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One Enzyme Makes a Fungal Pathogen, But Not a 
Saprophyte, Virulent on a New Host Plant 

Certain genes of Nectria haematococca, a fungal pathogen of pea (Pisum sativum), 
encode pisatin demethylase (pda), a cytochrome P-450 monoxygenase that detoxifies 
the phytoalexin pisatin. Because pda is required by N. haematococca for pathogenicity 
on pea, pisatin helps defend pea against N. haematococca. The possibility that pisatin is a 
general defense factor-that is, that pda can confer pathogenicity to fungi not normally 
pathogenic on pea-was investigated. Genes encoding pda were transformed into and 
highly expressed in Cochliobolus heterostrophus, a fungal pathogen of maize but not of 
pea, and in Aspergillus nidulans, a saprophytic fungus, neither of which produces a 
significant amount of pda. Transformants contained at least as much pda as did wild- 
type N. haematococca. Recombinant C .  heterostrophus was normally virulent on maize, 
but it also caused symptoms on pea, whereas recombinant A. nidulans did not affect 
pea. Thus, phytoalexins can function in nonspecific resistance of plants to microbes; 
saprophytes appear to lack genes for basic pathogenicity. 

0 NE HYPOTHESIS CONCERNING 

the cause of plant disease is that the 
successhl pathogen can prevent or 

disarm plant defenses. Among the best 
known &ant resDonses to a stress such as 
microbial attack is the synthesis of antimi- 
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crobial secondary metabolites called phyto- 
alexins. Fungal detoxification of a plant's 
phytoalexins has been suggested as a general 
mechanism for circumventing phytoalexin- 
mediated plant defense (1). 

The filamentous ascomycete Nectvia hae- 
matococca Berk. and Br. mating population 
VI (anamorph: Fusavium solani) is a patho- 
gen of pea and uses the detoxification strate- 
gy, since it can degrade the pea phytoalexin 
pisatin to a less toxic compound (1). This 
detoxifying activity is due to a substrate- 
inducible cytochrome P-450 monoxygenase 
called pisatin demethylase (pda). Data, 
based on analyses of progenies in which Pda 

is segregating, confirm that pda is necessary 
for pathogenicity (1). Moreover, when a 
cloned gene (PDA- T9) encoding pda (2) is 
transformed into a nonpathogenic Pda- 
strain of N ,  haematococca, the recombinant 
strain can attack pea (3). These results indi- 
cate that pda is required by AT. haematococca 
for pathogenicity on pea and that pisatin 
itself is a plant defense factor. 

We designed experiments to assess the 
role of pisatin in defense of pea against hng i  
not normally pathogenic to pea. Genes en- 
coding pda (2, 4-8) were transformed (7- 
10) into Cochliobolus hetevostvophus, a patho- 
gen of maize but not pea, and Aspevgillus 
nidulans, a saprophyte, by means of vectors 
(4-8) and strains (1 1-14) designed for this 
purpose. To achieve overexpression of pda, 
we chose transformants with high copy 
numbers of the transforming plasmid in 
their genomes (1 5-1 7 ) .  A C. hetevostvop hus 
transformant (strain C2-P) and an A. nidu- 
lans transformant (strain UCD1-P), which 
carried 18 and 12 copies of the transforming 
plasmid (16, 18, 19), respectively, were used 
for further experiments. Control C.  hetevo- 
stvophus transformant C2-V and A, nidulans 
transformant UCD1-V each contained com- 
parable numbers of the respective vectors 
alone ( 15-1 7). 

~ a t e s  of pisatin demethylation by trans- 
formants C2-P and UCD1-P were equal to 
or greater than those of the highly viklent, 
rapidly demethylating N. haernatococca wild- 
type strain N77-2-3 (Figs. 1 and 2). Strains 
C2, C2-V, UCD1, and UCD1-V had back- 
ground pda levels 0 to 7% of those of 
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induced strain N77-2-3. In strain N77-2-3, C .  heterostrophus and A. nidulans lack trans- phus and A.  nidulans, we assessed virulence 
pda was inducible by pisatin as previously acting factors present in N. haematococca. on pea plants by using the standard assay 
reported (20), but was constitutively pro- Glucose repressed pda in strain UCDl-P developed for N. haematococca (21). Cochlio- 
duced in strains C2-P and UCDl-P. It (Fig. 2), as it does in strain N77-2-3 (20), bolus heterostrophus strain C2-P caused lesions 
appears that either the fragment (4-8) of N. but not in strain C2-P (Fig. 1). 60 to 350% larger than those produced by 
haematococca DNA encoding pda lacks cis- To evaluate the potential pathological sig- the control strain C2-V or by A. nidulans 
acting sequences for pda regulation or that nificance of high pda activity in C .  heterostro- strains UCD1-P or UCD1-V (Fig. 3). Thus, 

high pda production alone allowed C .  heter- 
ostrophus to cause significant damage to pea 

6 sterns, although the lesions were smaller (20 
to 30% of the size of N77-2-3 lesions), 
more shallow, and lighter brown than those 

Fig. 1. Pisatin demethylase = caused by strain N77-2-3. In contrast, A. 
(pda) production by N. hae- 
tnatocorca and transformed $ nidulans strain UCD1-P made no significant 
C. hererosrrophus. Mycelial lesions, like control strains UCDl-V (Fig. 
suspensions (30 mglml, O 3) and UCDl. 
fresh weight) in 50 mM po- The foregoing experiments allowed us to 
tassium phosphate bu&r 
(pH 6.5) were treated for 

evaluate the effect of a fungal pathogenicity 

the times indicated with un- g 2 
gene product in a foreign host. High pda 

labeled pisatin (0.1 mM) or a production alone appeared to enhance the 
glucose (or both) in 0.5% ability of the maize pathogen C .  heterostro- 
dimethyl sulfoxide (DMSO) 1 phus to attack pea, under our experimental 
or 0.5% DMSO. The rate of 
demethylation of 0.1 mM conditions, while not affecting virulence to- 
[3-O-merhyl-'4C] pisatin o ward its own host (22). But high production 
over a 20-min ~nterval was of pda was not sufficient to alter the pheno- 
then assayed (24). Time (hours) type of an auxotrophic strain of the sapro- 

phyte A. nidulans on pea plants. This lack of 
pathogenicity is probably not due to glucose 
repression of pda in strain UCD1-P, since 
pda is also glucose repressible in N. haemato- 
cocca and other pea pathogens (1, 20). Rath- 
er it seems that C .  heterostrophus has basic 
genes (as yet unknown) for pathogenicity 
that the saprophyte A. nidulans lacks. This 
study and others (1) indicate that high viru- 
lence of N. haematococca on pea requires 
several gene products, one of which is pda. 
These conclusions demonstrate the utility of 

Fig. 2. Pisatin demdy- heterologous gene expression in molecular 
lase production by analysis of the plant-microbe interaction, 
N. haematococca and trans- shown also for Rhizobium plant systems (23). 
formed A. nidulans. Assays 
were performed as de- 

Time (hours) scribed in Fig. 1. 
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Interleukin- 1 Costimulatory Activity on the 
Interleukin-2 Promoter Via AP- 1 

Interleukin- 1 (IL- 1) is a major regulator of inflammation and immunity. IL- 1 induces 
T lymphocyte growth by acting as a second signal (together with antigen) in enhancing 
the production of interleukin-2 (IL-2). An IL-1-responsive element in the promoter 
region of the human IL-2 gene was similar to the binding site for the transcription 
factor AP-1. IL-1 enhanced expression of c-jwn messenger RNA, whereas the antigenic 
signal enhanced messenger RNA expression of c-fos. Thus, the two components of the 
AP-1 factor are independently regulated and the AP-1 factor may serve as a nuclear 
mediator for the many actions of IL-1 on cells. 

I L-1 AFFECTS MANY CELL TYPES; IT IN- 

duces the acute phase response of hepa- 
tocytes, fever mediated by the hypothal- 

amus, and fibroblast and T lymphocyte 
growth [reviewed in ( I ) ] .  An IL-1 receptor 
has been cloned and characterized (4, but 
little is understood of the intracellular mech- 
anisms mediating the action of IL-1 (3). 

We examined the nuclear basis of IL-1 
action on T cell activation. The mouse T 
lymphoma LBRM-331A5 (LBRM) reflects 
the two-signal requirement of normal T cells 
(4) in the competence phase of lymphocyte 
activation. One signal is derived from anti- 
gen engaging the T cell receptor [mimicked 
by phytohemagglutinin (PHA)], the second 
signal is provided by IL-1 via a high-affinity 
receptor (2). These two signals result in IL-2 
production, which is regulated at the level of 
transcription ( 5 ) .  

Activation of the IL-2 gene appears to be 
mediated through a transcriptional enhancer 
region between - 548 and + 52 upstream of 
the transcription start site [reviewed in (6)]. 
The enhancer region of the human IL-2 
gene is 85% homologous with the mouse 
IL-2 gene, which permits expression in mu- 
rine cells. T o  look for an IL-1-responsive 
element on the IL-2 promoter, we used the 
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-548- to + 39-bp region of the human IL-2 
gene linked to the chloramphenicol acetyl- 
transferase (CAT) indicator gene (7) ;  this 
construct, termed "IL-2-CAT," was tran- 
siently transfected into LBRM cells. The IL- 
2-CAT construct responded to IL-1 plus 
PHA six- to sevenfold above controls of PHA 
alone or IL- 1 alone (Table 1). Control experi- 
ments with plasmids that contained enhancer 
elements of the Rous sarcoma virus up- 
stream of reporter genes (pRSV-luciferase 
or pRSV-CAT (9, 10) did not increase 
luciferase or CAT activity in response to IL- 
1 (8); thus, IL-1 had no nonspecific effect 
on viability, transfection efficiency, or stabil- 
ity of CAT mRNA or protein. 

To identify the IL-1-responsive element 
within the -548- to +39-bp enhancer re- 
gion, we constructed 5' deletion mutants of 
IL-2-CAT and transiently transfected 
LBRM cells. The -218 to +39 fragment 
retained full IL-1 responsiveness (about six 
to seven times background PHA stimula- 
tion) (Table 1A). Therefore, the region 3' to 
-218, which must harbor an IL-l-respon- 
sive element, was examined with internal 
deletion mutants. The deletions - 107 to 
-76 or -83 to -42 contained one of the 
two recently defined T cell receptor-respon- 
sive elements (-93 to -63) ( l l ) ,  and had 
about 50% of the CAT activity of the full- 
length IL-2-CAT, although an IL-1 re- 
sponse was maintained; this was expected, 
since PHA delivers its signal via T cell 
receptors, as verified by antibodies against 
the CD-3 complex, which mimic the PHA 
effect on this cell (8). The deletion -218 to 
- 176 abrogated the IL-1 effect (Table lB), 
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