives, applied in topic
therapy have not been yet evaluated, although the
results of these studies could be interesting in specific
clinical cases of candidoses (11, 13, 14).

The aim of this study was the determination of the
in vitro antifungal activity of the haloacetamide
derivatives ethophamide and teclosan by themselves
and in combinations with amphotericin B against
Candida albicans and C.tropicalis.

MATERIALS AND METHODS

1. Microrganisms and inoculum

C.albicans (17 strains) and C.tropicalis (6 strains)
from patients with invasive candidosis were selected
for the study. Saccharomyces cerevisae ATCC 9763
sensible to polienic agents was included as control.

The yeasts were cultivated on Sabouraud dextrose
agar (ASD) at 30°C. The inoculum of 10° cells/ml of
phosphate buffer (0.01 M, pH 7.0) was achieved after
24 h growth.

*  Corresponding author. Mailing address: Departamento de Analises Clinicas ¢ Toxicolégicas, Faculdade de Ciéncias Farmacéuticas,
Universidade de Sdo Paulo, Av. Prof. Lineu Prestes, 580, CEP 05508-900 - Sdo Paulo- SP - Brasil
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2. YNBG broth

This medium contained Bacto-YNB, (0.67 g),
L-asparagine (0,15 g) and glucose (1.0 g) in phosphate
buffer (100 ml).

3. YNBG agar

The YNBG broth was prepared 10x concentrated
and was diluted (1:10) with phosphate buffer
containing 1.1% of Bacto-agar at 50°C.

4. Drugs and dilutions

Amphotericin B (Squibb), ethophamide
(Farmitalia Carlo Erba) and teclosan (Winthrop),
kindly supplied in powder form, were dissolved with
dimethylsulphoxide. Double dilutions in series were
performed in YNBG broth. AmB concentration
ranged from 0.6 pg/ml to 160 pug/ml and the
haloacetamide derivatives concentration ranged from
5.0 pg/ml to 1280 ug/mi.

5. Susceptibility tests
The tests were performed three times in duplicate,
according to the following procedures:

5.1. Minimum inhibitory concentrations (MIC) .

This test was conducted according to the
checkerboard technique (9, 12).

For 20 ml of final medium, each dilution of the
drug alone and each dilution of AmB mixed with each
dilution of the haloacetamide derivatives were added
to YNBG agar at 50°C. The final concentration of
AmB ranged from 0.03 pg/ml to 8.0 ug/ml and the
haloacetamide derivative from 0.25 pg/ml to 64.0
ug/ml. Growing controls were performed on agar
medium added of formaldeyde (0.1 ml) and without
drug.

Each medium was plated, and the yeast
suspensions were inoculated with the Steers’s
replicator. After incubation for 24 h at 30°C the MICs
were determined.

5.2, Minimum fungicidal concentration (MFC)

The inoculum that did not result in growth on the
MIC test were subcultured on ASD, and after 48 h of
incubation at 30°C the MFCs were determined.

6. Activity evaluation of single and combined drugs
against yeasts (1, 2, 12),

The final results of MICs and MFCs of the drugs
against each Candida strain were obtained by
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geometric mean of the values found in repeated tests.
From these results, fractional inhibitory concentration
(FIC) and fractional fungicidal concentration (FFC)
were respectively determined. For each drug in the
combination, the FIC was equal to the MIC divided by
the MIC of the drug alone. The sum of the FICs of the
two combined drugs resulted in FIC index. From the
drugs MFCs, same calculation was done to obtain the
FFC index. When FIC or FFC indexes were < 1 the
drug interaction was considered synergistic; = 1,
additive; > | and < 2, indifferent, and > 2, antagonist.

MIC and MFC > 64.0 ug/ml were established in
128 pg/ml; values < 0.25 pg/ml and < 0.03 pug/ml were
kept in 0.25 pg/ml and 0.03 pg/ml, respectively.

RESULTS

In the antifungal activity study of single drugs, the
MICs of AmB ranged from 0.5 pg/ml to 4.0 pg/ml

Table 1. Interactions between amphotericin B and haloacetamide
derivatives against Candida spp

AmB + Et AmB + Te
Yeast
TFIC  FFFC 2 FIC 3 FFC
C.albicans
1 1.00 0.63 0.30 0.31
2 1.00 0.63 1.00 0.50
3 1.00 0.53 0.75 0.75
4 0.75 0.75 1.00 0.19
5 0.63 0.63 0.53 0.28
6 0.75 0.56 0.63 0.50
7 1.00 0.75 0.50 038
8 0.56 0.75 1.00 0.53
9 0.75 0.75 1.00 0.56
10 1.00 0.75 0.56 1.00
11 1.00 0.52 1.00 0.51
12 1.00 0.63 1.00 0.25
13 1.00 0.53 1.00 0.52
14 0.53 0.75 1.00 1.00
15 0.52 0.75 0.53 0.31
16 0.63 0.56 0.56 0.52
17 0.63 0.75 1.00 0.75
C. tropicalis
1 1.00 0.52 0.56 0.56
2 0.31 0.56 0.51 0.75
3 0.18 0.75 0.98 0.53
4 0.53 1.00 1.00 0.25
5 037 0.31 1.00 1.00
6 0.75 0.75 0.75 0.56

Et = ethophamide; Te= teclosan; 2 FIC or 2FFC < 1 synergistic
interacton; = 1 additive interaction.



against C.albicans strains and from 0.25 pg/ml to 4.0
ng/ml against C.tropicalis strains. For both Candida
species, the MFCs of AmB ranged from 2.0 pg/ml to
8.0 ug/ml . The haloacetamide derivatives did not show
either inhibitory or lethal activity by themselves in
concentrations up to 64.0 ug/ml.

Compared with the drug alone, AmB combined
with ethophamide showed lower MICs values,
ranging from 0.25 pg/ml to 1.0 pug/ml , against 11
strains of C.albicans, and from 0.03 pg/ml to 1.0 pg/ml
against 5 strains of C.tropicalis. The combined
ethophamide showed inhibitory activity against all the
strains in MICs from 0.25 pg/ml to 64.0 pg/ml. For the
two combined drugs the lethal activity was
potentialized against all strains, except the unchanged
MFC of AmB against one strain of C.tropicalis .

The FIC indexes of AmB-ethophamide
combination showed synergistic interactions against 9
strains of C.albicans and 4 of C.tropicalis. Based on
FFC index, the synergy occured against all the strains
of C.albicans and 5 of C.tropicalis. Both indices
showed only additive interactions against the others
C.albicans and C.tropicalis strains (Table 1),

The AmB-teclosan combination also showed
potentialization of antifungal activity of both drugs
against most of the strains. AmB showed MICs from
0.5 ng/ml to 2.0 pg/ml against 13 strains of C.albicans
and from 0.03 pg/ml to 2.0 pg/ml against 5 strains of
C.tropicalis. The MFCs ranged from 0.5 pg/ml to 4.0
pg/ml against 15 strains of C.albicans and 5 strains of
C.tropicalis. For the combined teclosan, the MICs and
MFCs ranged from 0.25 pg/ml to 64.0 pg/ml against
the strains of both species (Table 1).

As in AmB-ethophamide combination, the
AmB-teclosan combination showed a lower number
of synergistic interactions based on inhibitory activity
than on lethal activity against both Candida species.
The FIC index showed these interactions against 8
strains of C.albicans and 4 strains of C.tropicalis,
while the FFC index showed them against 15 strains
of C.albicans and § strains of C.tropicalis. According
to both indices, additive interactions occured against
the others strains (Table 1).

DISCUSSION

Ethophamide and teclosan are called luminal or
contact amebicides that seem to act inhibiting the
protein synthesis of the parasite. They are
administered orally, and may be used in association

Amphotericin B and haloacetamide interactions again Candida sp

with systemic amebicides in the eradication of
intestinal forms of amebiasis (5,7).

In this study, ethophamide and teclosan showed
antifungic activity only when combined with AmB.
Depending on the strain, synergistic or additive
interactions were observed for both combinations. The
number of synergistic interactions was much higher
than the additive, and even more when related to lethal
activity than to inhibitory activity of the drugs against
C.albicans and C.tropicalis strains. In this context,
AmB-ethophamide combination was more active,
showing synergism related to lethal activity against all
the strains of C.albicans.

The explanation for the resulted synergism of
AmB-haloacetamide combination could be based on
the mechanism of action of the drugs. The
destabilization of the yeast membrane function caused
by AmB (4) eased the haloacetamide cell penetration
and its action against the protein synthesis. However
the occurence of these events need confirmation,
because the action mechanism described for the
haloacetamides serve to explain the activity of these
drugs against amebae, but it was not yet described
against yeasts. At any rate, the results obtained,
principally for the combination between amphotericin
B and ethophamide, show good perspectives for
effective and' short-time therapy of cutaneous and
mucosal candidoses, sometimes with poor response to
the usual treatments (8, 11, 13, 14). The results of
synergistic interactions reported in the present paper
suggest that further experimental i» vivo researchs are
warranted.

RESUMO

Interacdes in vitro entre anfotericina B e
derivado haloacetamidico contra Candida sp

Estudou-se a atividade antifiingica da anfotericina
B (AnB) e de derivado haloacetamidico, contra 17
cepas de Candida albicans e 6 de Candida tropicalis.
As concentragdes inibitorias minimas foram avaliadas
a partir de cultivos em agar “yeast nitrogen base”,
utilizando-se concentra¢Ses de AnB varidveis de 0,03
pg/ml a 8.0 ug/ml e de etofamida ou de teclosan de
0,25 pg/ml a 64.0 pg/ml. As concentragdes fungicidas
minimas foram determinadas a partir de subcultivos
em agar Sabouraud dextrose. Nas concentragles
estudadas, os derivados haloacetamidicos ndo
mostraram atividade antifingica contra as cepas de
Candida. Combinagdes entre a etofamida ou o
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teclosan com AnB resultaram em interagdes sinérgicas
contra a maioria das cepas, destacando-se a atividade
fungicida da combinagio AnB-etofamida contra todas
as cepas de C.albicans. Essesresultados mostram boas
perspectivas para estudos do tratamento de candidose
experimental com as drogas combinadas.

Palavras-chave: drogas antifungicas, anfotericina B,
etofamida, teclosan, Candida.
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ABSTRACT

A study of the effect of Actinobacillus pleuropneumoniae infection on the blood
coagulation system of pigs was carried out, 25 Specific Pathogen Free (SPF) weaned
piglets were randomly assorted into different groups. Ten piglets were infected with 5X 10°
CFU of Actinobacillus pleuropneumoniae serotype 1 and the remaining fifteen were used
as negative controls. Significant concentration reductions (P<0.005) of blood coagulation
factors IX, VIII, VII, X and V were demonstrated. Activated partial thromboplastin time
increased while prothrombin time, expressed as percentage, decreased. Antithrombin I
concentration decreased significantly (P<0.005). These observations were consistent with
consumption of blood coagulation factors in the intrinsic, extrinsic and common pathways
of blood coagulation, therefore intrapulmonary haemorrhage and clot formation could be
observed in the lungs of piglets infected with Actinobacillus pleuropneumoniae.

Key words: pleuropneumonia, pigs, blood coagulation

INTRODUCTION

Porcine pleuropneumonia is caused by
Actinobacillus pleuropneumoniae, a Gram negative
coccobacillary bacterium. The susceptibility to
infection increases with stress and changes in climate.
Each of these factors are present in modern pig
farming. Porcine pleuropneumonia has been reported
in the United States, Canada, Mexico, South America,
Australia, Japan, Taiwan and most of Europe (16).

In the peracute form of the disease, pigs show high
temperature (41.5°C - 42°C), anorexia, cough,
respiratory distress, shock with blood-stained nasal
froth and oral discharge and finally death. In the acute
form, there is fever (40.5°C - 41°C), coughing and
dyspnoea. A chronic form of the disease can result
from the acute form, leading to decrease in constant
rate and persistent cough.

The pathological lesions produced by A
pleuropneumoniae are characterized by local to
generalised fibrinous pleuritis and a necrotizing
fibrino-haemorrhagic pneumonia of the apical,
cardiac, diaphragmatic and intermediary lobes (12).
An increase of the phagocytic activity of alveolar
macrophages in piglets infected with A
pleuropneumoniae was demonstrated (3). Smits ef
al.(13) suggested that cytolisins produced by
serotypes of Actinobacillus pleuropneumoniae could
be involved in the induction of pneumonic lesions. The
primary lesion caused by this bacterium is not due to
the haemolysin (15) but A. pleuropneumoniae
endotoxin has been involved in the development of
pulmonary lesions (5). Prolongation of prothrombin
time (PT) and activated partial thromboplastin time
(aPTT) during the acute course of APP with various
doses of Actinobacillus pleuropneumonia given to
piglets were demonstrated in preliminary studies,
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showing disorders in the blood coagulation
mechanisms (6).

The aim of this study was to investigate in vivo the
effect of Actinobacillus pleuropneumoniae on blood
coagulation factors and proteins in the peracute and
acute course of porcine pleuropneumonia. Clinical
and bacteriological studies of the lungs of piglets
infected were also done.

MATERIALS AND METHODS

Animals and housing

Twenty five Specific Pathogen Free (SPF) piglets
of the Large White breed, both sexes, weighing 20-25
kg, were used. Fifteen piglets were left uninfected as
negative controls and ten piglets were infected with
Actinobacillus pleuropneumoniae. The piglets were
placed in the isolation station on flatdecks and let to
adapt to the new environment for one week before the
experiment started.

Bacterium and Infection Model

Actinobacillus pleuropneumoniae, Serotype 1,
was obtained from Veterinary Infectious Disease
Organization (VIDO), University of Saskatchewan,
Saskatoon - Canada STH OWO. The strain was
cultivated in Brain Heart Infusion + polyvitamin
(Polyvitex from bioMérieux, France) + factor V (Taxo
V from Becton-Dickinson, Cockeysville, USA) and
incubated for 24h at 37°C.

Groups of 5 piglets were placed in the aerosol
chamber and infected with a nebulisor (Ultra Neb 99
De Villbis GMBH - West Germany) according to the
methods of Osbome et al. (14). The inoculum was
prepared as a bacterial suspension corresponding to
5x10° CFU in 200 m! of PBS (0.1 M phosphate, 0.15
M NaCl, pH 7.2) with 10% fetal calf serum. Each
group of animals was exposed for 10 min and then
removed from the aerosol chamber.

Parameters analysed

Temperature was taken once a day and clinical
signs of pleuropneumonia, i.e. anorexia, cough,
dyspnoea, hyperthermia and epistaxis, were registered
for the sick piglets. Necropsy was performed on all
dead piglets.

Blood samples were taken before infection (day 0)
and once a day until the end of the trial (day 4).

Samples were taken as follows:

Vacutainer with 0.5 ml sodium citrate (0.129M)
for the coagulation tests. The blood was centrifuged
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for 15 min at 3000 rpm and 5°C. Vacutainer with 0.048
ml (0.34M) K3 EDTA, for the white blood cells and
platelets counts. All Vacutainer tubes were from
Becton-Dickinson, Basle, Switzerland. White Blood
Cells (WBC) and platelets counts were made for all
animals, using a Sysmex E-5000 Digitana TOA
counter, Lausanne, Switzerland.

Fibrinogen (FIB) was measured by the modified
Clauss methods. Plasma was diluted 1:5 with
Michaelis buffer "Roche". 0.2 ml of this dilution was
pre-warmed at 37°C for 2 min in Cobas Fibro cuvettes.
0.2 ml of thrombin reagent (Roche-Cobas Fibro
60NIH U/ml) was added and the coagulation
end-point measured following the instructions (Cobas
fibro machine, Hoffmann la Roche, Basle,
Switzerland).

For the thrombin time (TT), a standardized
quantity of bovine thrombin (thrombin reagent
"Roche") was diluted 1:7.5 in distilled water. 0.2 ml
of piglet blood plasma was incubated in pre-warmed
Cobas fibro cuvettes at 37°C for 2min. Then 0.2 ml of
the thrombin reagent was added to the blood plasma
and the coagulation end-point determined following
the instructions for Cobas fibro.

Activated Partial Thromboplastin Time (PTT): 0.1
ml of piglet plasma was incubated with 0.1 ml of PTT
reagent "Roche" at room temperature for 3 min in
Cobas fibro cuvettes, then 0.1 ml of calcium chloride
(0.025 mol/l) pre-warmed at 37°C was added. The
coagulation time was recorded following the
mstructions for Cobas fibro.

The Prothrombin Time (PT) was measured with
Calibrated Rabbit Brain (CRB) thromboplastin
reagent "Roche" dissolved in 10 ml of distilled water.
0.1 ml of piglet plasma was put in Cobas fibro cuvettes
at 37°C for 2 min, then 0.2 ml of CRB thromboplastin
reagent was added and the clotting time recorded
following the instructions for Cobas fibro.

The blood coagulation factors VIII, VII, X, IX and
V were assayed with a standard test kit Bio Mérieux,
France. The tests were carried out according to the
instructions of the manufacters. Calibration curves
corresponding to the clotting time found were made
and the results expressed in percentage.

Antithrombin III(ATIII) was measured by a
colorimetric method (ATIII chromoline kit,
bioMérieux, France) and a spectrophotometer. 0.1 ml
of piglet plasma was diluted 1:20 in physiological
saline and incubated with 0.5 ml of human thrombin
reagent in the presence of heparin for 1 min at 37°C,
then 0.1 ml of a synthetic chromogenic substrate
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Figure 1. Decrease (as percentage) in the Prothrombin Time in the
infected animals.

*A significant difference (P<0.005) was observed between
uninfected (A) and infected (O) groups.
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Figure 2. Increase in the activated partial thromboplastin time in the
infected animals,

* A dignificant difference (P<0.005) between the uninfected (A) and
infected (O) groups was demonstrated.

(2 AcOH,H-D-CHA-NVal Arg-pNA) was added and
incubated for 1 min at 37°C. The residual thrombin
was evaluated for the rate of substrate hydrolysis. The
concentration of ATIII is inversely proportional to the
quantity of substrate hydrolysed. Calibration curves
were made and the results expressed in percentage.
Means and standard errors of means (SEM) were
calculated using Symphony program (Lotus
Development Corporation, Cambridge, MA 024142 -
USA). Student "t" test was also applied to results
obtained with infected and uninfected groups.

RESULTS
All piglets in the infected group showed clinical

signs of pleuropneumonia, i. e., anorexia, cough,
dyspnoea, hyperthermia (40.5°C +0.70) and epistaxis.

Actinobacillus pleuropneumoniae and blood coagulation factors
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Figure 3. Decrease in the thrombin time in the infected animals.
*A significant difference (P<0.005) between the uninfected (A) and
infected (O) groups was demonstrated.
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Figure 4. Increase in the levels of fibrinogen during the challenge.
*The uninfected (A) and infected (O) groups showed significant
difference (P<0.005).

Leucocytosis (from 24.50 X 10° ul) was also observed.
There was no significant change in platelets counts in
the two groups.

The uninfected group had no mortality. The
infected group presented 80% mortality during the
trial, i.e., 8 out of 10 animals died.

In the infected group, the piglets were cyanotic
with a Blood-stained froth at the nose and mouth. The
trachea and larynx contained blood-stained froth. The
lungs were swollen, firm with haemorrhagic lesions
forming occasional nodules of clotted blood in the
apical, cardiac, diaphragmatic and intermediary lobes.
Fibrinous pleuritis was observed on the pleura.
Actinobacillus pleuropneumoniae was isolated in
bacterial culture of lung lesions from all dead piglets.

A progressively shortening in the prothrombin
time (expressed as percentage) was observed in the
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Figure 5. Decrease in the antithrombin III levels during the
challenge.

*A significant difference (P<0.005) was demonstrated between the
uninfected (A) and infected (O) groups.
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Figure 6. Decrease in the concentrations of the blood coagulation
factor VIII in the infected group.

*A significant difference (P<0.005) was observed between the
uninfected (A) and infected (O) groups.

infected group during the trial period. The uninfected
group did not change.(Fig. 1)

There was a progressive increase in the activated
partial thromboplastin time (Fig. 2) a day after the
infection has started.

The thrombin time (Fig. 3) and the levels of
antithrombin III (Fig. 4) in the infected group
decreased one day after infection up to the end of the
trial.

The concentration of fibrinogen (Fig. 5) increased
on the first day after infection until the end of the trial.

A decrease in the concentration of blood
coagulation factors VIII (Fig. 6), IX (Fig. 7), VII (Fig.
8), X (Fig. 9) and V (Fig. 10) was observed on the
second day after infection had started and persisted
until the end of the trial period.
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Figure 7. Decrease in the concentrations of the blood coagulation
factor IX in the infected group.

*A significant dilference (P<0.005) was observed between the
uninfected (A) and infected (O) groups.
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Figure 8. Decrease in the concentrations of the blood coagulation
factor X in the infected group.

*A significant difference (P<0.005) was observed between the
uninfected (A) and infected (O) groups.

DISCUSSION

Actinobacillus pleuropneumoniae, serotype 1,
produced clinical signs and mortality. Pleuritis and
haemorrhagic pneumonia were observed at autopsy.

Bertram (1) demonstrated that the early effects of
Actinobacillus pleuropnewmoniae infection involve
macrophage and platelet activation and a marked
increase in interalveolar septal capillary permeability.
Simon and Ward (17) related the importance of
inflammatory mediators as endotoxin, the
complement system, arachidonic acid metabolites and
blood coagulation system to the genesis of pulmonary
injury. Nakajima et al. (11) suggested that severity of
the hemorrhagic and thrombotic lesions might relate
to the amount of endogenous Tumor Necrosis Factor
activity.
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Figure 9. Decrease in the concentrations of the blood coagulation
factor VII in the infected group.

*A significant difference (P<0.005) was observed between the
uninfected (A) and infected (O) groups.

Movat and Burrowes (10) described the effects of
endotoxin on the local inflammatory reaction,
including stimulation of polymorphonuclears,
macrophages and activation of blood coagulation
factor XII. The latter intiates the activation of blood
coagulation factors in the intrinsic and extrinsic
pathways of blood coagulation. During the trial the
decrease in the concentration of factors IX and VIII
following the increase in the activated partial
thromboplastin time reflected consumption of factors
and cofactors in the intrinsic pathway of blood
coagulation. Activated factor IX in the presence of
activated factor VIII, phospholipides and Ca*™ forms
a complex which activates factor X in the common
pathway of blood coagulation. An increase in the
production of tissue factor by inflammatory cells,
specially alveolar macrophages and endothelial cells
stimulated by endotoxin and immune complexes,
contributes to the generation of procoagulant activity
leading to further consumption of factor VII of the
extrinsic pathway of blood coagulation (2,18). In this
study, a decrease in the concentration of factor VIl and
a decrease in the prothrombin time reflected
alterations in the extrinsic pathway of blood
coagulation. Tissue factor forms an active complex
with factor VIIa and Ca*" which activates factor X in
the common pathway of blood coagulation. A
consumption of factor X was demonstrated during the
trial in the infected animals.

Activated factor X in the presence of activated
factor V, phospholipides and Ca"" results in the
conversion of prothrombin to thrombin. Thrombin
catalyses the conversion of fibrinogen into fibrin,
activates blood coagulation factors VIII, V and XIII,

Actinobacillus pleuropneumoniae and blood coagulation factors
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Figure 10, Decrease in the concentrations of the blood coagulation
factor V in the infected group.

*A significant difference (P<0.005) was observed between the
uninfected (A) and infected (O) groups.

and may form active complexes with thrombomodulin
on the surface of endothelial cells. The
thrombin-thrombomodulin complexes activate factors
V and VIII. Activation of the extrinsic and intrinsic
pathways of the clotting cascade as decreases in
factors VII, IX and VIII were observed in this study.
Endotoxin and cytokines as interleukin-1 and tumor
necrosis factor act on endothelial cells to supress
thrombomodulin activity (8,9). Consequently a
decrease in thrombin-thrombomodulin complexes
leads to increase in the concentration of thrombin.
Decrease in the thrombin time reflects the
hyperfibrinogenemia observed in the fibrinogen
assay. Green (7) described that hepatic fibrinogen
production may be increased in chronic disseminated
intravascular coagulation.

Antithrombin III exerts its controlling effect on
coagulation through rapid, heparin-facilitated
inhibition of thrombin and activated factor X, although
it may also inhibit factors IXa, Xla and XlIla. A
decrease in antithrombin III concentration observed in
this study may contribute to intravascular coagulation.
Egbring et al. (4) reported that antithrombin III
replacement therapy is necessary to stop disseminated
intravascular coagulation.

In conclusion, inflammatory mediators produced
by Actinobacillus pleuropneumoniae caused
activation of blood coagulation factors in the extrinsic,
intrinsic and common pathways of blood coagulation.
These activations may contribute to generate thrombin
which degrades fibrinogen into fibrin. Acute and
chronic disseminated intravascular coagulation may
be also induced leading to systemic
hypercoagulability. The nodules of clotted blood
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observed in the pulmonary lobes of the piglets infected
with Actinobacillus pleuropneumoniae may have been
produced through activation and consumption of
factors in the blood coagulation system.

RESUMO

Consumo de fatores da coagulacio do sangue
associado a infec¢fo causada por Actinobacillus
pleuropneumoniae

O efeito da infecgdio causada por Actinobacillus
pleuropneumoniae no sistema da coagulagdo do
sangue de leitdes foi estudado. 25 leitdes desmamados
isentos de organismos patogénicos especificos
(IOPES) foram distribuidos de forma aleatéria em 2
grupos. 10 leitdes foram infectados com 5X10° UFC
de Actinobacillus pleuropneumoniae sorotipo 1, e 15
leitdes usados como controles negativos. Redugdes
significativas nas concentragdes (P<0.005) dos fatores
de coagulagdo do sangue IX, VIII, VII, X e V foram
demonstradas. O tempo parcial ativado da
tromboplastina aumentou enquanto que o tempo da
protrombina (em porcentagem) diminuiu. A
concentragdo de antitrombina III diminui de forma
significativa (P<0.005). As alteragbes observadas no
tempo de trombina e na quantidade de fibrinogénio
estdo relacionadas com a formagdo de fibrina no
processo de coagulagdo. Essas observagdes foram
consistentes com o consumo de fatores de coagulagdo
do sangue nas vias intrinsica, extrinsica e comum da
coagulagdo sangiiinea. Em conseqiiéncia disso, a
hemorragia pulmonar e a formagio de coagulos
podem ser observados em pulmdes de leitdes
infectados com Actinobacillus pleuropneumoniae.

Palavras-chave: pleuropneumonia,
coagulagdo sanguinea
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