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Abstract

Tuberculina persicina was found in association with aecia sori, aeciospores and
plant cells infected with rust fungi. The hyphae of T. persicina grew between aecio-
spores making contact with them and finally causing degradation of affected
spores. The hyperparasite was also occasionally seen to penetrate the plant tissue
and appeared to cause rapid killing of plant cells infected with rust. The destruc-
tion of plant cells and aeciospores by T. persicina is probably the result of fungus en-
zymes action.
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Introduction

Tuberculina persicina is common parasite of aecial stage of many species of rust
fungi. It was first reported to be associated with Aecidium circaeae as a Tubercularia
persicina (Ditmar 1817). Saccardo (1880) has established new name Tuberculina
persicina, which is in operation until the present day.

Tuberculina persicina is most commonly observed as violet or purple sporodochia
produced in aecial sori, and near them as well.

The information concerning morphology of the hyperparasite, as well as its bio-
logical specialization, can be found in the literature published sporadically in dif-
ferent countries (Hulea 1939, Barkai-Golan 1959). However, the anatomy of
parasitic contact between T. persicina and rust fungi mycelium has been recently ex-
amined by Lutz et al. (2004) and Bauer et al. (2004). They clarify some aspects of T.
persicina-rust contact and infer the phylogenetic position of Tuberculina species.
Similar study concerning explanation of interfungal relationship have been per-
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formed with T. maxima by Wicker and Woo (1969, 1973). They examined changes
in pine tissues infected by Cronartium ribicola and T. maxima.

This study reports on the ultrastructural morphology of the host-parasite inter-
face and it seems to be the second explanation of the parasitic mode of T. persicina.

Materials and methods

Samples of Berberis vulgaris and Urtica dioica leaves infected with Puccinia graminis
and P. caricina as well as T. persicina were collected from the experimental field of
Warsaw Agricultural University. For light and transmission electron microscopy
(TEM) studies infected leaves were cut into small fragments (3 X 3 mm) and fixed
for 2 h in 4% paraformaldehyde and 5% glutaraldehyde in 0.2 M cacodylic buffer
(pH 7.0) at 4°C. After several rinses in buffer, the samples were post-fixed with 2%
Os0, in the same buffer for 2 h. Samples were dehydrated in a graded series of eth-
anol and embedded in Epon 812. Polymerisation lasted 24 h at 60°C.

Sections were cut on a Ultracut E (Reichert) microtome. Microsections for light
microscopy (1 pm) were stained with methylene blue 2% and viewed with BX 50
Olympus light microscope. Ultrathin sections were mounted on copper grids,
stained for 20 min in uranyl acetate and Reynold’s citrate for 30 min and finally ex-
amined in a JEOL JEM 1220 in the Laboratory of Electron Microscopy of the War-
saw Agricultural University.

Results

Sporodochia of T. persicina were found in association with aecia sori, aecio-
spores and plant cells infected with rust fungi. The hyperparasite colonized imma-
ture, closed aecia or mature, open aecia completely covering or filling them with
purple-violet masses of conidiophores and spores (Phots 1, 2, 3).

The hyphae of T. persicina growing in immature aecia make formation of aecio-
spores impossible (Phot. 3). However, the hyphae growing in mature aecia be-
tween aeciospores of rust fungus make contact with them and finally cause
shrivelling and collapsing of the affected aeciospores (Phots 5, 6). A hypha of my-
celium which was observed inside an aeciospore suggests that hyperparasite can
penetrate these spores (Phot. 7). The cross section studies of plant tissue infected
with rust and T. persicina show that hyphae of the hyperparasite grow through the
entire plant tissue between spermogonium (rust pustule forming on the upper
surface of the leaf) and aecium (forming on the lower surface of the leaf) (Phot. 4).
The hyperparasite was also occasionally observed to penetrate the plant tissue, and
it appeared to cause rapid killing of plant cells infected with rust (Phot. 8). Simul-
taneously the observation of plant cells infected only with the rust fungus revealed
only gradual pathological effects of the rust. There was no evidence of rapid mas-
sive digestion of rust infected plant cells (Phot. 9).
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Phot. 1. Sporodochia of Tuberculina persicina in open (mature) aecia of Puccinia caricina
on Urtica dioica (photo by A. Bartkowska)
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Phot. 2. Cross section through a sporodochium of Tuberculina persicina in open (mature)
aecium of Puccinia graminis (photo by A. Bartkowska)
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Phot. 3. Cross section through a sporodochium of Tuberculina persicina formed on a closed
(immature) aecium of Puccinia graminis from Berberis vulgaris (photo by A. Bartkowska)

Phot. 4. Cross section through the Berberis plant tissue overgrown by Puccinia graminis
and Tuberculina persicina hyphae. There is a sporodochium of T. persicina visible
on the top (left arrow) and cells of palisade tissue with haustorium of the rust
fungus on the lower side of the leaf (right arrow) (photo by A. Bartkowska)
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Phot. 5. A part of aecium of Puccinia graminis
overgrown by Tuberculina persicina hyphae;
A — aeciospore, B — hyphae (scale bar: 5 um)
(photo by A. Bartkowska)

Phot. 6. An aeciospore collapsed due
to the growth of Tuberculina persicina hyphae
(scale bar: 1 pm)
(photo by A. Bartkowska)
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Phot. 7. A single hypha of Tuberculina persicina penetrates inside a collapsed aeciospore (arrow)
(scale bar: 2 um) (photo by A. Bartkowska)
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Phot. 8. Hyphae of Tuberculina persicina (h) and Puccinia graminis growing around
the plant cell (circle) infected by rust fungus — a haustorium visible inside the cell (arrow)
(scale bar: 2 um) (photo by A. Bartkowska)
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Phot. 9. Plant cell of Berberis vulgaris infected with the rust fungus; H - haustorium
(scale bar: 2 um) (photo by A. Bartkowska)
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Discussion

The above described observations appear to be the second ultrastructural inves-
tigation of the relationship of rust fungus and its parasite T. persicina.

Tuberculina persicina is observed in association with numerous rust fungi (Lutz
et al. 2004). However, its parasitic ability to aeciospores of rust fungi as well as the
rust infected plant cells was not examined. A similar study has been performed
with T. maxima by Wicker and Woo (1969, 1973). They reported the ultrastructure
of triple association of Pinus monticola, Cronartium ribicola and T. maxima, describing
the enzymatic mode of action of T. maxima, directed at the rust-infected pine tissue.
Nevertheless, the penetration of aeciospores was not observed by the authors. The
recent ultrastructural studies on T. persicina by Lutz et al. (2004) and Bauer et al.
(2004) demonstrated a different way of parasitism. These authors observed a spe-
cific interaction between T. persicina and Tranzschelia pruni-spinosae consisting in cel-
lular interaction with pores. In this interaction the protoplast of Tuberculina and
rust hyphal cells were fused via large fusion pores (ca 1 um diam.). The present
study does not confirm the above mentioned observation. It demonstrates the
hyphae of T. persicina which appear to penetrate plant tissue causing its rapid degra-
dation. In addition, the penetration of aeciospores by T. persicina hyphae was ob-
served. This suggests that penetration may be due to combined mechanical and
enzymatic processes. Tuberculina persicina is parasitic on aeciospores and rust in-
fected plant cells, secreting enzymes which hydrolyze these cells causing simulta-
neously lysis of rust structures. The absence of specialized penetration structures
suggests that direct penetration of aeciospore may be performed only by vegetative
hyphae. There is no evidence that the penetration is accomplished by digestion of
spore wall. This suggests that cytoplasmic constituents of aeciospore may consist
nutrient material for the hyperparasite. Obviously, the above-mentioned sugges-
tions require confirmation in further investigations.

Streszczenie

BADANIA ULTRASTRUKTURALNE KONTAKTU PASOZYTNICZEGO
TUBERCULINA PERSICINA Z PUCCINIA CARICINA 1 PUCCINIA GRAMINIS

Tuberculina persicina jest pasozytem stadium ecjalnego wielu gatunkow grzybéw
rdzawnikowych. W literaturze $wiatowej brakuje szczegdétowych informacji na te-
mat sposobu pasozytowania T. persicina, s jedynie obserwacje histologiczne nad
podobnym gatunkiem, T. maxima.

Celem pracy byto zbadanie kontaktu pasozytniczego T. persicina z dwoma grzy-
bami rdzawnikowymi: Puccinia caricina i P. graminis. Badania wykonano z uzyciem
mikroskopu $wietlnego i transmisyjnego.

Wstepne obserwacje nie wykazaly powtarzajacej sie obecnosci typowych struk-
tur pasozytniczych, ssawek, wytwarzanych w czasie kontaktu grzybni T. persicina
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z ecjosporami wymienionych grzybéw rdzawnikowych. Analizowane zdjecia suge-
rujg natomiast destrukcyjny wptyw strzepek nadpasozyta na ecjospory oraz pora-
zone przez grzyb rdzawnikowy komorki roélinne, co jest zwigzane przypuszczalnie
z rozktadem enzymatycznym ich $cian.
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