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Strategies for study
of fungi in marine and
marine influenced ecosystems

Tom Booth*

Summary

Current knowledge of marine fungi in Brazilian and South American waters is provided.
Proposed areas of research, some of which are explored in this study are also extracted
from literature. Detailed methods and materials are given so as to provide a clear starting
point for future research on marine fungi in Brasil. The use of extensive washing of marine
substrates is utilized for the first time in studies of the environments. Among the fungal
groups described are: lignicolous fungi totalling 50; foliicolous fungi, 21; rhizosphere fungi,
10; algicolous fungi, 17; chytrids and thraustochytrids, 18; and nematode trapping fungi, 2.
Various ecological considerations of substrates, habitats and individual fungal species are
undertaken.

Resumo

Estratégia para o estudo de fungos em ecossistemas marinhos e sob influéncia marinha

Situac8o do conhecimento sobre fungos marinhos no Brasil e América do Sul, com propo-
sicdio de éreas para pesquisa, indicagéio de métodos e materiais que possam ser utilizados
como ponto de partida para a pesquisa do grupo, no Brasil. Descrigdo de: 50 fungos ligni-
colas, 21 foliares, 10 da rizosfera, 17 algicolas, 18 quitrididceos e traustoquitrididceos e 2
captores de nematdides. As consideragBes ecoldgicas envolvem substratos, habitats e es-
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pécies fungicas.

Introduction

Since the publication of ““Fungi in Oceans
and Estuaries” (35) there has been considerable
activity in marine mycology. Hughes (31) re-
views work done since appearance of the abo-
ve pioneering treatise and he suggests that
areas remaining fragmentary are: (a) environ-
mental and substrate ecology, and (b) biogeo-
graphy of fungi in tideless brackish tropical and
southern hemisphere waters. Jones {41) ampli-
fies these areas by proposing research in; (a)
higher fungi in marine sediments; (b} preda-
cious fungi in marine ecosystems; (¢} enumera-
tion of fungi in marine habitats; (d) fungal di-
seases of marine fishes and shell fishes; (e) pro-
duction of fungal protein on hydrocarbons and
waste products; (f) search for secondary meta-

bolites, and {g} aspects of spore liberation, set-
tlement and germination. Another research to-
pic is implied in one currently popular definition
of marine fungi: those ... “capable of produ-
cing successive generations by sexual and ase-
xual means in natural oceanic waters and
oceans diluted by freshwater or on intertidal
substrates” (39). This definition, derived from
several pre-existing statements (45, 51, 54), im-
plies that these fungi exist as ‘active mycelia’
(27) in the marine environment. Perhaps appli-
cation of techniques which not only demons-
trate sporulating structures but also active
hyphae in substrates of the marine environment
will clarify our understanding of marine fungi
and their role in the ecosystem.

Several topics mentioned above represent in
part aims of this study: (a) studies of substrate

* Visiting Research Professor, Instituto de Boténica, S8o Paulo,. Brasil and Associate Professor of Biology, University of

Manitoba, Winnipeg, Canada R3T 2N2.
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ecology including those fungi active in leaves,
wood and higher plant roots; (b) studies of pre-
dacious fungi, and (c) biogeography of fungi in
subtropical southern hemisphere marine in-
fluenced waters and soils. Before continuing
development of methods, results and discus-
sions of this study, a resumé of knowledge of
marine fungi in Brasil and South America fol-
lows.

With a marine mycota of 20 fungi from 8 sta-
tions, Brasil has a fraction of the world total of

Tom Booth

about 300 species (34). General taxa of the 20
species are: 8 phycomycetes, 2 fungi imperfec-
ti, 9 ascomycetes and 1 basidiomycete. Also 6
of the 8 collecting sites represent single finds at
the generic level.

Although there are a total of 43 South Ameri-
can locations which have been successfully
surveyed for marine fungi (Table 1), there are
only 21 in which more than one fungus is repor-
ted (Figure 1). Of 20 publications referring to
marine fungi in South America (18, 25, 26, 30-

Table 1 — References to marine fungi from South American locations (* = collection site)

. *Fell, J.W. and |.M. Master. 1975. Columbia.
. *Fell, JW. and |.M. Master. 1975. Trinidad.

CONDOIHAWN —

. *Hariot, P. 1887. Tierra del Fuego.

10. *Hariot, P. 1889. Cape Horn, 56°00'S, 67°15'W.
11. Hughes, G.C. 1974. Argentina.

12. Hughes, G.C. 1974. Brasil.

13. Hughes, G.C. 1974. Chile.

14. Hughes, G.C. 1974. Venezuela.

. *Gessner, R.V. and J. Kohimeyer. 1976. Argentina, Buenos Aires.

. *Gessner, R.V. and J. Kohimeyer. 1976. Argentina, Mouth Rio Salado.

. *Gessner, R.V. and J. Kohimeyer. 1976. Argentina, Cabo San Antonio.

. *Gessner, R.V. and J. Kohimeyer. 1976. Argentina, near Puerto Ing. White. -
. *Gessner, R.V. and J. Kohlmeyer. 1976. Argentina, Puerto Ing. White

. *Gessner, R.V. and J. Kohimeyer. 1976. Argentina, near Bahia Blanca

15. *Hughes, G.C. and P.S. Chamut. 1971. Chile, 43°02'S, 73°20'W.
16. *Hughes, G.C. and P.S. Chamut. 1971. Chile, 45°25'S, 73°44'W.
17. *Hughes, G.C. and P.S. Chamut. 1971. Chile, 54°50.5'S, 68°30.5'W.
18. *Hughes, G.C. and P.S. Chamut. 1971, Chile, 54°59'S, 68°22'W.
19. *Hughes, G.C. and P.S. Chamut. 1971. Chile, 65°36.5'S, 68°04.5'W.

20. Kohimeyer, J. 1968. Brasil

21. *Kohlmeyer, J. 1968. Venezuela, ~10°00'N, 64°00'W.

22. Kohimeyer, J. 1969a. Brasil.

23. Kohlmeyer, J. 1968b. Brasil.

24. *Kohlmeyer, J. 1976. Argentina, ~36°25'S, 56°35'W.
25, *Kohlmeyer, J. 1976. Brasil. ~22°30'S, 43°10'W.

26. *Kohimeyer, J. 1976. Columbia, ~11°15'N, 75°04'W.
27. *Kohimeyer, J. 1976. Columbia, ~11°00'N, 74°10'W.
28. *Kohlmeyer, J. 1976. Peru, ~13°10'S, 76°30'W.

29, *Kohlmeyer, J. 1976. Peru, ~14°20'S, 76°22'W.

30. *Kohlmeyer, J. 1976. Peru, ~12°05'S, 77°10'W.

31. *Kohimeyer, J. 1976. Peru, ~12°15’S, 76°30'W.

32. *Kohimeyer, J. 1976. Peru, ~13°40'S, 76°20'W.

33. *Kohlmeyer, J. and E. Kohimeyer. 1964-1969. Brasil

34. *Kohlmeyer, J. and E. Kohimeyer. 1964-1969. Venezuela.

35. *Kohlmeyer, J. and E. Kohlmeyer. 1971. Brasil, 23°57'S, 46°23'W.

36. *Kohimeyer, J. and E. Kohimeyer. 1975. Falkland Is.
37. *Kohlmeyer, J. and E. Kohimeyer. 1975. Cape Horn.

38. *Kohlmeyer, J. and E. Kohimeyer. 1975. Magellan Strait.

39. *Kohlmeyer, J. and E. Kohimeyer. 1975. Argentina, Puerto Deseado.
40. *Kohlmeyer, J. and E. Kohimeyer. 1975. Argentina, Tierra del Fuego.
41. *Kohlmeyer, J. and E. Kohlmeyer. 1975. Chile, Rio Verde.

42. Kohlmeyer, J. and E. Kohlmeyer. 1977. Brasil.
43. *Kohlmeyer, J. and E. Kohlmeyer. 1977. Argentina
44. *Kohlmeyer, J. and E. Kohlmeyer. 1977. Peru.

45. *Malacalza, L. and A. Martinez. 1971. Argentina, 38°03'S, 57"33W

46. *Spegazzini, C. 1882. Argentina.

47. Ulken, A. 1966a. Brasil. ’

48, *Uiken, A. 1966b. Brasil, ~02°05'S, 42°05'W.
49, *Ulken, A. 1966b. Brasil, ~04°05'S, 37°15'W.
50. *Ulken, A. 1966b. Brasil, ~06°10'S, 35°00'W.
51. *Ulken, A. 1966b. Brasil, ~06°30'S, 34°58'W.
52. *Ulken, A. 1970. Brasil, ~25°02'S, 47°567'W.
63. Ulken, A. 1972, Brasil.
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32, 47-49, 50, 53, 54, 56-58, 75, 80-83), 15 ac-
tually report collection sites (Table 1). In these
20 papers 62 taxa of marine fungi are reported
(Table 2), including: 10 phycomycetes, 11 deu-
teromycetes, 39 ascomycetes and 1 basidiomy-
cete. Seventeen are reported from tropical wa-
ters, 13 from subtropical sites, 38 from tempe-
rate locations and 1 from Antarctic sites.

Thus the number of Brazilian marine fungi re-
ported is considerably less than that of the
South American total and the actual collecting
sites represent one quarter of the continent’s
entire number. Additions of fungi to the Brazi-
lian marine mycota are important not only be-
cause of scarcity of data from South America
but also Brasil, in contrast to all other countries
in the world has the longest continuous coastli-
ne washed by tropical waters {30). And from
Brazilian tropical waters only 5 generic level ta-
xa are reported (Table 2).

Figure 1 — Locations by references (see Table 1} to marine
fungi from South American waters. Underlined numbers
refer to publications in which only one species is reported

1,26,27

23
2

3,6,5,26,39,43 45 46

[AERe e )

6,7,8

17-19 o =
VN
Material and Methods

Technique descriptions following are purpo-
sely detailed so as to accomplish two major
aims: a) to serve as a partial guide for Brazilian
mycologists who may want to begin intensive
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work in the marine environment and b) to
briefly present, in their entirety and with requi-
red revisions, already developed technigques
which have yet to be fully applied to substrates
in marine ecosystems. It is the study of substra-
tes which is a major thrust of my communica-
tion. This section is divided with subdivision as
required, into four major parts: collections, iso-
lations, study and preservation and identifica-
tion.

a. Collections — A total of 12 collecting sites
were sampled during this study (Table 3}. Drift-
wood, sensu Hughes (29}, was gathered from
various - microhabitats including: a) among
rocks in the high intertidal; b) as above but in
the low intertidal; c) a polluted site; d) fresh
water outflows; e) in sands above the normal
high tide mark; f) on intertidal sands of bea-
ches; g} in sands of beach plains; h) in rudi-
mentary dune sands; i) in waters of a high
beach lagoon; j) in waters of a low beach la-
goon; k) in the Philoxerus portulacoides St. Hil.
zone; 1) on berm depression surfaces; m) Rhi-
zophora mangle L. prop roots; n) associated
with the tubes of Diopatra sp. (polychaete);
and o) in anoxic sands of a tide flat. Collections
were directly observed for fungal infestations
and subsequently transported to laboratories of
Instituto de Botanica in S3o Paulo.

Leaves of Rhizophora mangle were collected
from: Rhizophora strands; beach intertidal sur-
faces; exposed parts of Digpatra sp. tubes; and
lagoon waters.

Collections of Spartina ciliata Kunth., at 2-
5cm depths, came from: dune depression swa-
le soils; beach plain sands; rudimentary dune
crest sands; lagoon sands; and river bank
sands. Philoxerus portulacoides roots were also
gathered from rudimentary dune sands.

Thalli of Porphyra spp., Padina sp. and Sar-
gassum sp. complex, along with leaf and root
collections, were carried to laboratories of Insti-
tuto de Biologia Marinha (USP), Sdo Sebas-
tido, or Centro de Pesquisas Aplicadas de Re-
cursos Naturais da llha do Cardoso, Base de
Cananéia and/or Instituto de Boténica depen-
ding on their location of collection and the type
of study required.

Sand and soil collections were from: dune si-
tes; beach plain sites; intertidal sands; lagoon
sands; stream bar sands; toques, leeward to
windward faces; and forest edge sands. These
were placed in small plastic bags and in every
case transported to S&o Paulo.
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Table 2 — Marine fungi reported from biogeographical zones (occ. Hughes, 1974, 1975) of South America

Phycomycetes Tropical Subtropical Temperate  Antarctic
Phiycotochytrium mangrovii Ulken 53
Phytophthora spinosa var. spinosa Fell et Master 1%,2%
P. vesicula Anastasiou et Churchland 1*,2*
Schizochytrium aggregatum Goldstein 52%
Schizochytrium sp 47(51}*
Thraustochytrium multirudimentale Goldstein 52*
7. pachydermum Scholz 52*
T. proliferum Sparrow 52*
Thraustochytrium sp. 1 47(49)*
Thraustochytrium sp. 2 48*
Fungi Imperfecti
Cephalosporium sp. 1 47(50)*
Cephalosporium sp. 2 15*,16*
Dictyosporium pelagicum {Linder) G.C. Hughes 16*
Morodictys pelogica {Johrison) Jories 13,15*,16*
Periconia prolifica Anastasiou 22(35)*,33*
Phoma spp. 26*,27* 15*%,16*,19*
Pseudorobillarda 3*
Stagonospora 5%
Zalerion maritimum (Linder) Anastasiou 13,18*,19*
Zalerion varium Anastasiou 18%,19%
Mycelia Sterilia
Sclerotium clavus D.C. 46*
Ascomycetes
Amylocarpus encephaloides Currey 19*
Anthostomella sp. 5%
Buergenerula spartinae Kohlmeyer et Gessner 4*.6*
Ceriosporopsis calyptrata Kohlmeyer 45*
C. halim Linder 11,32%,45*
Chadefaudia corallinarum (Crouan et Crouan) Muller et von
Arx 26
Claviceps purpurea (Fr.) Tul. 6*
Corollospora cristata {Kohlmeyer) Kohlmeyer 18*
C. maritima Werdermann 25*,26% .27 24~ ,28*,30%,
31*,32*
C. trifurcata (Hohnk} Kohimeyer 24*,29*
Didymosphaeria rhizophorae Kohlmeyer et Kohimeyer 26*,34*
Ellisiodothis inquinans (Ell. et Everh.) Theissen 5*
Gibberella sp. 5*
Guignardia prasiolae Reed 9%
Halosarpheia fibrosa Kohimeyer et Kohimeyer 42{35)*
Halosphaeria appendiculata Linder 11,113,177,
18*,45*
H. cucullata {Kohlmeyer} Kohimeyer 12,22(35)*,23  13{18)*
H. hamata {H6hnk) Kohimeyer 5%,12,33%,35*
H. maritima {Linder} Kohlmeyer 17*,18* 45*
H. quadricornuta Cribb et Cribb 14,21*,26%,
34* '
H. quadriremis {Hohnk) Kohimeyer 11,45
H. salina {Meyers} Kohlmeyer
H. torquata Kohlmeyer 26*
Halotthia posidoniae (Dur. et Mont.} Kohlmeyer 10*
Keissleriella blepharospora Kohimeyer et Kohimeyer 26*
Leptosphaeria albopunctata {Westend.) Sacc. 5*
L. austrafiensis {Cribb et Cribb) G.C. Hughes 14,21*,26*, 13019
34,35
L. obiones (Crouan et Crouan) Sacc. 5%
L. typhicola Karsten 5*
Lignincola laevis Hohnk 35*
Lulworthia grandispora Meyers 35*
L. medusa (Ellis et Everhart) Cribb et Cribb 19*,45*
Lulworthia spp. 21*,26* 20,33*,35" 6*,7%,28*
Mycosphaerella pneumatophorae Kohlmeyer 26
M. salicorniae {Aners.) Petrak - 43*,44*
Mycosphaerella sp. 1 6*,7*.8*
Phaeosphaeria typharum (Desmaz.) Holm 5%,6”
Pontoporeia biturbinata (Dur. et Mont.} Kohlmeyer 10*
*Rhabdospora avicenniae Kohlmeyer et Kohlmeyer 26"
Spathulospora antarctica Kohlmeyer 38*,41* 36*,37*,
38*,40*
Basidiomycetes
Nia vibrissa Moore et Meyers 23,33%,35*

' Numbers refer to references of Table 1

* Denotes a collection or collections of the particular fungus
{ ) Signifies a collection site of a fungus without the species being reported in the paper referring to the collection site
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Table 3 — Collecting sites, latitude and longitude of the sites, types of collections and numbers of single samples at each

site
Types of Collections

Name of Collecting Site Lat and Long Wood Leaves Roots Algae Soll
Praia Maruja 25°12.4'S; 47°58.1'W 49 - - 2 11
Praia de Fora {= P. itacurGga) 25°04.1'S; 47°63.7’W 121 11 6 — 31
Praia Pereirinha 25°03.9'S; 47°64.7'W 23 15 - - —
Praia da Ponte 25°01.8'S; 47°62.7'W 12 — — — —
Centro de Pesquisas-Base Cananéia 25°01.4'S; 47°65'W 16 1 — — —
Praia Curral 23°51.9'S; 45°25'W 45 —_— - — 4
Praia Grande 23°51.6’S; 45°20.9'W 8 — — 1 —
Praia do Cabelo Gordo 23°49.5'S; 45°24.2’'W 31 - - - 9
Praia de SAo Sebastido (= P. de Aracé) 23°48.8'S; 45°23.8'W 26 32 - 4 23
Praia do Pinto {= P. Sino) 23°44.5'S; 45°20.6'W 10 - — — -
Praia Massaquassu (= P. Lagoinha) 23°40'S; 45°19.2'W 17 — - — 5
U.S.P. Base Oceanogréafico Norte 23°25.8'S; 45°03.2'W 14 — - 1 2

b. Isolations — Incubation — Wood pieces cut
into 10-15cm lengths, were placed in bottles
8cm (diameter) x 15cm {length) on pieces of
sea water (sterilized) soaked papel towel. Num-
ber of wood pieces in each incubator depended
on sizes of individual pieces but no more than
1/4 of the space was occuped by wood.

Single leaves of Rhizophora mangle were in-
cubated in petri plates on sterile filter paper
soaked with sterile sea water. These along with
wood pieces were routinely observed for fungal
infestation after 6 weeks incubation. Both
wood and leaf incubators were maintained at
room temperature.

Baiting — Soil samples, divided into three sub-
samples and placed in teaspoon amounts of pe-
tri plates, were flooded with sterile sea water at
100/eand Bo/bo salinity. The third subsample,
at /00, was flooded with a 1:1 mixture of sterili-
zed distilled water and spring water. Water sa-
linites resulted from a mixture of sea water
(34.50/60 Praia da Ponte) and distilled water.
Following flooding each plate was baited with
Pinus sylvestris L. polien and cellulose film. Mi-
croscopic observations commenced 3 days af-
ter flooding and terminated 14 days later.

Digestion — Wood and leaves were deposited
in plastic pipe digesters installed on wooden
posts in the low intertidal at Centro de Pesqui-
sas Base Cananéia. These digesters, 10cm (dia-
meter) X 26cm (length), were partitioned into
intervals of 4cm by drilling a ring of holes at
each level and making a net of coarse monofila-
ment line. The leaf digester, with freshly picked
Rhizophora leaves, consisted of 6 levels each of
which was a sandwich of monofilament line be-

low, next fine mesh household plastic- screen,
two leaves next, above fine mesh screen and fi-
nally a monofilament lime mesh. In the wood
digester each level consisted of two pieces of
each type: a) imbuia, Ocotea porosa (Nees &
Mart.) Barroso; b) bambu (eng. bamboo);
c) angico-vermelho, Piptadenia macrocarpa
Benth.; d) pinheiro-do-Parand, Araucaria an-
gustifolia (Bert.) O. Ktze. and peroba-rosa, As-
pidosperma polyneuron M. Arqg. All types ex-
cept bamboo were 2 x 2 »¥ 4cm. Bamboo cut
into 4cm lengths, was slivered into pieces no
less than 1cm wide. There digesters were expo-
sed to the air a maximum of 3 hrs/day during
the experiment.

Other digesters, constructed of plastic alco-
hol bottles punched with holes and containing
the same types of wood 15cm x 1bem >
15cm), were buried in sands of a mangrove
strand at Praia Pereirinha. After six weeks ex-
posure wood from these digesters, as well as
wood and leaves from Cananéia, was recove-
red and examined for fungi.

Small quantities of algal thalli, placed in steri-
le sea water, were aerated with an aspirating
pump. Thalli were removed from the vials after
two weeks digestion at room temperature and
cut into small pieces for further treatment.

Direct plating — Pieces of incubated wood, lea-
ves, pollen grains and digested algal thalli were
plated on one of the culture media: a) Tubaki’s
sea water medium (77), for marine ascomyce-
tes from wood and leaves; b) Booth 1, designa-
ted B, {7), for phycomycetes and fungi imper-
fecti from agal thalli; 'c) modified Harder and
Uebelmesser, designated MHU (8), for
phycomycetes from algal thalli and soil samples
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and d) Potato Dextrose Agar, designated PDA,
for ascomycetes and fungi imperfecti from
wood, leaves and algal thalli. Nematode isola-
tion involved placing pieces of wood and leaves
on full and 1/4 strength PDA and 2% Corn
Meai Agar, designated CMA (60). All isolation
media were provided with antibiotics: strep-
tomycin sulphate (0.3gms/£) for all media; pe-
nicillin G (0.3gms/ £, 107 units) for B1 and MHU
and rose bengal (0.05gms/{) for Tubaki and
PDA. Maintained at room temperature all pla-
tes were examined daily. As fungi developed
they were removed to plates without. antibio-
tics.

Washing and plating — Leaf and wood collec-
tions were subjected to washing techniques
(27) as modified subsequently (19). Root collec-
tions of Spartina ciliata and Philoxerus portu-
Jlacoides were treated as described in the origi-
nal paper (27). Essentially the method consists
of washing spores from substrate surface by re-
peated applications of sterile distilled water.
Washed material is then placed on a culture
medium.

In this study, within 2 hrs of collection, roots
of each samples were cut into 2-3mm lengths
until 30 pieces resulted. These were placed in
lots of 10 in vials with 20ml sterile one half
strength sea water and subsequently violently
hand agitated for one minute. Following agita-
tion water was decanted, 20ml more added and
the shaking process repeated. Each lot of 10
root pieces was subjected to 20 washes. On
two occasions first wash water was diluted to
1077 and each of the 7 dilutions were plated in
1ml lots in molten agar. Washed roots were re-
moved from wash vials and placed on sterile
dry filter paper in a petri dish for 24 hrs. The air
dried pieces were then plated on culture me-
dium.

Leaf and wood collections were treated in
exactly the same manner except that pieces for
washing were produced by blending leaves for
two minutes in 200ml sterile 1/2 strength sea
water. Resulting fragments were passed
through a 2mm mesh and collection on a Tmm
mesh.

As with root samples, washed and dried leaf
and wood fragments, were placed b
pieces/plate, on cellulose medium (15), PDA,
and modified (addition of Bgms yeast extract)
czapek-dox and incubated at room temperatu-
re. Cellulose medium required modification of
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use blended filter paper in 10gm lots/{. All me-
dia were provided with 0.3gms streptomycin
sulphate and 0.05 rose bengal/{. Developing
mycelium was removed from the isoclation pla-
tes and placed on PDA for further study. Fun-
gal identification, as much as possible was ac-
complished both on isolation, plates and PDA.

c. Study and preservation — Cultures — lso-
lated fungi were maintained on PDA in culture
tubes and petri plates. These cultures were de-
posited in culture collections of Instituto de Bo-
ténica and Botany Department, University of
Manitoba, Winnipeg, Manitoba, Canada.

Permanent mounts — Lignicolous fungi, pre-
served in lactophenol with cotton blue or acid
fuchsin were prepared as squash mounts bet-
ween two coverslips. This technique (55) is
considerably more tedious than simply ringing a
coverslip with nail polish but the results are far
better in terms of preservation. Briefly, material
placed on a large coverslip, 24 x 32mm, in lac-
tophenol is surmounted by a small coverslip, 18
x 18mm. The small coverslip, after cleaning
around its edges, is ringed with nail polish and a
drop of Canada balsam is placed on it. Large
and small coverslips, stuck together by nail po-
lish, are then inverted with large coverslip abo-
ve small coverslip configuration placed on a
clean glass slide and the balsam flows between
thereby providing a second seal for the fungal
material. Resultant are 82 slides which are on
deposition in the herbarium of the Instituto de
Botéanica.

Photographs — An indispensible aid to partial
preservation of records of encountered fungi
has been preparation of microphotographs. In
many cases phase contrast microscopy served
best to illustrate fungal structures. Accompan-
ying the cultures and slides are 150 photo-
graphs of various observed fungi. ’

d. /dentification — Although keys to species of
various genera are ultimately required to study
fungi in marine environments there are some
general treatments {35, 52, 54} which allow
identification of many marine fungi to the spe-
cific epithet. Of those fungi not found in the
above treatments most difficult are fungi imper-
fecti. There are several starting points for this
group, all of which are excellent to the generic
level {1, 3, 4, 16, 17, 33).
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Table 4 — Percent frequency of lignicolous marine fungi of Estado S&o Paulo

Types of
collection
sites
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Arthrinium sp. 1.4 1xx2
Cephalosporium lecanii Zimm 1.4 T*
Ceriosporopsis cambrensis Wilson 29 5.0 2%
C. halima* Linder 609 333 20 225 10 6%
Imperfect of C. halima 43 222 AR
Cirrenalia macrocephala {Kholm.) Meyers et Moore 87 67 57 10 4+
C. pygmea Kohlm. 29 25 2%
C. tropicalis Kohim. 29 10 5.9 3
Cladosporium sp. 1.4 x>
Clavariopsis bulbosa Anastasiou 2.5 44 29 11.8 44
Corollospora lacera {Linder} Kohim. 2.2 1
C. maritima Wedermann 31t 57 10 10 353 10 10 20 8**
C. pulchella Kohlm., Schmidt et Nair 10 Ll
C. trifurcata {Héhnk) Kohlm. 29 50 10 412 4x*
C. tubulata Kohim. 22 1**
Dendryphiella arenaria Nicot 2.8 4.3 2%
Dictyosporium pelagicum {Linder) G.C. Hughes 5.7 1*
Didymosphaeria enalia Kohlm. 2.2 10 10 3*
D. rhizophorae Kohim. et Kohim. 10 1
Epicoccum nigrum Link 1.4 1%
Haligena viscidula Kohim. et Kohim. 10 1
Halosarpheia fibrosa Kohim. et Kohlm. 43 22 29 25 10 5
Halosphaeria appendiculata Linder 2.9 30 2%
H. hamata™* (Hohnk) Kohim. 565 294 257 5.0 60 5
H. maritima* (Linder} Kohim. 87 111 17.1 16 4
H. mediosetigera Cribb et Cribb 57 128 2
H. guadricornuta Cribb et Cribb 50 87 178 114 375 5*
H. salina {Meyers) Kohlm. 4.3 8.6 4.3 3*
H. stellata {Kohim.) Kohim. 25 1**
H. trullifera (Kohlm.} Kohim. 25 1=
Humicola alopallonella Meyers et Moore 89 86 10 10 4**
Lentescospora submarina Linder 22 28 2%
Leptosphaeria australiensis {Cribb et Cribb) G.C. Hughes 11.8 1
L. avicenniae Kohlm. et Kohlm. 10 1
L. obiones Sacc. et Ellis 10 =
L. halima Johnson 6.7 1%
L. oraemaris Linder 6.7 1
Lignincola laevis HGhnk 10 128 17.4 20 50 10 10 10 40 9
Lulworthia fucicola Suth. 4.4 2.5 10 3
Nia vibrissa** Moore et Meyers 26.1 1
Papulospora halima Anastasiou 44 29 25 10 4>
Periconia prolifica Anastasiou 125 17.4 67 29 4
Pestalotia spp. 4.4 1%*
Phaeosphaeria ammophilae {Lasch} Kohim. et Kohim. 2.2 Lt
Pyrenochaeta sp. 1.4 1**
Torpedospora radiata Meyers 8.6 10 2%
Trichocladium achrasporum (Meyers et Moore) Shearer
et Crane 12.5 22 28 10 1%
Trichoderma harzianum Rifai 42.5 1
Crinigera maritima Schmidt 7.5 10 10 3
Zalerion varium* Anastasiou 28 ™
N? of fungi in various sites 1 5 7 12 2 24 2 10 7 4 3 5 2 2
* = Reported for the first time in Brasil and South America
* = Reported for the first time in Brasil only
Resuits Most widely occurring fungi are Corollospora
maritima and Lignicola laevis with Ceriospo-
1. Lignicolous fungi — Drift collections — ropsis halima,; Halosarpheia fibrosa; Halosphae-

Numbers of habitats in which each fungus oc-
curs, collections for each micro-environment
and different fungi found in each habitat are gi-
ven in the last vertical column (Table 4), first
horizontal line and last horizontal line respecti-
vely. Of the 50 fungi included 45 are actually
from driftwood as 5 were isolated by another
method (to be discussed below).

ria hamata and H. quadricornuta also appearing
in many of the sampled habitats. Ceriosporop-
sis halima and H. hamata are very frequent
when present and others with high frequency
include: C. maritima; C. trifurcata; H. quadri-
cornuta; L. laevis; Nia vibrissa,; Periconia prolifi-
ca and Trichoderma harzianum. Considering
frequency in specific habitats, C. halima and H.
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hamata are most frequent in fresh water out-
flow regions while Trichocladium achrasporum,
Halosphaeria appendiculata, H. mediosetigera,
H. stellata, H. trullifera, Humicola alopallonella,
Lentescospora submarina, Torpedospora radia-
ta and Zalerion varium seem confined to high
salinity intertidal sites. Corollospora maritima,
C. trifurcata and T. harzianum are common on
wood buried in beach sand.

Habitats with greatest species diversity are:
a) high intertidal rocks; b) beach intertidal;
c) low intertidal rocks; d) freshwater outflow
and e) high lagoon. All of these sites are high
salinity sites at one time or another depending
on differing temporal references. Interpretation
of this diversity is subject to question as those
with highest number of different species also
have the higher number of collections.

Washed wood — Washed wood fragments,
produced by blending wood burried in anoxic
sands followed by washing, yielded: Arthrinium
sp., Cephalosporium leconii, Cladosporium sp.,
Dendryphiella arenaria, Epicoccum nigrum and
Pyrenochaeta sp. all of which were at low fre-
quencies.

Digesters — Malosphaeria quadricornuta deve-
loped on peroba-rosa, imbuia and bambu after
six weeks exposure. Clavariopsis bulbosa, Lig-
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nincola laevis and Periconia prolifica appeared
only on peroba-rosa. Trichocladium achraspo-
rum (on Bambu) was the only fungus observed
in the buried digesters. All wood was Teredo
spp. infested and bamboo exhibited several nu-
dibranch species.

2. Foliicolous fungi — Considering culture
media (Table 5) greatest fungal species diver-
sity was observed on Czapek {13 species) follo-
wed by celiulose {7 species) and PDA (6 spe-
cies). Curvularia sp. (? indica) 212, ? Dactylella
sp. 211 and Pestalotia spp. 217. 224 were isola-
ted exclusively on Czapek. Cy/indrocladium sp.
201, Epicoccum nigrum, Pestalotia sp.-218, Tri-
choderma longibrachiatum and Volutella sp.
223 occurred only on PDA and Fusarium sp.
228, Periconia sp. 220 and Phomopsis obscu-
rans appeared only on cellulose,

On Tubaki’s medium and PDA Cirrenalia tro-
picalis, Curvularia sp. (? indica) 212, Cylindro-
cladium sp. 201, ? Dactylella sp. 211, Epicoc-
cum nigrum, Phoma spp. and Stagonospora
spp. occurred only from leaves collected in in-
tertidal sites while Fusarium sp. 228, Periconia
sp. 220, Pestalotia spp. 217, 218, 224, Phomop-
sis obscurans, Scytalidium terminale, Tricho-
derma longibrachiatum and Volutella sp. 223
were gathered from low lagoon leaves.

Table 5 — Fungus frequency on Rhizophora mangle leaves collected from Praia de Fora and Praia de Aracé and macera-
ted, washed and placed on various culture media: 1, PDA; 2, Czapek and 3, Cellulose

Praia de Fora

Fungus Name Beach Low Lagoon Praia de
Intertidal Araga
Over
1 2 1 2 3 1 2 Total
Alternaria sp. 215 26.7 13.3 1.1 9.1
Arthrobotrys dactyloides Drechsler 100 13.3 7.9
Cephalosporium acremonium Cda. 46.7 24.4 15.6 15.2
Cirrenalia tropicalis Kohlm. 2.2 2.2 1.2
Cladosporium sp. 205 10 13.3 2.2 20.2 13.3
Curvularia sp. {? indica) 212 2.2 0.6
Cylindrocladium sp. 201 10 0.6
?Dactylella sp. 211 2.2 0.6
Dendryphiella arenaria Nicot 10 33.3 6.7 26.7 20.0 28.9 20.0
Epicoccum nigrum Link 11.1 2.4
Fusarium sp. 228 6.7 0.6
Periconia sp. 220 20.0 : 1.8
Pestalotia sp. 217 6.7 0.6
Pestalotia sp. 218 6.7 0.6
Pestalotia sp. 224 6.7 0.6
Phoma spp. 2.2 0.6
Phomopsis obscurans (Ellis et Ev.)

Sutton 6.7 0.6
Scytalidium terminale Rao et de Hoog 13.3 20.0 3.0
Stagonospora spp. 311 17.8 13.3
Trichoderma longibrachiatum Rifai 6.7 0.6
Volutella sp. 223 6.7 0.6
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Dendryphiella arenaria demonstrated broa-
dest occurrence over habitats and isolation me-
dia. This species was also most frequent (20%)
(Table 5) over all sites followed by Cephalospo-
rium acremonium (15.2%), Stagonospora spp.
{13.3%), Cladosporium sp. 205 (13.3%), Alter-
naria sp. 215 {9.1%) and Arthrobotrys dactyloi-
des {7.9%).

3. Rhizosphere fungi — Dilution plates —
Both Epicoccum nigrum and Fusarium solani
were isolated from dilution series of Spartina c/-
liata and Philoxerus portulacoides. Other spe-
cies on S. ciliata were: Alternaria sp. 250, Ce-
phalosporium acremonium and Drechslera sp.
242. Alternaria spp. 246, 248, Dendryphiella
arenaria, Fusarium nivale, Gliocladium roseum,
Pestolotia sp. 244 and Trichoderma aureoviri-
dae.

Active fungi — Washed and plated roots of S.
ciliata demonstrated activity of Aflternaria spp.
269, 273, 274, Cephalosporium acremonium,
Coniothyrium obiones, Dendryphiella arenaria,
Gliocladium roseumn, Periconia sp. 270, Pesta-
lotia sp. 244 and Trichoderma viridae. G. ro-
seum was isolated from all sites except the river
bank (Table 6}. In lagoon and swale collections
it was the only fungus encountered. its’ highest
frequency was in swale and beach plain collec-
tions. Aside from G. roseum, Pestalotia sp. 244
and T. viridae were isolated from beach plain
roots. Dune crest root collections yielded C.
acremonium in addition to G. roseum. Greatest
species diversity was evidenced in the river
bank collections with recovery of Alternaria
spp. 269, 273, 274, C. obiones, D. arenaria and
Periconia sp. 270. When recovered D. arenaria
was the most frequent species from any habi-
tat.

4. Algicolous fungi — During a survey of dif-
ferent algae for Thraustochytrium spp. several
interesting deuteromycetes were isolated from
rotted pieces of thalli placed on various culture
media (Table 7). When considering types of al-
gal substrates surveyed on a broad scale there
are those fungi which occurred only on brown
algae, i.e. Padina sp. and Sargassum sp. (inc.
Eladia sp. 185, Phialophora sp. (? alba), Stachy-
botrys echinatum and those which were isola-
ted only from red algae, i.e. Porphyra spp. {inc.
Alternaria) sp. 213, Cephalosporium acremo-
nium, Geotrichum candidum, Scopulariopsis
sp. 194, Trichoderma harzianum and 7. aureo-
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viridae. Other fungi, notably Asteromella sp.
191, Cladosporium sp. 197 and Epicoccum ni-
grum, represented a group occurring on both
types of algae. Scopulariopsis sp. 194 (on P.
sp. crispus & P. sp. spiralis var. amplifolia),
Dendryphiella arenaria (on P. spiralis sp. ampli-
folia) Epicoccum nigrum (on P. sp. crispus),
Cladosporium sp. 197 (on P. sp. acanthophora
var. acanthophora & P. sp. crispus) Pestalotia
sp. 192 (on P. sp. spiralis var. amplifolia) and
Cephalosporium acremonium var. funiculo-
sum, Gilmaniella humicola and Tritirachium sp.
{on P. acanthophora var. brasiliensis) were fun-
gi with high frequencies of isolation. Although
Padina sp. yielded greatest species diversity no-
ne of the frequencies we'e high.

5. Chytrids and thraustochytrids — Dune de-
pressions (Table 8) with litter covered sands
showed highest species diversity (8 species).
Notable species in this habitat were:
Chytriomyces annulatus, C. poculatus, Nowa-
kowsbiella ramosa, Phlyctochytrium furcatum
and P. spectabile. C. poculatus also occurred
on dune crests and in forest sands. Other sites
with high species diversity included: toque lee-
ward soils (6 species), toque windward soils (4
species) and rudimentary dune sands (6 spe-
cies). Entophlyctis sp., Phlyctochytrium man-
grovii, P. punctatum, Rhizophydium sphaero-
theca and Thraustochytrium spp. represented a
toque soils group. P. puncatatum occurred
only in toque soils and P. mangrovii was also
found in Spartina ciliata swale and river bottom
sands. Among other species, Chytriomyces
hyalinus, Rhizophlyctis rosea, R. sphaerotheca,
and Thraustochytrium spp. occurred in rudi-
mentary dune sands. R. rosea was also found
in berm depression sands without litter and du-
ne crest sands.

Both Rhizophydium sphaerotheca and Rhi-
zophlyctis rosea showed a marked ecological
amplitude as they occurred in tide washed sites
and spray influenced sites. On the other hand,
notable species showing a narrow amplitude in-
clude: Chytriomyces hyalinus, C. poculatus,
Nowakowskiella ramosa, Phlyctochytrium fur-
catum, P. reinboldtae, P. spectabile and P.
mangrovii.

6. Nematode fungi — Nematodes, isolated
from driftwood on 1/4 PDA and 2% CMA with
0.3gms streptomycin sulphate and 0.05gms ro-
se bengal per liter, were inoculated along with
various fungi (i.e. Arthrobotrys dactyloides,
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Table 6 — Percent frequency of fungi from washed and plated roots of Spartina ciliata collected in different habitats.
(% frequency = number of finds over no., 30, of plated root fragments)

Isolated Fungi
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Table 7 — Percent frequency of fungi recovered from plated pieces of various algal thalli
Algal Substrates
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§ 83 §_ ¢ & & & & S
& < Qg Q Q Q Q Q &
Alternaria sp. 213 66.6 13.2
Asteromella sp. 191 5.0 6.0 6.6 6.7
Cephalosporium acremonium Corda 7.0
C. acremonium var. funiculosum
Sukapure & Thirum. 2.5 9.1
Cladosporium sp. 197 5.0 18.8 6.5 13.2 7.0 7.2 2.8
Dendryphiella arenaria Nicot 20.4 6.7
Eladia sp. 185 25 6.7
Epicoccum nigrum Link 5.0 1.3 1.3 19.8 1.4
Geotrichum candidum Link 1.2
Gilmaniella hurmnicola Borrow 2.5 9.1
Pestalotia sp. 192 2.5 12.0
Phialophora sp. (? alba) 5.0
Scopulariopsis sp. 194 7.5 90 7.0
Stachybotrys echinatum Corda 5.0
Trichoderma aureoviridae Rifai 7.5 2.8
Trichoderma harzianum Rifai 1.4
Tritirachium sp. 1.3 9.1 2.8
Number of pieces plated 40 80 75 10 15 70 85 15 40
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Table 8 — Occurrence of chytrids and thraustochytrids in beach and coastal habitats

Low intertidal
High intertidal
First berm

Berm depression
Second berm
Low lagoon

High lagoon

offianum — Avicennia

covered}
Second dune crest
sp. forest

sand)
Dune depression (litter

Toque windward
Toque crest

Toque leeward

Beach plain
Rudimentary dunes
Primary dune crest
Dune depression {open
Third dune crest

Fourth dune crest

Back plain

Spartina ciliata swale
River bottom

A recastrum romoriz —

Chytriomyces annulatus Dogma
C. hyalinus Karling
C. poculatus Willoughby et Townley
Dendrospora sp.
Entophlyctis sp.
Karlingia spinosa Karling
Nowakowskiella ramosa E.J. Butler
Phlyctochytrium furcatum Sparrow
P. mangrovii Utken
P. punctatum Koch
P. reinboldtae Persiel
P. spectabile Uebelmesser
Ramularia sp.
Rhizophlyctis rosea {de Bary and Woronin)
Fischer +
Rhizophydium coronum Hanson
R. sphaerotheca Zopf +
Schizochytrium aggregaturmn Goldstein and
Belsky + 4
Septochytrium variabile Berdan
Sparrowia subcruciformis Dogma
Thraustochytrium spp. oo+ o+ +

N? of fungi/habitat 2 2 2 2 0 1

Curvularia sp. 212 (? indica), Cylindrocladium
sp. 201, ? Dactylella sp. 211 and Dendryphiella
arenaria) on plates of PDA made with 1/2
strength sea water and without antibiotics. The
fungi and nematodes were also inoculated into
liquid PDA.

Of all the fungi Cylindrocladium sp. 201 see-
med to be the best food source as there were a
greater number of nematodes around the gro-
wing fringe of this fungus than around the frin-
ges of the others. Also in the liquid medium
there were a greater number of nematodes with
Cylindrocladium than with the others. Curvula-
ria seemed the next best food source. Dendry-
phiella arenaria was the worst food source as
only a few nematodes developed in cultures of
this fungus.

Interpretation of these fungi as food sources
is subject to serious question because nemato-
des were also provided the same nutrients as
the fungi.

When grown on PDA Arthrobotrys dactyloi-
des produced an extracellular red substance
which accumulated on hyphae and difused into
the culture medium. On PDA made with distil-
led water the substance was yellow and on the
same medium “‘solvented” with sea water it
was red. Irregardless of the medium solvent,
pieces of the medium with fungi, medium pie-

ces scraped free of fungal hyphae only, were
yellow in 5% HCI and red in 2% KOH. Treat-
ment with lactophenol produced rhomboid
crystal fascicles on the hyphae. The substance
is soluble in water, acetone and alcohol and in-
soluble in benzene.

Inhibition of Cladosporium sp. 205, Curvula-
ria sp. 212, Cylindrocladium sp. 201, Dendry-
phiella arenaria and Trichoderma longibrachia-
tum resulted when grown with Arthrobotrys
dactyloides on sea water PDA. No clear inhibi-
tion was shown by A. dactyloides or Scytali-
dium’terminale when grown together under si-
milar conditions.

In liquid cultures with nematodes Arthro-
botrys dactyloides formed rings from hyphae.
Trapped nematodes were frequently observed
with hyphae ramifying throughout. Nematode
population levels were greatly reduced in cultu-
res with this fungus.

Discussion

1. Lignicolous fungi — Fungi frequently found
over a wide range of habitats are similarly re-
ported from other parts of the world. For exam-
ple, Ceriosporopsis halima is widely distributed
{28, 71, 78) and frequent (11, 38, 42, 72, 74).
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Although Corollospora maritima is encountered
infrequently in English waters (38), it is frequent
(63, 73) and widely distributed (71, 78) in other
locations. Corollospora trifurcata develops prin-
cipally in sandy microhabitats but is very fre-
qguent when it occurs (29, 53, 73). Halosphaeria
hamata and H. quadricornuta are widely distri-
buted and frequent where they are found (47,
78). Lignicola laevis (53, 71, 73, 78), Nia vibris-
sa (53) and Periconia prolifica (53, 73} are also
widely found. Trichoderma is encountered in a
wide range of habitats (28) and is very common
in.sea muds (78).

Schaumann (71) demonstrates, as in my
study, that Halosphaeria appendiculata, H. me-
diosetigera, H. stellata, H. trullifera and Zale-
rion varium are intertidal, not supratidal, spe-
cies. Trichocladium achrasporum, Humicola
alopallonella and Lentescospora submarina are
also intertidal species (11, 28, 73, 77). Corollos-
pora maritima and C. trifurcata are considered
arenicolous fungi (40, 46, 78) and perhaps the
high frequencies from wood buried in sand indi-
cates the same trend in this study.

A pattern of species diversity decrease in the
supratidal (71) is evident in my results. Wood
buried in anoxic sands seems to have lower
species diversity than wood buried in well aera-
ted sands. Major difficulty in this interpretation
of the data rests in different methods applied to
the two types of samples. Wood buried in high
beach sands was incubated and observed di-
rectly while anoxic sands wood was macerated
and washed and plated. Cephalosporium sp.,
Cladosporium sp., Dendryphiella salina and
Pyrenochaeta sp. are reported (28, 38), by use
of slightly different methods in an active state
in wood. In addition to almost the same species
| isolated Arthrinium sp. and Epicoccum nigrum
from wood in an anoxic ambient. Cladosporium
sp., Dendryphiella arenaria and E. nigrum were
previously isolated from marine and brackish
soils (76). Also, Arthrinium spp. is common in
marine muds (78). It seems that some fungi re-
ported as present in marine soils are also per-
haps present in hyphal states in wood of anoxic
intertidal sites.

Some fungi appear to be early colonizers of
wood placed in marine environments while
others are late colonists (11, 36, 38, 42). Al-
though this point is disputed (10, 34), | believe
some species appear early on the substrate irre-
gardless of submergence time. This is suppor-
ted by simple analysis of existing data (11, 36-
38, 42). Wood submerged in June, October

Tom Booth

and March was first colonized by: Ceriosporop-
sis halima. Corollospora maritima, Halosphaeria
appendiculata, Monodictys pelagica and Zale-
rion maritimum. Certainly, population differen-
ces exist at different times of the year but spe-
cies composition is certainly a function of eury-
tolerance among other factors. One pre-requisi-
te for an early colonizer is eurytolerance and
many marine fungi demonstrate this ability (78)
with respect to temperature and salinity. Fungi
which appeared early in my study are not simi-
lar to English first colonizers. Particularly stri-
king.is that C. halima and C. maritima are fre-
quent in Brazilian waters but neither are early
colonizers. Thus to state a specific succession
is an over-simplification because colonization
sequence is dependent on genetic plasticity of
individual species, physical location and time.
Of B0 lignicolous fungi reported there, 43 are
new records for Brasil and 34 are new to South
America. Some of those already reported from
South America are shown in Figure 2. Accor-
ding to a proposed scheme of biogeographical
zones (30, 32) Leptosphaeria australiensis is in
tropical and subtropical waters, Halosphaeria

Figure 2 — Distribution of various marine ascomycetes in
South American waters

® Ceriosporopsis  halimag

) Coroliospora trifurcato

[:] Halosphoeria appendiculata

$ H.cucullala

@ H.hamata

& H.duadricornuto

fo) H.quadriremis

B Leptosphaeria australiensis

@ Lulworthia medusa

@29, ®32

®33,35, 635

® 5,024, 98 O@45

Bi7.18, 18 & 19
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cucullata (with its imperfect stage Periconia
prolifica) and H. hamata are in subtropical wa-
ters and Ceriosporopsis halina, H. appendicula-
ta, H. quadriremis and Lulworthia medusa, are
in temperate waters. Of the fungi listed only
Halosphaeria hamata fails to completely fit pro-
posed (30, 32} biogeographical designations.

Occurrence of Ceriosporopsis cambrensis, C.
halima, Halosphaeria appendiculata, H. hamata
and H. mediosetigera in subtropical waters of
S3do Paulo indicates occurrence of temperate
elements in the state’s marine mycota. Also,
appearance of Didymosphaeria enalia and Ha-
losphaeria quadricornuta in Sdo Paulo littoral
waters represents presence of tropical ele-
ments. That both temperate and tropical fungal
species appear in S8c Paulo marine waters is
not surprising when noted that benthic marine
algae (13, 63) and copepods (Bjornberg pers.
comm.) demonstrate both northern and sou-
thern elements.

2. Foliicolous fungi — Al studies of fungi on
leaves in marine ecosystems until 1973 (40) utili-
zed direct observation on collection and/or incu-
bation followed by direct observation. Of major
studies not reported or published after the re-
view (12, 21-24, 59, 61) only one {61) utilized a
washing technique. These results, after three
washings and/or surface sterilization are very si-
milar to mine and perhaps represent the first re-
port of fungi in a hyphal state in a substrate of
the marine environment. To this extensive list
of fungi, as well as from other studies, | can
add: Cylindrocladium sp. 201, Dactylella sp.
211, Stagonospora sp. and Volutella sp. 223 at
the generic level and Arthrobotrys dactyloides,
Cephalosporium acremonium, Cirrenalia tropi-
calis, Dendryphiella arenaria, Epicoccum ni-
grum, Phomopsis obscurans, Scytalidium ter-
minale and Trichoderma longibrachiatum at the
specific level.

3. Rhyzosphere fungi — Fungi encountered
on roots of Spartina ciliata and Philoxerus por-
tulacoides are characteristic for the rhizosphere
in general (64). This is especially true where
beach and dune rhizospheres are considered
(65-70). A larger group of sporulating fungi on
P. portulacoides than on S. ciliata my be rela-
ted to cbservations (65) that Spartina has a re-
duced rhizosphere mycota in contrast to other
higher plants.

Several already established general trends
are indicated in my results: 1) there are fewer
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rhizosphere fungi in foredunes than higher on
the beach {70). 2) there is an upshore increase
in cellulose decomposers with maximum at
high water line (68); 3) Dendryphiela shows an
upshore increase in frequency (66, 67);
4) Dendryphiella drops out of the rhizosphere
mycota when Gliocladium roseum is present
{69) and 5) Trichoderma shows a down-shore
increase in frequency (66, 67).

4. Algicolous fungi — Dendryphiella salina
and Afternaria sp. (? maritima) are commonly
reported as saprophytes on marine algae (40).
Cladosporium spp., Epicoccum spp. and Ce-
phalosporium spp. are common aerial contami-
nants in Sdo Paulo City (20) and so my results
must be interpreted with great caution as possi-
bility of aerial contamination was not comple-
tely ruled out. Two results are interesting:
a) Gilmaniella humicola is a rather rare fungus
previously reported only from soil and b) diffe-
rent fungi are recovered from algal thalli of the
same genus. Perhaps algal species within a ge-
nus represent different substrate types for fun-

gi.

5. Chytrids and thraustochytrids — Autecolo-
gical considerations of several species that |
found are possible in light of already existing lite-
rature. Wide ecological amplitude of Rhizophyc-
tis rosea and Rhizophydium sphaerotheca is well
known (6). Occurrence of R. rosea fits the mo-
del of a fungus in dry, high or low pH sites (6,
87). (Moisture and pH in my study are inferred
from the habitat type and as such are relative).
Presence of R. sphaerotheca in moise low pH
sites is expected (6, 9). Chytriomyces annulatus
{14) and C. poculatus (24} were originally des-
cribed from low pH sites and their Brazilian dis-
tribution is similar. Both are frequently encoun-
tered in leaf litter on sand (Booth, unpublished
data) in Manitoba, Canada. Phyctochytrium
furcatum (74) is a species of low pH and high
organic matter sites with a drying and wetting
cycle. Occurrence of Nowakowskiella ramosa
implies that at least a fraction of the environ-
ment is waterlogged and organic matter is high
(9, 85, 88). Phyctochytrium spectabile, origi-
nally described from alkaline soils {79), is asso-
ciated with organic matter in my study. Per-
haps it is associated somehow with sand frac-
tions of collections and is part of an ecological -
group, including P. africanum Gaertner, P.
reinboldtae and P. palustre Gaertner among
others, which is associated with organic matter
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affected by high calcium and magnesium le-
vels. Chytriomyces hyalinus, contrary to a pre-
vious designation, is a species of neutral pH
and low or high pH sites (3) Phlyctochytrium
mangrovii (83) is a fungus found in acid, low or-
ganic matter level, water logged freshwater in-
fluenced sites. Thraustochytrium species show
similar distribution patterns as previously repor-
ted (6).

6. Nematode fungi — Perhaps washing tech-
niques provide a partial solution to the question
(41) as to why only a few predacious fungi have
been reported from marine habitats. Washing
certainly reduces competition from heavily spo-
rulating forms and allows slower growing forms
to develop. Thus far there are approximately 22
species of predacious fungi recorded from ma-
rine ecosystems (29, 41, 62).

Arthrobotrys superba Corda, reported from
the marine environment (29), produces a
salmon-pink color in culture, Therefore, the
pigmented substance that | observed seems to
exist in other nematodes trappers. Its solubility
and action with acids and bases indicates a
highly polar compound capable of funtioning as
an indicator such as bromophenol red. Whe-
ther or not it is inhibitory to fungal growth re-
mains to be established but it is clear that my
Arthrobotrys isolate which is slow growing, is
inhibitory to other fungi which are common to
the same substrate. Perhaps some nematopha-
gous fungi have evolved inhibitor substances
which act directly on competitors.

Scytalidium species produce substances an-
tagonistic to other very active fungi (2, 44). In
culture with Arthrobotrys dactyloides this inhi-
bition was not evident and possibly the latter
species has envolved yet another system for li-
miting its competitors. As a ring former A.
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Epizootia provocada por
um bacilo difterdide em
serpentes mantidas em biotério

Reynaldo Schwindt Furlanetto®
Helio Emerson Belluomini**
Hideyo lizuka**

& Raymundo Rolim Rosa**

Resumo

No presente informe, é descrito o isolamento de bacilo difteréide de uma moléstia infecto-
contagiosa, até entfio ndo descrita, de carater epizodtico, que acometia cerca de 70% das
serpentes dos géneros Bothrops e Crotalus produtores de venenos destinados ao preparo
de soros antiofidicos. A preveng8o da moléstia somente foi conseguida através da imuno-
profilaxia, com o emprego de vacina tipo Wright, inativada pelo formol. A sua eficiéncia foi
avaliada pela reducdo da incidéncia da infecg8o que, de 70%, caiu para 0,40%.

Summary

Etiology and prophylaxis of a new epizooty in snakes maintained in captivity

Isolation of an etiological agent of a new infecto-contagious disease, of epizootic charac-
ter, affecting approximately 70% of the snakes of the genera Bothrops and Crotalus, main-
tained in captivity to obtain the venoms for anti-ophidic serum production. Prophylaxis
against the disease was achieved through a vaccine, prepared in liquid medium, inactivated
by formol, whose effectivity could be evaluated by the reduction from 70% to 0.4% in the
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indice of infection.

Introducéo

O estabelecimento de um padrdo para a mi-
crobiota bucal de serpentes tem sido objeto de
pesquisa por diversos autores, por ser indispen-
savel para o estudo dos processos infecciosos
que acometem esses animais (1, 5, 8, 10). Den-
tre estes, "Mouth rot” (6, 13, 14), causado
por Pseudonomas fluorescens e Pseudomonas
fluorescens liguefaciens, foi descrito por
Burstscher (4).. Outras ocorréncias desta natu-
reza foram também relatadas por Reinhard, em
colecdes de répteis mantidos cativos em zool6-
gico (9). Page, em 1961, estudando casos de
“Mouth rot”, isolou Bacillus fluorescens lique-
faciens Flugge, 1886, e experimentalmente, re-
produziu o quadro ulcerativo (7). Associadas a
esta infeccdo, foram também encontradas bac-

térias dos géneros Pseudomonas, Escherichia,
Proteus e Haemophilus (7).

Em 1962, Soerensen & cols. descreveram
uma afeccdo manifestada em serpentes de bio-
tério, no Instituto Butantan, denominada “gota
urica visceral”. Os sinais clinicos foram elimina-
dos pela manutenc¢do dos animais em tempera-
tura ambiental entre 28 a 32°C (12).

Recentemente, um surto de uma nova mo-
léstia infecto-contagiosa, de carater epizodtico,
até entdo ndo descrita, acometeu cerca de 70%
das serpentes dos géneros Bothrops Linnaeus,
1758 e Crotalus Wagler, 1824, mantidas no
mesmo biotério. Esta doenca, se traduzia pela
formacdo de u’a massa caseosa, de coloracdo
branco-amarelada, de odor fétido, e que invadia

* Departamento de Microbiologia e Imunologia, Instituto de Ciéncias Biomédicas da USP, Servico de Imunoterapia do

instituto Butantan (in memoriam).

** Instituto Butantan, Caixa Postal 65, 01000 S&o Paulo, SP.
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pre lesando as glandulas veneriferas, resultan-
do na morte de 26% dos ofideos comprometi-
dos. '

No presente informe, sdo descritos o isola-
mento do agente etioloégico da estomatite ca-
seosa, e o tratamento profilatico entdo adota-
do.

Material e Métodos

Coleta das amostras e preparacdo do material
para exame — Qs animais pertencentes aos gé-
neros Crotalus e Bothrops portadores da esto-
matite caseosa procediam do Biotério de Ser-
pentes do Instituto Butantan, onde eram manti-
dos em cativeiro em gaiolas individuais. O ma-
terial era colhido com auxilio de espétula esteri-
lizada, diretamente da cavidade bucal e recolhi-
do em tubos de ensaio, 16 X 160mm, também
esterilizados. Em seguida, eram homogeneiza-
dos e emulsionados em solugédo fisioldgica es-
téril a 0,85% de NaCl, para o exame bacterios-
cdpico e a cultura.

Cuftura do material e isolamento do agente
etiologico — A semeadura era imediatamente
feita em meios de cultura basicos, meio de
Zaissler modificado {agar sangue desfibrinido
de carneiro, a 10%) e meio de Loeffler (2). As
placas eram incubadas em estufa, a temperatu-
ra de 37°C, durante o periodo de 48 horas, sen-
do observadas a cada 24 horas. Das colbnias
desenvolvidas e isoladas eram feitos esfrega-
gos, corados pelos métodos de Gram e de
Ziehl-Nielsen. O isolamento foi feito a partir da
cultura procedente das amostras desenvolvidas
em agar sangue e no meio de Loeffler. Os ger-
mens isolados foram mantidos em meio de Lig-
nieres, com camada de éleo mineral previamen-
te esterilizado.

Reprodug¢do experimental da moléstia e reisola-
mento do agente etiologico — Suspensdes do
microrganismo isolado, bem como os filtrados
estéreis de suas culturas eram inoculados, via
submucosa bucal em serpentes do género Cro-
talus com o objetivo de se verificar a reprodu-
tibilidade do quadro clinico, tipico da estomati-
te caseosa, inclusive a morte do animal. O mes-
mo material era inoculado em cobaios e camun-
dongos normais, para se determinar a patoge-
nicidade do microrganismo.

Teste de sensibilidade aos antibidticos e qui-

R.S. Furlanetto, H.E. Belluomini, H. lizuka & R.R. Rosa

mioterdpicos — Estas provas foram feitas de
acordo com o método de Kirby-Bauer, seguin-
do as observagGes constantes nos trabathos de
Rocha & col. (11) e realizada frente aos seguin-
tes agentes: Penicilina, Estreptomicina, Tetra-
ciclina, Eritromicina, Furacin, Bacitracina, Clo-
ranfenicol, Kanamicina, Novobiocina, Neomici-
na, Oleoandomicina e Sulfatiazol.

Preparo da vacina — A vacina utilizada — tipo
Wright — era constituida por uma suspensio
de germes cultivados em caldo simples e inati-
vados através de uma solucdo de formol a
0,4% e incubada em estufa bacterioldgica, a
37°C, durante 7 dias, com agitacdo freqtiente.
Em seguida, eram realizadas as provas de ino-
cuidade e de esterilidade, pelos métodos con-
vencionais e, entdo, distribuidas em ampolas

Profilaxia da infeccdo — A vacinagdo foi feita
em duas doses de 0,5ml pela via intramuscular,
em todas as serpentes higidas existentes no
biotério, bem como em todas aquelas que pas-
saram a ser recebidas pelo Instituto Butantan.

Resultados e Discussédo

Dentre as bactérias isoladas do material ca-
seoso, uma delas apresentava uma coldnia de
cerca de 2mm de didmetro que, com o envelhe-
cimento das culturas, atingia um didmetro de
até Bmm, e desenvolvia halo de hemdlise em
agar sangue de carneiro.

O exame bacterioscépico revelou a presenca
de bacilos Gram positivos, sem granulacdes e
sem esporos, cujo tamanho e disposicio em
palicada e, também numerosas formas em
VUL ou YT, além da hemdlise em meio
de Zeissler modificado, nos possibilitaram
aventar da possibilidde de tratar-se de bacilos
difterdides. Por esta razdo, os designamos de
Difteroide B.

Este germe, quando inoculado pela via sub-
mucosa bucal em serpentes higidas dos géne-
ros Crotalus e Bothrops, se apresentava alta-
mente virulento reproduzindo, sistematicamen-
te, a doenca. Os dados constantes da Tabela 1,
permitem o acompanhamento da evolucdo da
doencga, experimentalmente induzida em ser-
pentes do género Crotalus. Ela se iniciava com
o aparecimento de intensa hiperemia da muco-
sa gengival, acompanhada de acentuado ede-
ma, que provocava espessamentc da membra-
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Tabela 1 — Reprodugdo experimental da estomatite caseo-
sa em Crotalus

Observacdo em dias

Serpente | dose
mi 1T 2 3 6 15 30 37 45

" 025 H +
12 0,25 | + ‘
13 026/ H E E MC MC MC MC MC
14 010 H H E MC MC MC +
15 010} H E E +
16 010{H E E MC MC MC MC MC
H = Hiperemia
E = Edema
MC = Massa caseosa
+ = Morte

* = Qs animais com sobrevida acima de 45 dias, recupe-
raram-se da doenca

na mucosa que reveste as presas. Apds o perio-
do de 6 a 15 dias, desenvolvia-se u’a massa ca-
seosa aderente, de aspecto branco-amarelado,
dotada de odor fétido, caracteristica. Esta mas-
sa, muitas vezes, invadia completamente a ca-
vidade bucal que ficava permanentemente en-
treaberta. Em conseqgliéncia, o animal ndo se
alimentava (Fig. 1). Geralmente observava-se
concomitantemente, lesdes das glandulas ve-
neriferas.

Com a evolucdo do edema, toda a cabeca fi-
cava comprometida, assumindo aspecto arre-

Figura 1 — Estomatite caseosa experimental. Observar a
aderéncia na mucosa gengival

dondado perdendo, conseqlientemente, o seu
formato triangular, caracteristicos destas espé-
cies. ’

Os dados constantes da Tabela 1 permitem
constatar que a inoculacdo de 0,26m| da sus-
pensdo da cultura de 24 horas, pela via submu-
cosa bucal, provocava a morte prematura dos
animais. Reduzindo-se a dose para 0,10m|, re-
produzimos a doenca, que apresentava todo o
seu quadro evolutivo caracteristico, culminan-
do com o desenvolvimento de massa caseosa
e, finalmente, a morte do animal.

Das lesbes experimentalmente induzidas, o
agente bacteriano sempre foi isolado.

A atividade toxigénica do bacilo em quest3o,
foi constatada em lotes de 10 serpentes do gé-
nero Crotalus, inoculadas com filtrado estéril de
cultura em caldo. Através dos informes da Ta-
bela 2 constata-se que, embora ocorram mani-
festagGes precoces individuais, os primeiros
sintomas iniciam-se ao redor de um més apds a
inoculacdo e, o quadro aparentemente sutil em
seu inicio, geralmente culmina com a morte do
réptil, na dose de 1ml de exotoxina, por animal.

Doses variadas da suspens8o do microrga-
nismo por nos isolado, inoculadas por via sub-
MUcosa ou intravenosa nos animais experimen-
tais, revelou a sua patogenicidade para cobaios
e camundongos. Estes, demonstraram serem
altamente sensiveis, inclusive quando inocula-
dos pelas vias intraperitoneal e submucosa bu-
cal.

Os sintomas mais comumente observados
nos cobaios foram: paralisacdo dos membros,
contraturas musculares, afrouxamento da mus-

Tabela 2 — Inoculag8o intramuscular do filtrado estéril da
cultura de difterdide B, em serpentes do género Crotalus

Observagéo em dias
Serpentes | Dose |~y ix

ne mi [PMCEO o 57 33 35 450
21 1 1/8 SS SS SS S5 SS sS8
22 1 1/8 SS SS  +
23 1 14 SS 8§ SS SS SS SSs
24 1 1/4 SS 88 SS SS SS SS
25 1 1/2 +
26 1 1/2 SS SS S8S SS SS SSs
27 1 1/1 SS SS SM +
28 1 11 SS SS 8§ SG  +
29 1 1/1 SS SS sSM +
30 1 11 SS SS SS SM  +

SS = Sem sintoma

SM = Sintoma médio

SG = Sintoma grave
+ = Morte

= Apos 45 dias, os animais que sobreviveram, perma-
neceram sem sintornas
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culatura abdominal e a morte. No local da ino-
culac8o, foram observadas formacdes de nodu-
los salientes, que podiam evoluir para a necrose
lembrando o quadro das manifestacdes locais
quando da inoculacdo de toxina diftérica.

As provas bioquimicas ndo possibilitaram
correlacionar o microrganismo em questdo com
nenhum outro, anteriormente descrito. As nos-
sas suposicoes de se tratar de bacilos do grupo
dos difteréides (3}, basearam-se em seus as-
pectos morfoldgico e cultural.

Em virtude do carater epidémico que a afec-
cdo assumiu no biotério, provavelmente a
transmiss8o do agente, de um animal para ou-
tro, seja devida ao processo empregado na ex-
tracdo de veneno quando a boca de uma ser-
pente é apoiada e comprimida sobre o mesmo
recipiente que serviu a outra extracoes (Fig. 2).

Apesar de Kauffeld {6) ter obtido éxito no tra-
tamento de ““mouth rot” com o emprego de
sulfaderivados, o resultado de antibiograma re-
velou ser este farmaco ineficaz ao Difterdide B
(Tabela 3).

Face aos resultados verificados no teste de
sensibilidade aos antibidticos, foram inocula-
dos em serpentes (que pertenciam a diferentes
lotes de animais que se encontravam nas mais
diversas fases da evolucgdo da doenca) cloranfe-
nicol na dose de 20mg por kilograma de peso
do animal, pela via intramuscular, durante trés
dias sucessivos, perfazendo um total de 60mg
de farmaco (Tabela 3). Apesar da alta sensibili-

Figura 2 — Extrac8o e coleta de veneno
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dade apresentada “‘in vitro’’ os resultados tera-
péuticos ndo foram satisfatérios na posologia
por nés utilizada. Por esta razdo, resolvemos
prosseguir as nossas observacdes no tratamen-
to da doenca, utilizando recursos de imunotera-
pia.

Desta forma, foi realizada a tentativa de pre-
venir a infeccdo das serpentes normais, recém
introduzidas no biotério do Instituto Butantan,
através de uma vacina especifica, constituida

Tabela 3 — Resultados de antibiograma

Agente Resultado Agente Resultado
Penicilina - Cloranfenicol +
Estreptomicina + Kanamicina +
Tetraciclina - Novobiocina -
Eritromicina - Neomicina -
Furacin - Oleandomicina -
Bacitracina -~ Sulfatiazol -

— = Resistente

+ = Moderadamente sensivel

+ = Sensivel

Tabela 4 — Serpentes examinadas

Discriminacgéo N? de animais Percentual
Doentes 1.269 69,92%
Higidas 546 30,08%
Total 1.815 100%
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de suspensio de cultura formolizada a 0,4%, e
aplicada em duas doses sucessivas, por via in-
tramuscular, no terco médio do corpo do ofi-
deo, abaixo da regido dorsal.

Esta vacina apresentou ser altamente eficien-
te, pois preveniu, quase por completo, a esto-
matite caseosa das serpentes, provocada pelo
microrganismo, reduzindo o indice de mortali-
dade desses ofideos de 25% para 0,4% (Tabela
5 e 6).

A eficiéncia desta medida também pode ser
avaliada pela reducdo a 0,40% (Tabela 6) da in-
cidéncia anterior, da moléstia, na ordem de
70% (Tabela 4). '

Desta forma, gragas @ medidas imunoprofila-
ticas e imunoterépicas introduzidas, obtivemos
a erradicacdo da epizootia, permitindo a norma-
lizacdo da producdo de venenos ofidicos, indis-
pensaveis para a producdo do soro curativo an-
ti-oficido.
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Resumo

Vacina bivalente, inativada contra a Influenza eqiina, elaborada no Brasil, foi aplicada em
10 potros, mantidos em condigdes de campo. Qutros quatro, do mesmo rebanho, foram
mantidos como testemunhos. Todos os potros tinham titulos de anticorpos IHA inferiores
a b UIHA/ml, para os dois virus, no comego da experiéncia. 100% dos potros vacinados
apresentou titulos superiores a 40 UIHA de virus A eqtii 1 e os 87,5% a 80 UIHA de virus A

“eqti 2, até os 104 dias post vacinacio. A resposta antigénica, induzida pela vacina brasilei-
ra e vacinas européias, é discutida.

Summary

Immunogenic evaluation of equine Influenza vaccine

Ten one year old horses without clinical history of respiratory diseases, were vaccinated
with a bivalent Equine Influenza vaccine. This vaccine was elaborated with concentrated vi-
rus, replicated in embrionated hen eggs, inactivated with formol and using Aluminum
hydroxide as an adjuvant. The animals were vaccinated twice at 21 days interval. Blood
samples were collected at 0,21, 41, 75, 104 and 131 days. Four unvaccinated horses were
used as controls. Sera were inactivated at 56°C/30min., Kaolin treated and diluted twofold
in saline. The dilutions were tested with 4HAU of A equi 1 and A equi 2 viruses, respecti-
vely, incubated at room temperature for 30min, and using 0,5% chicken red biood cells. All
vaccinated animals had less than 5 HAIU at 0 day. Mean titre of antibodies against A equi 1
virus of sera collected at day 21 was 97,6 HAIU, at day 41 was 360 HAIU, at day 75 was 516
HAIU, at 104 days was 320 HAIU and at day 130 was 16 HAIU. Mean titre of antibodies
against A equi 2 virus were: 53,3 HAIU at 21 days, 220 HAIU at 41 days, 608 HAIU at 75
days, 105 HAIU at 104 days and 10 HAIU at 131 days. Control horses had no detectable an-
tibody titres (titre < 5 HAIU) during the experiment. All the vaccinated horses had antibody
titres against A equi 1 virus higher than 40 HAIU and 87,5% of them higher than 80 HAIU
of A equi 2 virus until 104 days, falling to 20 and 0% respectively at 131 days.

Introdugao

A gripe eqlina (Influenza eqiina) apresenta-
se esporadicamente nos rebanhos eqiiinos bra-
sileiros, afetando tanto cavalos de esporte (cor-
rida ou polo}, como de trabalho. O curso da
doenga é de, aproximadamente, uma semana,
caracterizando-se as manifestagtes patoldgicas
por necrose do epitélio de condutos aéreos, as
que permitem a colonizacdo, multiplicacdo e
penetracdo de bactérias que complicam o qua-

dro de Influenza, levando até a producdo de
pneumonias exudativas, purulentas e a morte,

Dois virus, antigenicamente diferentes, fo-
ram isolados de casos de Influenza eqiiina. O
denominado A/eqliino/Praga/1/56 {Heq 1 Neq
1) e o denominado A/eqlino/Miami/2 (Heq 2
Neqg 2} (10). Os dois virus foram isolados no
Brasil, o A eqlii 2, em 1963 (9) e 1969 {(4) e o
A eqlii 1, em 1976 (5, 11).

Bryans & col. e Delagneau & col. (2, 6) de-
monstraram a possibilidade de prevenir a In-

* Departamento de Pesquisas de Leivas Leite S.A. Industrias Quimicas e Bioldgicas, Rua Benjamin Constant 1637, 96100

Pelotas, RS, Brasil.
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fluenza eqiiina, mediante a utilizacdo de vaci-
nas inativadas bivalentes, porém Bryans & col.
{(2) comunicam que a qualidade antigénica do
virus A eqlii 2 é significativamente mais baixa
que A equi 1.

Hobson, Curry & Beare (8) demonstraram
estreita correlagdo entre o nivel de protecdo a
infeccdo humana e o titulo de anticorpos inibi-
dores da hemoaglutinacdo.

Bryans & col. {2) demonstraram que cavalos
com titulos de virus A equi 1 de 40 UIHA ou
mais elevados ndo contrairam a doenga, no
curso de uma epizootia. Estas comprovacdes
permitem avaliar o comportamento imunogéni-
co de uma vacina, dentro de uma populagéo,
determinando a capacidade indutora de forma-
¢do de anticorpos inibidores da hemoaglutina-
¢cdo.

Avaliagdo de vacinas contra a Influenza equii-
na ja foi realizada, vacinando-se potros de seis
meses de idade (7) e cavalos adultos (2, 6, 7).

A finalidade deste trabalho foi avaliar o com-
portamento imunogénico de uma vacina contra
a Influenza equina, elaborada no Brasil, em po-
tros mantidos em condigGes de campo, . isto &,
sujeitos as variagctes climaticas e nutricionais,
como ocorre com o rebanho eqiiino gatcho.

Material e Métodos

Foram vacinados 10 potros crioulos, com um
ano de idade, mantidos em condi¢des de cam-
po, sem antecedentes clinicos de doencgas res-
piratérias: quatro potros, integrantes do mes-
mo rebanho, serviram como testemunhos, ao
longo da experiéncia.

Uma vacina comercial*, que possui virus A
equi 1 e A eqii 2 replicados em cavidade alan-
toidea de ovos de galinha embrionados, con-
centrados e inativados, e hidroxido de alumi-
nio, como adjuvante, foi aplicada por via intra-
muscular profunda, em duas doses de 2mi com
21 dias de intervalo. Amostras de sangue foram
coletadas a 0, 21, 41, 75, 104 e 131 dias.

Os soros foram inativados a 56°C por 30min.,
e tratados por caolim (3), para eliminar os inibi-
dores inespecificos da hemoaglutinacéo. Dilui-
coes base logaritmica 2 em salina foram enfren-
tadas a 4 UHA de virus A eqiii 1 e A eqlii 2 res-
pectivamente e, apos 30min., & temperatura
de laboratério, adicionou-se suspensdo de he-

* Vacina contra a Influenza Equiina LEIVAS LEITE
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macias de galinha a 0,5%. As leituras dos titu-
los inibidores da hemoglutinagcdo foram feitas
uma hora apds. Os titulos foram expressados
em unidades inibidoras da hemoaglutinagdo
(UIHA). As médias dos titulos foram submeti-
das a andlise de varianca e a significacdo esta-
tistica de suas diferencas estimada. ‘

Resultados e Discussao

Todos os soros coletados no dia 0 da expe-
riéncia tiveram titulo inferior a 5 UIHA. A média
de anticorpos contra virus A eqli 1 dos soros
coletados dia 21 pés vacinacdo foi 97,5 UIHA,
ao dia 41 foi de 360 UIHA, ao dia 75 foi 516 UI-
HA, aos 104 dias 320 UIHA e ao dia 130, 16 Ul-
HA. As variacdes individuais dos titulos de anti-
corpos sdo expressas na Tabela 1.

As médias de titulos de anticorpos contra vi-
rus A eqtii 2 foram: 53,3 UIHA no dia 21, 220 UI-
HA no dia 41, 608 UIHA aos 75 dias, 105 UIHA
aos 104 dias e 10 UIHA aos 131 dias (Tabela 2).

A percentagem de potros com titulos de anti-
corpos anti A eqilii 1 maiores de 40 UIHA e de
anticorpos anti A eqlii 2 maiores de 80 UIHA
nas distintas datas de coleta de sangue sdo ex-
pressadas na Tabela 3.

A reproducdo experimental da Influenza por.
instilagdo nasal de virus ativo ndo é sempre
bem sucedida; dai, a avaliagcdo da capacidade
imunogénica das vacinas faz-se determinando
a dindmica dos titulos inibidores da hemoagluti-
nacdo. Hobson, Curry & Beare (8) demonstra-
ram que, no homem o nivel de anticorpos inibi-
dores da hemoaglutinacéo € estreitamente cor-

Tabela 1 — Titulos de anticorpos inibidores da hemoagluti-
nacéo de virus A equi 1

Dias de vacinado

Potro 0 21 4 75 104 131
1 <5 80 640 320 320 20
2 <5 - - 160 320 0
3 <5 160 - 1280 160 20
4 <5 20 160 160 320 0
5 <5 40 160 40 - 0
6 <5 80 160 320 320 0
7 <5 160 640 1280 160 0
8 <5 80 160 640 — 0
9 <5 160 640 640 640 80

10 <5 - 320 320 320 40

X <5 97,5 360 516 320 16

Desvio padrédo 52 222 423 138 25

20 160 40 160 0

Intervalo 160 640 1280 640 80

— = ndo realizado
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Tabela 2 — Titulos de anticorpos inibidores da hemoagluti-
nacgdo de virus A eqii 2

Dias de vacinado

Potro 0o 2 41 7% 104 131
1 <5 80 320 160 40 0
2 <5 — - 160 160 0
3 <5 80 — 320 160 20
4 <5 20 80 320 80 0
5 <5 20 160 320 - 0
6 <56 80 160 320 80 0
7 <5 80 320 640 80 0
8 <5 40 80 1280 — 0
9 <5 40 320 1280 80 40
10 <5 40 320 1280 160 40
X <5 53,3 220 608 105 10
Desvio padréo 25 104 457 44 16
20 80 160 40 0
Intervalo 80 320 1280 160 40
— = néo realizado
Tabela 3 — Percentagem de potros com titulo de

40 UIHA/ml de virus A eqii 1 e 80 UIHA/ml de virus A eqtii 2

Dias de vacinados

Virus 0 21 41 75 104 13
Aeqli 1 0 87,5 100 100 100 20
Aeqiii 2 0 44,4 100 100 87,5 0

relacionado com a protecéo a infeccdo. Em re-
feréncia a Influenza eqtiina, comprovou-se que,
em condicées de campo, cavalos com titulos
de 40 UIHA de virus A eqlii 1 {2) ou 80 UIHA,
de virus A eqlii 2 (12) ndo apresentaram sinais
clinicos da doenca, nem alteracdes dos titulos
de anticorpos durante epizootias, pelos respec-
tivos virus, considerando esses titulos limiares
de protegdo.
Utilizando este critério, pode-se observar di-
_ferente resposta dos animais vacinados frente
ao antigeno A eqiii 1 e A eqli 2, constituintes
da vacina. Frente ao primeiro, 87,56% dos ani-
mais possuia titulo superior a 40 UIHA, trés se-
manas apds a aplicacdo da primeira dose, en-
tretanto 44,4% dos animais tinha titulo superior
a 80 UIHA de A eqiii 2, sendo a diferenca das
médias dos titulos significativa (p < 0,05). A
resposta a segunda dose de antigeno, aplicada
trés semanas apoés a primovacinacdo, permitiu
obter titulos superiores a 40 UIHA, frente a A
eqli 1, em 100% dos animais e superiores a 80
UIHA, de A eqlii 2, em 87,5%, até 104 dias da
primovacinacdo, decrescendo rapidamente,
para ficarem todos os animais com titulos infe-
riores ao limiar de protec¢8o, aos 130 dias da pri-
movacinagdo.

C.G. Turnes, J.C.M. Alves Pereira & C. Moreira

Os titulos frente aos dois virus néo se diferen-
ciam significativamente {p > 0,05), durante a
fase intermediaria do experimento, mas s6 aos
104 dias observa-se uma diferenc¢a significativa
{(p < 0,01) a favor de A eqlii 1, concordando
com os dados de Bryans & col. (2). Porém, a
resposta antigénica frente ao virus A eqtii 2, ob-
tida com a vacina por nds elaborada, foi subs-
tancialmente mais elevada que a obtida por es-
ses autores.

Da comparacéo das médias dos titulos de an-
ticorpos produzidos em potros vacinados com
a vacina por nés elaborada e de cavalos vacina-
dos com vacinas européias (1,6), observa-se
que as médias obtidas 21 dias ap6s a primovaci-
nacdo ndo diferem significativamente (p >
0,05). No entanto, se forem observados nos ca-
valos uma resposta mais elevada, quando se
comparam as médias de anticorpos trés sema-
nas apds a revacinag¢do {p < 0,05}. Quando se
comparam as médias de anticorpos dos potros
54 dias apds a revacinagdo, com a dos cavalos
trés semanas apos a revacinagdo, as diferencas
deixam de ser significativas (p > 0,05), o que in-
dicaria mais lenta capacidade de resposta imu-
nitaria dos potros, com relagdo a cavalos, mes-
mo sendo ambos carentes de prévia sensibiliza-
¢do ao antigeno.

Deve-se salientar a boa resposta imunitaria
induzida-pelo antigeno de A eqii 2, utilizado
na vacina testada, comprovando-se a média de
anticorpos IHA significativamente (p < 0,05)
mais aita que as obtidas com as vacinas euro-
péias apds a primovacinacdo.

Deve-se revacinar os potros entre os 110 e
120 dias apds a primovacinacdo, devido ao de-
saparecimento dos titulos de anticorpos nesse
periodo. Ackerman & Tiefembach (1) recomen-
dam aplicar, em cavalos, a terceira dose da va-
cina, entre 6 a 9 meses da primovacinacdo.

A vacina foi adequadamente tolerada pelos
potros vacinados, ndo observando-se reactes
adversas apoOs a primovacinacdo nem a revaci-
nacéo.
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Remoc¢éo do virus rabico

e

fixo da corrente sangiiinea
de camundongos normais*

Cesar Wilson Martins da Rocha**
& José Noronha Peres***

Resumo

Remogéio do virus rébico fixo (amostra CVS) da corrente sangiiinea de camundongos nor-
mais, inoculados por via endovenosa e estudo do papel de fatores humorais existentes no
soro. Os estoques de virus rabico (amostra CVS) foram preparados em cérebros de camun-
dongos neonatos e titulados em animais adultos pelas vias intracerebral e intravenosa ob-
tendo-se, respectivamente, os seguintes resultados: 107-5/0,1mi e 10"*/0,1ml DLs,. Foram
usadas técnicas de determinagdo do poder infectante pela inoculagdo intracerebral em ca-
mundongos e imunofiuorescéncia para se avaliar a remoc&o do virus rabico. Quando doses
elevadas (3 x 10° DLs,) foram inoculadas intravenosamente, o virus foi rapidamente remo-
vido da circulacdo (30min.) e sua permanéncia no figado e baco foi menor (10min.), sendo
mais prolongada no pulm&o (60min.}. Pesquisou-se a participacdo do soro normal, do C; e
da properdina, na inativagdo “'in vitro’' do virus rabico, sendo que o C; exerceu maior ativi-
dade.

Summary

Clearence of fixed rabies virus (CVS strain) from the blood of normal mice

Study of the role of the serum humoral factors. Stocks of rabies virus {CVS strain) were
prepared in baby mice brains and titrated in aduit animals inoculated by intracerebral and
intravenous routes yielding titers of 10*/0.1mi; 10"*/0.1ml respectively. The determi-
nation of the virus clearence was done by infectivity (as measured by intracerebral inocula-
tion of adult mice) and immunofluorescence. When 3 x 10° LDs, of virus were inoculated
intravenously, the virus was rapidly cleared from the circulation {30min) and it was detec-
ted is spleen and liver up to 10min after inoculation; in the lung this time extended to
60min. The role of normal serum, C, and properdin in the "‘in vitro' virus inactivation was
investigated, C, being more active.

Introdugéo

Os primeiros estudos sobre a patogenia da
raiva foram realizados por Pasteur & col. (13} e
Pasteur, Chamberland & Roux (12). A fim de
reduzir o longo periodo de incubacio da doen-
¢a, apos trepanacdo, inocularam o virus direta-
mente no cérebro de animais. Interessados em
obter técnica mais simplificada, utilizaram a via
sangliinea para a inoculacdo, conseguindo a re-
produc¢do experimental da doenca apenas com

grandes doses de virus; a suspensio de tecido
nervoso diluido a 1:200, ndo era mais infectante
para o céo.

A hipétese de disseminac&o do virus da porta
de entrada ao sistema nervoso central {(SNC)
por via neural, vem recebendo conclusivo apoio
experimental (1, 2, 4, 16, 18). Por outro lado, a
disseminacdo do virus pela corrente sangtiinea,
ou sua presenca nesta (viremia) na doenca na-
tural ou experimental, é assunto controvertido,
segundo Dohmen {5).

* Trabalho do Departamento de Microbiologia do ICB/UFMG, realizado com auxilio financeiro da FUNTEC-132, CAPES

e CPq da UFMG.
** Dekalb Agricola do Brasil, 13100 Campinas, SP.

*** Instituto de Ciéncias Biolégicas, UFMG, Caixa Postal 2486, 30000 Belo Horizonte MG.
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Segundo Mims (11), a remoc8o de um virus
da corrente sangliinea é feita principalmente
pelas células do sistema reticulo endotelial.

O virus rdbico tem muita oportunidade de
atingir a corrente sanglinea, pois em geral pe-
netra no hospedeiro através de ferimento pro-
duzido pela mordedura de um animal raivoso.
No entanto, tanto na doenca natural como na
experimental, a viremia constitui evento raro e
excepcional. Isso sugere a existéncia de um
mecanismo ou mecanismos eficientes na sua
remocdo ou destruicdo que atua(m) antes do
mesmo atingir o SNC (8).

As inoculacdes do virus rabico por via endo-
venosa tém sido realizadas, principalmente
com o objetivo de verificar o mecanismo de
propagacdo ao SNC. Na literatura consultada,
ndo encontramos estudos scbre a remoc&o do
virus rébico da corrente sanglinea. Para isso,
grandes doses de virus rabico foram inoculadas
por via venosa. Em seguida, procurou-se detec-
tar sua presenca no sangue e visceras, apos in-
tervalos de tempo.

Material e Métodos
Virus — Foi utilizada a amostra CVS, mantida

por inoculacdes sucessivas via intracerebral
(IC) em camundongos neonatos, sendo a sus-

pensdo 20% de cérebros infectados conservada

em congelador a —70°C.

Diluente — Agua destilada estéril, adicionada
de 2% de soro de cavalo inativado a 56°C por
30min. e de antibidticos (penicilina e estrepto-
micina).

Camundongos — Foram usados em todos os
experimentos camundongos suicos, albinos,
cuja idade variou conforme o objetivo dos ex-
perimentos.

Titulagdo do virus — a) Via intracerebral (IC) —
A partir da suspensédo a 20% de tecido nervoso
infectado, obtinha-se a diluicdo a 10™" e as su-
cessivas até 1078, De cada dilui¢8o, grupos de 6
a 8 camundongos jovens (21 a 30 dias) eram
inoculados por IC, com 0,03mil. Os animais
eram observados diariamente, durante 21 dias.
A DL, foi determinada pelo método de Reed &
Muench (14) b) Via intravenosa (IV) — Foram
'usados camundongos adultos (16 a 18g), em
lotes de 6 a 8 animais para cada diluicdo. O vi-
rus era diluido nas condicGes mencionadas an-
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teriormente, sendo que & diluicdo 107" adiciona-
va-se cerca de 500 Ul de heparina por ml (4).
As inoculacBes eram feitas na veia da cauda.

Remocgédo do virus rébico inoculado pela via IV.
Poder infectante do sangue — Camundongos
adultos eram inoculados pela via IV com 3 X
10° DL, preparadas a partir de estoque viral
com o titulo 107 (0,03ml/IC). Apds a inocula-
¢do, procedia-se a colheita de sangue dos ani-
mais inoculados, em tempos diferentes (5, 10,
15, 20, 30 e 60 minutos), mediante puncéo car-
diaca, usando-se seringa estéril, lavada em so-
lucdo de heparina. Imediatamente apds a co-
Iheita, adicionava-se 0,05bml de sangue em
0,45ml do diluente. Sempre em banho de gelo,
preparavam-se diluicées 1072 e 107%. De cada
colheita, nos diferentes intervalos de tempo,
procedia-se a diluicdo do sangue como foi des-
crito. Em seguida, grupos de 6 a 8 camundon-
gos recém-nascidos (2 a 5 dias) eram inocula-
dos por via iC, com 0,02ml de cada diluicéo e de
cada colheita.

Poder infectante dos drgdos (pulméo, bago e
figado) — Camundongos adultos inoculados
por via IV com 3 x 10° DLs, de virus rabico,
apés 10, 20, 30, 60, 90 e 120min. eram sacrifica-
dos, seccionando-se os vasos da regido cervical
a fim de se eliminar a maior quantidade possive!
de sangue. Feita a necrépsia, prefundiam-se os
o6rgdos, colhiam-se pulméo, bago e figado, que
eram colocados individualmente em frascos de
vidro, lavados vérias vezes em salina e em se-
guida triturados isoladamente em gral, prepa-
rando-se suspensdes a 10% . Estas foram cen-
trifugadas a 1000 rotagges durante 10min. a
temperatura de 4°C. O sobrenadante de cada
material era inoculado em grupos de 6 a 8 ca-
mundongos neonatos (2 a 5 dias), por via IC.

Imunofluorescéncia — De animais inoculados
(IV) nas condicGes descritas e nos intervalos de
tempo mencionados, foram feitos esfregacos
de sangue para imunofluorescéncia (7). A pre-
senca do virus e/ou antigeno viral do pulmao,
baco e figado foi pesquisada em cortes de 4 a
8u em micrétomo de congelacéo, segundo téc-
nica de Kundin & col. (10).

Acdo do soro de camundongos normais —
a) Soro normal — Procedia-se a colheita de
sangue de numerosos camundongos adultos e
machos. A seguir, em centrifuga refrigerada,
obtinha-se o soro limpido que era distribuido
em aliguotas de 1,0ml em tubos e conservados
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a —70°C até o momento de uso b) Soro isento
de componente C; do complemento (R-3) e
sem properdian (RP} — Para o preparo dos so-
ros R-3 e RP, seguiu-se a técnica descrita por
Pillermer & col. (14), utilizando-se uma prepa-
ragdo de Zimozan.

Técnica — A trés séries de frascos, adicionava-
se, a cada um, 0,15mi, respectivamente, de so-
ro normal, de soro R-3 e de soro RP. Aos fras-
cos de cada série, adicionava-se 0,15ml das di-
luicBes 10 a 107 do virus rabico. Incubacdo
em banho-maria a 37°C por 60min. e,.apds tra-
zer a mistura a temperatura ambiente, era ino-
culada, em grupos de 6 a 8 camundongos jo-
vens, por via IC.

Em outras quatro séries de frascos, colocou-
se, em cada um, 0,9ml respectivamente, de so-
ro normal, soro R-3, soro RP e salina. Aos fras-
cos de cada série, foi feita adicdo de 0,1ml das
diluicées 10™* a 107° do virus rabico, passando
assim as diluicBes 10° a 1077, Incubou-se em
banho-maria, a 37°C por 60min. e, em seguida,
foram inoculadas em grupos de 6 a 8 camun-
dongos jovens, por via IC. Os célculos da DLg,
e percentual de mortalidade foram feitos pelo
método de Reed & Muench(15).

Resultados

Das diversas partidas de estoque de virus,
preparadas e submetidas a titulacdo por via IC,
sd foram usadas aquelas que alcancaram titulo
satisfatério: 107°/0,03ml DLs,. As mesmas par-
tidas estoque, quando tituladas por via endove-
nosa, forneceram os seguintes titulos gue va-
riavam de 10" a 10"%/0,1m!} DLs,.
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Nos animais inoculados intravenosamente,
com 3 x 10® DLs, de virus rabico, so foi possi-
vel detectar o virus no sangue aos 5, 10, 15, 20
e 30min. (Tabela 1). Verifica-se que, apéds
30min., a diluicdo de 107' contém virus suficien-
te para matar 100% dos animais inoculados. Na
diluicdio 107* ao fim desse tempo, nédo se conse-
guiu revelar virus e, nos intervalos menores de
tempo, o percentual de mortalidade foi 81,8%,
62,5%, 57,1%, respectivamente aos b, 10, 15 e
20min. Na diluicdo a 107%, so foi possivel reve-
lar o virus aos b e 10min. apds a inoculacdo, em
concentracdo suficiente para matar apenas
66,6% e 22,2% respectivamente.

Tabela 1 — Remogdo do virus rabico inoculado por via in-
travenosa (3x 10°DLs,) em camundongos adultos. Avalia-
¢80 do poder infectante do sangue, nas diluicdes de 107,
1072, 107

% de mortes de camundongos
Tempo em minutos .

107 102 107

5 100,0 81,8 66,6
10 100,0 62,5 227
15 100,0 57,1 0,0
20 100,0 12,5 0,0
30 100,0 0,0 0,0
60 0,0 0,0 0,0

Quanto a presenca do virus nas visceras, ii-
mitou-se o presente estudo a ensaios qualitati-
vos, sendo possivel detectar o virus no figado e
baco, apenas aos 10min. apds inoculacdo, en-
quanto gue, no pulméo, o mesmo ainda estava
presente ao fim de 60min., sendo comprovado
tanto pela prova do poder infectante, como pe-
la imunofluorescéncia {Tabela 2).

Tabela 2 — Remogcéo do virus rabico amostra CVS inoculado pela via intravenosa 3 x 10° DLs, em camundongos adultos,

avaliada pela imunofluorescéncia

Tempo em minutos

Material
10 20 30 60 90

Pl IF Pl IF Pt IF Pl IF Pi IF
Sangue + + + + - -
Figado + + - - - - - -
Baco + + - - - - - -
Pulmdo + + + + + + + - -
Pl = poder infectante
IF = imunofluorescéncia
+ = positivo
-~ = negativo

i

néo realizado



Rev. Microbiol. (S. Paulo), 10(4), 1979 1561

Acdo do soro em camundongos ndo imunes —
Os dados da Tabela 3 mostram que o soro nor-
mal inativou cerca de 14 DL;, do virus, toman-
do-se como base o mesmo soro desprovido da
fracdo C, do complemento. Por outro lado,
quando se compara a aco neutralizante do so-
ro normal com o soro RP (desprovido de proper-
dina), verifica-se que apenas 3 DLs, de virus fo-
ram inativadas.

Tabela 3 — Titulaggo do virus rébico adicionado a igual vo-
lume de soro normal (N), de soro isento da fracsio C, do
complemento (R-3) e de soro isento de properdina (RP). In-
cubagdio 37°C, 60 min. Inoculacso via intracerebral, em ca-
mundongos jovens

Inéculo DLso

Virus + soro N 10°-%°
Virus + soro R-3 10874
Virus + soro RP 1081

A acdo neutralizante do soro normal e do so-
ro destituido de C, ao complemento sobre o vi-
rus rabico € mostrada na Tabela 4, onde se en-
contram os percentuais de morte das diferentes
diluicGes do virus.

Discussio

Para a obtencdo de estoque de virus rabico
de titulos elevados, com a amostra CVS, usa-
mos camundongos recém-nascidos. O titulo
médio, obtido (DLs,) por via IC, foi de
107°/0,03ml, considerado o ideal para os ex-
perimentos realizados, tendo em vista que a in-
feccdo letal, pela via endovenosa, exige gran-
des quantidades de virus.

Fazendo-se a inoculacdo do virus por via ve-
nosa, apo6s 30min., este ja pode ser detectado
no sangue, quer pelo poder infectante, quer pe-
la imunofluorescéncia, nas condicSes descritas
neste trabalho. Os dados da Tabela 1 mostram
que o agente vai sendo removido gradativa-
mente, Keller & Zatman (9) e Brunner & col.
{3), verificaram o mesmo fato, quando injeta-
ram bacteridéfago, virus da estomatite vesicular
e virus da doenca de Newcastle, por via venosa
em camundongos. Resultados semelhantes aos
dos autores acima foram obtidos por Mims
{11), que estudou a remocéo do virus da vacci-
nia e da febre do Vale do Rift, do sangue.

A Tabela 2 mostra que, nas visceras em que
o virus foi pesquisado, ele s6 pode ser demons-
trado no figado e baco até 10min. apds inocula-
¢8o, enquanto que no pulmao foi detectado até
60min. :

A maior permanéncia do virus no pulm&o po-
deria ser devida ao fato de o mesmo ser inocu-
lado na veia da cauda e passar primeiro naquele
6rgdo que retém, assim, maior quantidade de
virus, o que demandaria mais tempo para o
mesmo ser destruido. Outra hipotese seria a de
que o mecanismo de eliminagdo do virus é me-
nos eficiente, ao nivel dos pulmdes do que no
baco e figado. Schweinburg, citado por
Schneider (18), mostrou que a maior parte do
inéculo de virus, aplicado por via IV, é retida
nos pulmdes.

Os dados do presente trabalho diferem dos
obtidos por Schneider (18), quanto ao achado
do virus no sangue, figado, baco e pulm3o. Po-
rém, vale salientar que o citado autor detectou
antigeno virico no sangue, figado, bago e pul-
mdo, nas primeiras cinco horas de infec¢do, pe-
la técnica de imunofluorescéncia.

Tabela 4 — Ac&o do soro normal (N) e do soro destituido
da fragfio C; do complemento (R-3) sobre o, virus rébico,
apos incubagdo a 37°C, 60 min. Inoculacdo via intracere-
bral, em camundongos jovens

% de mortos por diluig8o

Inécuio
10783 10782 10773
Virus + soro N 71,4 12,5 0,0
Virus + soro R-3 92,3 63,6 40,0

O papel do soro normal de camundongos,
sobre o virus réabico, foi estudado em alguns ex-
perimentos e verifica-se, pelo exame das Tabe-
las 3 e 4, que sua participacdo, no mecanismo
de remoc&o do virus, ¢ insuficiente para neutra-
lizar a quantidade de particulas injetadas por via
venosa. O que Ergegovac & Costoglou (6) cha-
maram de “corps antirabics’’, presentes no so-
ro normal, trata-se, muito provavelmente, da
acdo conjunta de fatores humorais e celulares,
pois, pelos resultados obtidos, o primeiro me-
canismo ndo é suficiente para remover o virus
injetado na corrente circulatéria. A acdo dos fa-
tores humorais, presentes no soro normal de
camundongos, sobre o virus rabico, examinan-
do-se os dados da Tabela 4, parece ser devida
principalmente & fracdo C; do complemento.
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Teor de glicidios totais
e trealose em algumas espécies
do género Candida

Dejanira de Franceschi de Angelis*
Maria Cecilia de Faveri Leite de Oliveira*
& Maria Eunice Monaco Furletti*

Resumo

A produtividade em biomassa, o teor em glicidios totais e a trealose sdo comparados em 10
espécies de leveduras do género Candida cultivadas em meio completo para leveduras. En-
controu-se variacdo de glicidios totais, em andlise de matéria seca, de 16,40 a 27,33% e de
20,20 a 36,30% nas anélises da matéria imida. A analise de trealose indicou variagdo de
0,84 a 5,75% do peso seco.

Summary

Total carbohydrate and trehalose in ten yeasts species of Candida

The production in biomass, trehalose and total carbohydrate contents in 10 yeasts species
of Candida were determined. The yeasts were grown in broth of peptone (10.0g), yeast-
extract (10.0g), phosphate (0.5g), glucose (20.0g), water (1000ml). pH = 5.7. The total
carbohydrate content measured in dry cells in all ten species varied from 16.40 to 27.33%
and, in washed celis, from 20.20 to 36.30%. The levels of trehalose varied from 0.84 to
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5.76% of dry weight.

Introdugéo

Alguns pardmetros em leveduras tém sido
constantemente revisados por varios autores,
notadamente no que se refere a proteinas. En-
tretanto, outros materiais celulares, como glici-
dios e lipideos, tém sido investigados com me-
nor intensidade, principaimente quando leve-
duras sdo cultivadas em meios complexos.
Considerando o pequeno volume de informa-
cbes disponiveis sobre glicidios totais e maté-
ria de reserva para muitas leveduras, cultivadas
em meios ricos, investigamos quantitativamen-
te estes valores, para 10 espécies do género
Candida.
~ Dos glicidios de reserva, enfocamos a trealo-
se por se distinguir dos demais, estando a sua
utilizacdo condicionada & etapa do ciclo vital,
de acordo com Kiienzi & Fiechter (1). Panek {7,
8, 9, 10) postula a trealose como reserva de

energia, a ser usada durante a “lag” fase,
quando as células prepararam-se para a divi-
sdo.

Procuramos estabelecer se, por outro lado,
também haveria variacdo apreciavel entre as es-
pécies, quando submetidas s mesmas con-
dicBes de cultivo e na mesma etapa do ciclo vi-
tal.

Material e Métodos

Material — Meios de cultivo

a) Meio de preservacdo de cultura de Agar mal-
te seg. Lodder (2).

b) Meio completo para levedura (M.C.L.) pep-
tona (Merck)..... 10,0g; extrato de levedura
(Merck)..... 10,0g; K,;HPOQO, (Carlo Erba).....
0,5g; glicose (Merck)..... 20,0g; H,O destila-
da g.s.p...... 1000ml; pH..... 5,7.

* Departamento de Bioquimica, Instituto de Biociéncias UNESP, ““Campus” de Rio Claro, Caixa Postal 178, 13500 Rio Cla-

ro, SP.
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Esterilizado 10 minutos a 1 atmosfera de
pressdo e 120°C, exceto a glicose, esterilizada
separadamente, e adicionada ao meio, antes de
serem inoculadas as leveduras.

Leveduras do género Candida utilizadas: C.
melibiosa n? 1, C. guilliermondin? 2, C. robus-
tan?® 3, C. stellatoidea n° 4, C. solanin® 5, C.
brumpti n? 6, C. pseudotropicalis I0C n° 7, C.
pseudotropicalis ATCC n?® 8, C. vartiovaarai n®
9, C. lipolytica (n® 71) n® 10,

Da 12 & 92 levedura, das relacionadas, todas
sdo provehientes do Instituto Zimotécnico
""Prof. Jayme Rocha de Almeida’’ ESALQ Pira-
cicaba (S.P.). A ultima levedura é do Instituto
de Microbiologia da U.F. Rio de Janeiro.

Reagente: foi usada a antrona, preparada se-
gundo Martelli & Panek (4), modificado:
Solugdo 1: &cido sulfirico — Merck p.a.
d - 1,86, 186ml. Agua destilada
30ml.
Dissolver 0,3g de Antrona, em 150m! da solu-
cdo 1.

Método — As leveduras foram preservadas em
meio de agar malte a 2% e transferidas para tu-
bos de cuitura, contendo 10ml de M.L.C., para
desenvolvimento do pré-indculo e colocadas
em estufa a 27° = 1°C. Apds 24 horas, as leve-
duras contidas nos tubos foram transferidas pa-
ra frasco de Erlenmeyer de 250ml, contendo
50ml de M.L.C. e cultivadas sob a agitacdo du-
rante 24h a 150 rotac8es por minuto, & mesma
temperatura. Apds esse tempo, 20ml de cultura
agitada foram transferidos para 2 frascos de Er-
lenmeyer de 500 ml, contendo 200m! de meio e
cultivadas nas mesmas condicdes, por mais 24h.

Em seguida, os contelidos dos dois frascos
de Erlenmeyer foram reunidos e homogeneiza-
dos, retirando-se duas aliquotas de 25ml, para
as dosagens de trealose e glicidio total na maté-
ria fresca.

O volume restante do material foi medido e
centrifugado a 5000 r.p.m.; a biomassa obtida
foi secada a 100°C, até peso constante e o so-
brenadante foi reservado para determinacfo do
consumo de aclcares redutores pelo método
de Nelson (5) e Somogyi (14). Os agtcares re-
dutores, inicialmente presentes no meio, foram
dosados em controle do meio ndo inoculado.

As dosagens de glicidio total e de trealose
foram feitas segundo Trevelyan & Harrison
(15). Para dosagem de glicidio total na biomas-
sa fresca, células centrifugadas e lavadas, obti-
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das de 25mi de cultura, foram transferidas com
auxilio de 4ml de &cido tricloroacético (TCA)
0,5M, para frasco de Erlenmeyer, adicionando-
se, exatamente antes da dosagem, agua até
200ml. Apés homogeneizar, s8o tomadas ali-
quotas, para dosagem com antrona.

O glicidio total na matéria seca foi determina-
do em 30mg de biomassa seca, homogeneiza-
dos no homogeneizador de Potter, com 4ml de
TCA 0,5M e transferidos para frascos de Erlen-
meyer de 500ml, completando o volume para
200ml, com agua destilada.

A determinac@o da quantidade de trealose,
na biomassa fresca obtida de 25ml de cultura, e
expressa como o equivalente em glicose (% da
matéria seca), foi feita transferindo-se as célu-
las com auxilio de 4ml de TCA 0,6M, para um
tubo de ensaio colocado a zero graus e sob agi-
tacdo constante, durante uma hora. Em segui-
da, o contetido do tubo foi centrifugado e o so-
brenadante, contendo a trealose, reservado. O
residuo celular foi lavado com 4ml de 4dgua des-
tilada, centrifugado e o sobrenadante foi junta-
do ao anterior. O volume dos extratos foi com-
pletado a 26mi.

Resultados

As 10 espécies de leveduras Candida, cul-
tivadas em M.L.C., permitiram obter os da-
dos na Tabela 1, onde se observa variacdo na
producdo de biomassa (g/f}, assim como o
consumo de glicose em g por litro de cultura,
em g/g de biomassa produzida, e a porcenta-
gem da eficiéncia de transformacio da glicose
em biomassa.

A Tabela 2 mostra que, entre as 10 espécies
de leveduras, o teor de glicidio total, na matéria
fresca, variou de 20,20 a 35,30% do material
seco, € na matéria seca, de 16,40 a 27,33%.

Os valores de trealose variaram entre 0,84 a
5,75% da matéria seca.

Discusséao

Dados do cultivo das leveduras, indicados na
Tabela 1, revelam que a convers3o em biomas-
sa, para as leveduras 1, 2, 3, 4, 7, 9 e 10, corres-
pondem aos dados obtidos por Serzedello &
col. (13), utilizando Torula utilis. As espécies.
estudadas em aerobiose ndo atingiram a con-
versdo de 50% da glicose para biomassa (Tabe-
la 1), comumente citada em literatura {12).
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Tabela 1 — Pardmetros do desenvolvimento das leveduras cultivadas em M.L.C.

. eficiéncia da
assimilagcdo . R = aglcares redutores consumo glicose . transformacéo
n? levedura de blomalssa residuais no meio {controle - R) ~ consumo glicose da glicose zm
trealose 9/ g/l g/l 9/g biomassa biomassa (%)
1 + 7,5450 0,9637 25,03 3,31 30,14
2 + 7.1215 1,0187 24,98 3,50 28,50
3 + 6,5826 0,9837 25,01 3,80 26,31
4 + 9,1902 1,0425 24,95 2,7 36,83
5 + 3,9730 1,0712 24,92 6,27 15,94
6 - 3,5955 1,0892 24,90 6,93 14,43
7 - 6,6722 0,9837 25,01 3,74 26,67
8 - 4,0672 1,2525 24,74 6,09 16,43
9 - 9,56130 1,1106 24,88 2,61 38,23
10 - 6,5725 3,7500 22,25 3,38 39,63
Tabela 2 — Teores de glicidio total e trealose em leveduras cultivadas em M.C.L.
Glicidio Total Glicidios totais
a—b Trealose (c) exceto trealose
Levedura Matéria fresca (a) Matéria seca (b) % da matéria seca {a—c) %da
n? % da matéria seca % da matéria seca matéria seca
1 23,54 19,33 4,21 2,86 20,68
2 32,34 24,00 8,34 4,37 27,97
3 24,92 22,93 1,99 5,75 19,17
4 31,51 26,00 5,61 1,22 30,29
5 33,03 27,33 5,70 4,04 28,99
6 36,30 25,73 10,57 3,22 33,08
7 26,49 19,33 7,16 0,96 25,53
8 34,12 24,66 9,46 3,48 30,64
9 33,97 24,80 9,17 0,84 33,13
10 20,20 16,40 3,80 1,57 18,63

As espécies mais produt‘ivas em biomassa
consumiram menos glicose para produzir a
mesma quantidade de biomassa, como indica a
Tabela 1 (consumo em g/g de biomassa), sob
agitacdo. Quanto ao conteldo de glicidios to-
tais das leveduras, pesquisadores (11}, anali-
sando Candida utilis, cultivada em licor sulfitico
e Saccharomyces cerevisiae, cultivada em me-
laco, verificaram variacdo de 22 a 34%. Outros
autores {3) consideram que os glicidios totais
das leveduras possam atingir até 40% do peso
seco.

O método de determinacdo de glicidios totais
(15), empregado, refere-se a matéria Umida.
Considerando a maior facilidade de manipula-
‘cdo com matéria seca, aplicamos a mesma téc-
nica para este material.

Verificamos que a dosagem de glicidios to-
tais, quando realizada na matéria fresca e na
matéria seca, apresenta diferenca para cada es-
pécie que pode ir de 10,57%, para a levedura
numero 7 a, 1,99%, para a nimero 3, indicando
possivel perda quando o material é secado a
100°C.

De acordo com o método de antrona, empre-
gado para andlise dos glicidios totais, em amos-
tras de matéria seca das 10 espécies de levedu-
ras, obtidas apds 24 horas de desenvolvimento,
verificamos que houve variagdo de 16,40 a
27,33%, onde as leveduras 10, 7, 1 e 3 apresen-
taram-se com os menores valores. Quando as
andlises foram efetuadas na matéria celular
fresca, os resultados, também expressos como
percentagem de matéria seca, variaram entre
20,20 a 36,30%. Os menores valores corres-
pondem as espécies 10, 1, 3e 7.

O teor de trealose, que variou de 0,84 ateé
5,75%, nas diferentes espécies, assume maior
significado quando comparado aos valores ob-
tidos por outros autores (6), para Saccharomy-
ces cerevisiae: 2% durante a fase diduxica, de
crescimento em glicose e 12%, ao ser transferi-
da para condicdes ndo proliferativas.

As leveduras 2 e 3, que apresentaram maior
teor em trealose, sdo trealose positivas e as le-
veduras 7 e 9, que apresentaram 0s menores
teores, séo trealose negativas, como indicam
as Tabelas 1 e 2.
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Embora a enzima implicada na biossintese da
trealose, UDPG-glicose-6-fosfato transglicosi-
dase, seja bem distinta da que permite a assimi-
lacdo de trealose exdgena (3), entendemos
que essa coincidéncia necessita ser melhor pes-
quisada.

Conquanto as condigGes de glicose, no meio
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Isolation and chemical
composition of yeast
extracellular capsule

Kailash C. Srivastava*®
& David G. Smith**

Summary

Using paper chromatography, the composition of extracellular polysaccharide of psychro-
philic yeasts belonging to four genera determined by growing them in glucose genera of
containing and glucose free media. The composition was different in each of the media.
Besides the psychrophily, the constituents of the incubation medium also affected the
composition of the capsular polysaccharide.

Resumo

Isolamento e composicdo quimica de capsulas extracelulares de leveduras

A composicdo dos polissacarideos extracelulares de leveduras psicréfilas de quatro géne-
ros foi determinada pelo método da cromatografia em papel. As leveduras foram cultivadas
em meios de cultura com e sem glicose. A composi¢do dos polissacarideos era diferente
em cada meio. Além da prépria psicrofilia, os constituintes dos meios de crescimento tam-
bém afetavam a composicéo dos polissacarideos capsulares.
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Introduction

In the electron micrographs the extracellular
capsule of yeast looks to be granular or fibrous
(9, 10). It has been shown to be a polysacchari-
de upon chemical analysis. While further. stu-
dies on the extracellular capsuie of five Candida
species have shown them to be composed of
fructose, galactose, glucose, mannose and
rhamnose (1}, the capsule of Cryptococcus
neoformans and five other Cryptococcus spe-
cies has been shown to have fructose, galacto-
se, glucose, ribose and xylose as its major com-
ponents (3,6). In Rhodotorula glutinis the major
components of the capsular polysaccharide ha-
ve been identified as fucose, galactose and
mannose (b).

‘The present study was undertaken to deter-
mine the qualitative differences in the composi-
tion of extracellular polysaccharide as a result
of psychrophily.

Material and Methods

Organisms — The psychrophiles used were Can-
dida gelida YS 66, Cryptococcus albidus YS 5,
Rhodotorula rubra YS 80, and Trichosporon
pullulans YS 17. The mesophilic counterparts
of the latter three yeasts, included for compara-
tive purposes, were NCYC 446, NCYC 142 and
NCYC 477 respectively.

Medja — Using a log-phase inoculum, the or-
ganisms were grown for 48 hours on: (i) Dex-
trose Agar (DA) containing (g/{) dextrose, 15;
Yeast extract (Oxoid), 1; NaNQ,, 2; KH,PO,, 1;
MgS0,, 0.5; KCI, 0.5, mycological peptone
{oxoid), 2; and agar (Difco), 20; (/) Nutrient
Agar (NA) containing nutrient broth (Oxoid)
supplemented with 2% agar; and (i) Glycerol
Agar (GA) of the same composition as DA but
dextrose replaced by 25ml of glycerol. The pH
of the media was adjusted to the optimum pH

* Departamento de Tecnologia de Alimentos e de Medicamentos, Centro de Ciéncias Rurais e de Tecnologia, Fundagéo
Universidade Estadual de Londrina, Caixa Postal 2111, 86100 Londrina PR, Brasil.
** Department of Botany and Microbiology, University College London, Gower Street, London WC1E 6BT, U.K.
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Table 1 — Optimum pHs for the growth of different orga-
nisms tested

Medium'

Organism
DA and GA NA

Candida gelida YS 66

B 5.6 UB5.0
Cryptococcus albidus YS 5 UB 5.6 UB5.0
Cryptococcus albidus NCYC 446 UB 5.6 UB 6.0
Rhodotorula rubra YS 80 UB 5.6 UB5.0
Rhodotorufa rubra NCYC 142 B 6.0 UBb.6
Trichosporon pullulans YS 17 UB 6.0 UBb5.6
Trichosporon pulflulans NCYC 477 UB 5.6 UB5.0

1. DA = Dextrose yeast extract peptone agar
NA = Nutriente agar (nutrient broth at the optimum pH
of the organisms supplemented with 2% agar)
GA = Glycerol yeast extract peptone agar
B = The medium was prepared in the citrate phospha-
te buffer of that pH
UB = The medium was prepared in distilled water and

the pH adjusted

of the individual organism (Table 1), before ad-
ding the agar. Four plates of the each of the
above media were used for each organism.
Thus a total of 12 plates to each organism were
used. The psychrophiles were incubated at
10°C and the mesophiles at 25°C.

Isolation and characterization of the capsule —
After 48 hr, the organisms were scraped off the
surface of agar, taking care that no agar was
dug, washed four times by centrifuging and re-
suspension in sterile distilled water to remove
any adhering agar, and then various methods
were tried to separate the capsule (2, 3, 4). The
best isolation, however, was obtained by sha-
king the above described washed culture in
200m| of sterile distilled water in flasks of 500ml
capacity for 72 to 96 hrs. Then 1% phenol was
added to kill the cells, flasks shaken subse-
quently for 1 hr after which the suspension was
centrifuged under refrigeration to remove the
cells. Thus obtained supernate was made cell
free by filtering through Whatman number 43
filter paper. The clear cell free supernate was re-
duced to 1/10 volume, pH adjusted to 7.0, 1%
sodium acetate added to it and the capsular
material (CM) precipitated by slowly adding six
volumes of cold absolute ethanol with constant
stirring. The CM was concentrated by repeated
centrifuging and precipitation. Finally a 10%
soln of CM in distilled water was hydrolyzed
with 6N HCI for 18 hrs at 100°C, washed 10 ti-
mes with sterile distilled water and thereafter
redissolved in sterile distilled water to give origi-
nal concentration. Descending chromatograms
were run using butanol: acetic acid: water

{70:20:10) solvent (7) for 42 hrs, dried at 70°C
and developed using AgNO;-acetone (8) and
NaOH-ethanol developer (11). Rf values and
composition of CM were noted for each orga-
nism and medium.

Resuits & Discussion

The unhydrolyzed CM gave a positive thymol
test indicating it to be a polysaccharide. The
qualitative composition of individual monosac-
charide constituents of this polysaccharide for
each organism and medium has been presented
in Table 2.

A very prominent observation made was the
complete absence or presence of one or more
of the monosaccharides in all the organisms
grown in a particular medium. For example, in
all the organisms grown on NA, arabinose and
fucose were absent, but when grown on GA,
galactose, glucose and ribose were present.
This is perhaps related to the metabolism of the
organism on a particular carbohydrate or car-
bon source.

Furthermore it was observed that although
certain monosaccharides were common in both
meso and psychrophiles, differences did exist
in the composition of the polysaccharide of
each of the organism. The best example of this
phenomenon is presented by the mesophilic
and psychrophilic strains of Crv. albidus. (i) On
one hand was observed the complete absence of
arabinose and fucose in all the media but ab-
sence of only fructose, galactose and xylose in
the celis grown on DA, on the other the latter
three monosaccharides were present in the
cells grown on GA. {ii) In cells grown on NA,
whereas fructose was present but ribose was
absent in case of psychrophilic Cry. albidus {YS
5), in mesophilic Cry. albidus (NCYC 446) just
the opposite was true. Similarly absence of ga-
lactose and glucose was observed in the cells of
Rhodotorula rubra YS 80 grown on NA, but the
same monosaccharides were present in meso-
phile (INCYC 142). Mariy similar instances of the
effect of psychrophily on the qualitative com-
position of the monosaccharides within the sa-
me genus can be seen in the data presented in
Table 2. Based on the observations presented
(in Table 2), we conclude that although
psychrophily also shows some influence on the
quality of the monosaccharide composition of
the polysaccharide of the yeasts investigated in
the present communication, the degree of af-
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Table 2 — Monosaccharide composition' of the extracellular capsule of the organisms tested

Monosaccharides’
Organisms Medium?
Arabinose Fructose Fucose Galactose Glucose Raffinose Ribose Xylose

DA - - - - + + -
Candida gelisa YS 66 NA - - - + - + +

GA + - + + - + -

DA - - - - + + -
Cryptococcus albidus YS 5 NA - - + + -

GA - - + + + +

DA - - - + + = =
Cryptococcus albidus NCYC 446 NA - -~ + + + + +

GA - - + + - +

DA - - - + + - -
Rhodotorula rubra YS 80 NA - - - - + + +

GA - - + + - + -

DA - - - + - + -
Rhodotorula rubra NCYC 142 NA - - + + - + +

GA - - + + + + -

DA - - - + - - +
Trichosporon pullulans YS 17 NA: - — + +

GA - - + + - -

DA + + + —
Trichosporon pullulans NCYC 477 NA - - + +

GA + -

-+ = Present
absent

% DA = Dextrose yeast extract peptone agar at the optimum pH of the organism

<
’)>
|

fect is almost negligible as compared to that of
the carbohydrate constituent of the medium.

Results reported here on the presence of ga-
lactose and glucose in Candida; fructose, ga-
lactose, glucose, ribose and xylose in Cry. albi-
dus and presence of galactose but absence of
fucose in Rh. rubra were in agreement with ear-
lier reports (1, 3, 5, 6). The differences howe-
ver, can be attributed to the use of different
species.
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