
ty of male gametes confirms that viridiene 
is the pheromone factor mediating chemo- 
tactic approach to the female cell in Syrin- 
goderma. Multifidene was found to be less 
active by a factor of 100. 
This result conforms well with the present 
state of knowledge on brown-algal phero- 
mones outlined above. Ectocarpen, the 
male-attractant of Ectocarpus is found as 
an apparently nonfunctional by-product in 
Cutleria, Laminaria, and Desmarestia. 
A new similar case is now apparent, where 
the attractant of Syringoderma is also 
found as a by-product in the egg secretion 
of Desmarestia. Due to the lack of data 
on sexual reproduction of Syringoderma 
and Desmarestia in the natural habitat it 
is not possible at present to evaluate a pos- 
sible interference of both species on the 
level of sexual pheromones. 

Received July 28, 1982 

1. Mfiller, D.G., etal.: Science 171, 815 
(I971) 

2. Jaenicke, L., et al. : J. Am. Chem. Soc. 96, 
3324 (1974) 

3. Mtiller, D.G., et al.: Science 212, 1040 
(1981) 

4. Mfiller, D.G., Jaenicke, L. : FEBS Lett. 30, 
137 (1973) 

5. Mtiller, D.G., et al. : in preparation 
6. Mtiller, D.G., et al. : Naturwissenschaften 

69, 290 (1982) 
7. Miiller, D.G., etal.: Nature 279, 430 

(1979) 
8. Levring, T. : Kungl. Fysiogr. SS,11sk. Lund 

F6rhandl. 10, 217 (1940) 
9. Collected by A. Whittick, St. John's, New- 

foundland 
10. Henry, E., Mfiller, D.G. : in preparation 
ll. Mtiller, D.G., Gassmann, G.: Natur- 

wissenschaften 65, 389 (1978) 
12. Boland, W., Jakoby, K., Jaenicke, L.: 

Helv. Chim. Acta (in press) 
13. Mtiller, D.G. : Z. Pfianzenphysiol. 80, 120 

(1976) 

Differential Recognition of the Outer and Inner Walls 
of Epidermal Cells by a Rust Fungus 

K. Mendgen 

Fakult~it fiir Biologie, Lehrstuhl Phytopathologie der UniversitS, t, 
D-7750 Konstanz 

Puccinia coronata Cda. f. sp. avenae 
Erikss., the oat crown rust fungus, differ- 
entiates highly specialized infection struc- 
tures to penetrate into the leaf. At first 
the urediospore germ tube grows at right 
angles to the ridges of the cuticle until a 
stoma is encountered. There an appressori- 
um with an infection peg is produced. The 
peg pushes the guard cells apart, penetrates 
into the substomatal chamber and forms 
the substomatal vesicle. From this vesicle, 
infection hyphae emerge (for explanation, 
see Fig. i a). When an infection hypha con- 
tacts a mesophyll cell, a haustorial mother 
cell is differentiated. Eventually a haustori- 
um forms and pushes into a host cell. After 
establishment of the first haustorium, the 
infection hypha branches and more haus- 
torial mother cells with secondary haus- 
toria form. 
A sequence of interactions between host 
and parasite appears to trigger the differ- 
ent phases of infection structure develop- 
ment [1]. It is the germ tube which recog- 
nises the surface structures of the cuticle, 
which in turn orients germ tube growth 
directionally [2]. The outer lips of the 

guard cells appear to induce appressorium 
formation [3], and they thus trigger the 
development of the remainder of the infec- 
tion structure complex: the infection peg, 
substomatal vesicle and infection hypha. 
These latter structures can also be induced 
in the wheat stem rust fungus by heat treat- 
ment [4]. The induction of haustorial 
mother cells and haustoria has not pre- 
viously been possible in vitro, although 
many rust fungi can be cultured artificially. 
This paper demonstrates that haustorium 
formation in a new type of artificial culture 
of oat crown rust is a result of a recogni- 
tion between the walls of host and para- 
site. 
To produce the different stimuli by the 
host, Arena sativa (cultivar Selma), to the 
germinating urediospores of the crown rust 
fungus (Puccinia coronata f. sp. avenae), 
an epidermal layer, stripped from oat cole- 
optiles [5], was spread on a microscope 
slide with either its outer (cuticular) wall 
surface up or its inner wall (mesophyll) 
surface up. The epidermal cell layer was 
floated either on sterile water or on a solu- 
tion of 1% sucrose with 0.1% mineral fer- 

Fig. 1. a) Three-day-old rust mycelium with 
infection structures showing urediospore (u) 

the adhering germ tube has shriveled and 
is out of focus -, appressorium (app) with in- 
fection peg, substomatal vesicle (sv), and infec- 
tion hypha (ih). Many hyphae (h) have formed 
haustorial mother cells with haustoria at their 
terminal ends. The latter cannot be seen in 
this upside view (x 200). b) Secondary haus- 
torium (ha) with haustorial mother cell ( x 600) 

tiliser (Wuxal from Schering A.G., West- 
Berlin, Germany). The inner or outer sur- 
faces of the epidermal strips were inocu- 
lated with urediospores from a field collec- 
tion of the crown rust fungus using a set- 
tling tower. Since these epidermals strips 
had no stomata in the area studied, the trig- 
gering stimulus normally provided by sto- 
mata was replaced by heat treatment (4 h 
at 30 ~ C) beginning 2 h after inoculation. 
Fungal growth was studied by evaluating 
directional growth (=growth at right 
angles to the long axis of epidermal cells) 
of the germ tube, formation of infection 
structures, and formation of haustorial 
mother cells with haustoria at 20 ~ Two 
days after inoculation, directional growth 
of the urediospore germ tubes was much 
more pronounced on the surface of the 
outer side of the epidermal cells than on 
the inner surface (Fig. 2a). Appressoria 
were found only occasionally (2%). Addi- 
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Fig. 2. a) Germ tubes showing directional 
growth (dir.g.), appressoria (app.), substomatal 
vesicles (s.v.), infection hyphae (i,h.), baustori- 
al mother cells (h.m.c.), first haustoria (1. hau) 
and secondary havtstoria (sec.h.) as a percent- 
age of all urediospore germ tubes (g.t.) on the 
surface of the outer wall (~) and the inner 
wall (ca) of an epidermal layer, two days after 
inoculation, 620 germ tubes counted, b) The 
different parts of infection structures, includ- 
ing haustoria, on the surface of the outer (N) 
and the inner (:n) epidermal walls after a heat 
treatment (4 h at 30 ~ 2 h after inoculation), 
six days after inoculation, 950 germ tubes 
counted, c) The different parts of infection 
structures, including haustoria (as above) after 
heat treatment (as above) and addition of a 
sucrose solution with mineral salts to the epi- 
dermal layer, six days after inoculation, 1200 
germ tubes counted 

tion of a solution with 1% sucrose and 
mineral salts to the epidermal strip did not 
alter the results (not shown). After a heat 
shock treatment (Fig. 2b), about 10-20% 
of the germ tubes differentiated appres- 
soria, infection pegs and substomatal vesi- 
cles on both sides of the epidermal cells. 
On the cuticular surface of the epidermis, 

haustorial mother cells formed rarely 
(0.5%) and no haustoria were seen. On 
the surface of the inner wall, haustorial 
mother cells with haustoria were found re- 
gularly, and secondary haustoria were 
found occasionally (1%). Addition of 1% 
sucrose and 0.1% mineral salts to the epi- 
dermal strip resulted in a dramatic increase 
in the number of secondary haustoria pro- 
duced (Fig. 2c). About 4% of germinated 
spores produced mycelium with numerous 
haustorial mother cells and haustoria 
(Fig. 1 a, b). 
Obviously, only infection hyphae form 
haustorial mother cells and haustoria after 
contact with the inner wall of epidermal 
cells, which corresponds to the walls of 
mesophyll cells. Attachment of the rust 
fungus to a mesophyll-type wall may be 
necessary to induce formation of haustori- 
al mother cells and haustoria, as proposed 
for the bean rust fungus, Uromyces pha- 
semi [6]. 
The addition of simple nutrients such as 
sucrose and mineral salts (the latter can 
be omitted, which is not shown here) to 
the system greatly enhanced fungal growth 
and the formation of secondary haustoria. 
Five to ten days later, pustules with over 

120 haustoria and urediospores with 
normal infectivity developed. 
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Chlorthionitren-Komplexe des Rheniums 

U. Mfiller, W. Kafitz und K. Dehnicke 

Fachbereich Chemie der Universitgt, D-3550 Marburg/Lahn 

Thionitrosyl-Komplexe von ()bergangs- 
metallen sind erst seit wenigen Jahren be- 
kannt [t-4]. Auf der Suche nach neuen 
Synthesewegen ffir diese Verbindungs- 
klasse erhielten wir bei der Umsetzung von 
Rheniumpentachlorid mit (NSCI)3 in 
POC13-L6sung den Chlorthionitren-Kom- 
plex 1, aus dem mit Tetraphenylarso- 
niumchlorid der Tetrachloro-di-chlorthio- 
nitren-Komplex 2 entsteht. 2 kann mit 
Galliumtrichlorid in Dichlormethan-L6- 
sung in den sotvatfreien, fiber Chloro- 
Brticken assoziierten Chlorthionitren- 
Komplex 3 fibergefOhrt werden: 

ReC1 s . OPC13 +2/3 (NSC1)3 

ReC13 (NSC1)2- OPC13 + C12 (1) 
1 

1 § AsPhaC1 

cH2c12 ~ AsPh4[ReC14(NSCI)2 ] + POCi 3 (2) 
2 

2 + GaCI a 
cn2c12 ReCI3(NSC1)2 + AsPh 4[GaC14 j (3) 

3 

Die neuen Komplexe sind braune (1, 3) 
bzw. bronzefarbene (2), feuchtigkeitsemp- 
findliche Pulver, die als Vorstufen fiir die 
Synthese yon Thionitrosyl- und Nitrido- 
Komplexen gelten k6nnen. 
Nach den Ergebnissen der Kristallstruk- 
turbestimmung des Komplexes 2, tier mit 
einem Mol Dichlormethan kristallisiert [5], 
sind in dem Anion vier C1-Atome und zwei 
NSC1-Gruppen in cis-Stellung an das ok- 
taedrisch koordinierte Re-Atom gebunden 
(Fig. 1). Sowohl die Re-N-Bindungslfingen 
wie die N-S-Bindungsl/ingen entsprechen 
etwa Doppelbindungen, wfihrend die S-C1- 
Abst/inde als Einfachbindungen aufzufas- 
sen sind. Da die Achse Re-N-S nahezu ge- 
streckt ist und der Winkel N-S-C1 108 ~ be- 
trfigt, 1/iBt sich der Chlorthionitren-Ligand 
dutch die Schreibweise wiedergeben: 

R e e N =  
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