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Systemic acquired resistance (SAR) is a state of heightened 
defense which is induced throughout a plant by an initial infection; 
it provides long-lasting, broad-spectrum resistance to subsequent 
pathogen challenge. Recently we identified a phloem-mobile signal 
for SAR which has been elusive for almost 30 years. It is methyl 
salicylate (MeSA), an inactive derivative of the defense hormone, 
salicylic acid (SA). This discovery resulted from extensive charac-
terization of SA-binding protein 2 (SABP2), a protein whose high 
affinity for SA and extremely low abundance suggested that it might 
be the SA receptor. Instead we discovered that SABP2 is a MeSA 
esterase whose function is to convert biologically inactive MeSA in 
the systemic tissue to active SA. The accumulated SA then activates 
or primes defenses leading to SAR. SABP2’s esterase activity is 
inhibited in the initially/primary infected tissue by SA binding in 
its active site; this facilitates accumulation of MeSA, which is then 
translocated through the phloem to systemic tissue for perception 
and processing by SABP2 to SA. Thus, while SABP2 is not the SA 
receptor, it can be considered the receptor for the SAR signal. This 
study of SABPs not only illustrates the unexpected nature of scien-
tific discoveries, but also underscores the need to use biochemical 
approaches in addition to genetics to address complex biological 
processes, such as disease resistance.

For over a century, naturalists and scientists have observed 
that plants which survive an initial pathogen attack often develop 
enhanced resistance to subsequent infections. Systematic studies 
by Frank Ross in the early 1960s demonstrated that prior infec-
tion of tobacco plants by Tobacco Mosaic Virus (TMV) enhanced 
resistance in the systemic tissue to subsequent challenge by TMV 
or other pathogens, which he termed systemic acquired resistance.1 
In the later 1970s Kuc and others showed that development of SAR 
required movement of a signal made in the primary infected tissue 
through the phloem to the distal systemic tissue.2

More recent studies starting in 1990 indicated that SA plays 
a critical role(s) in plant disease resistance.3-5 For the past decade 
and a half we have used biochemical and genetic approaches to 
identify the components and molecular mechanisms involved in 
SA-mediated signal transduction. One approach was to biochemi-
cally identify proteins in tobacco which bound SA, with the hope 
that some would be SA effectors or targets and at least one would be 
a receptor for SA. This led to the identification of catalase, ascorbate 
peroxidase, SABP3, which is the chloroplastic carbonic anhydrase, 
and SABP2.6-9 SA inhibits catalase’s and ascorbate peroxidase’s H2O2 
scavenging activities; this inhibition may contribute to the oxidative 
burst that occurs after infection by avirulent microbes and the subse-
quent alteration in cellular redox state that facilitates relocation of the 
positive regulator protein NPR1 from the cytoplasm to the nucleus 
for activation of SA-responsive defense genes, such as PR-1.5,10 
While SA does not appear to alter carbonic anhydrase’s activity, 
altering carbonic anhydrase synthesis suppressed defense responses 
and/or disease resistance.9,11,12

SABP2 is a very low abundance (10 fmol/mg), soluble protein of 
~30 kDa that exhibits high affinity for SA (Kd = 90 nM).7 Because 
these properties suggested that SABP2 might be an SA receptor, we 
spent five years and overcame several setbacks to purify this protein 
and clone its gene.13 One major setback was a dramatic reduction 
and eventual discontinuation of funding by the National Science 
Foundation (NSF). This discontinuation reflected in part the 
historically low grant funding levels at U.S. government agencies 
due to the Iraq war. Another obstacle was the prevailing attitude that 
biochemical approaches were inefficient/ineffective. Indeed, some of 
the grant reviewers questioned why we were wasting our time using 
such a challenging approach when genetics would eventually reveal 
SABP2 function. Despite these obstacles, we succeeded in partially 
purifying SABP2, cloning its gene, and demonstrating that SABP2 
has esterase/lipase activity and is involved in disease resistance, 
including SAR.13

The second major breakthrough on the SABP2 project involved 
using a combination of biochemistry, enzymology and biophysics. 
X-ray crystallography revealed that SA was bound in SABP2’s 
active site; this suggested that SA binding would lead to inhibition 
of SABP2’s esterase activity as its active site is too small to accom-
modate both its substrate and SA. Biochemical analyses confirmed 
this hypothesis and also established that MeSA is SABP2’s likely 
substrate.14 Subsequent studies confirmed that MeSA is SABP2’s 
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in planta substrate, while grafting experiments revealed that SABP2 
is required in the systemic tissue for perception/processing of the 
SAR signal but not in the primary infected tissue for generation of 
the SAR signal.15 Structure-function analyses, based on SABP2’s 
enzymology and 3-D structure in complex with SA, revealed that 
SABP2’s MeSA esterase activity is required in the systemic tissue 
while SABP2’s SA-binding activity and the resulting feedback inhibi-
tion of its MeSA esterase activity are needed in the primary infected 
tissue for an effective SAR response. Together these results argued 
that MeSA is the long-sought mobile SAR signal. This was confirmed 
by quantification of MeSA and SA in the primary infected tissue, in 
phloem exudates from this tissue and in the systemic tissue of wild 
type and SAR-deficient mutant or transgenic plants. This conclusion 
was further supported by the demonstration (via RNAi-mediated 
gene silencing) that the enzyme responsible for MeSA production 
from SA, SA methyl transferase, is required in the SAR signal-gener-
ating, primary infected tissue, but not in the systemic tissue.15

Subsequent analyses strongly suggests that MeSA also is an SAR 
signal in Arabidopsis16 and potato (Manosalva P, Park SW, Klessig 
DF, unpublished results). Since Arabidopsis contains five MeSA 
esterases and most of these must be silenced in order to inhibit SAR 
development,16 classical genetic analyses did not and would not have 
revealed the role of these genes in SAR. In sum, the results of this 
15 plus year project illustrate that persistence, even in the face of 
adversity, may be necessary to succeed, and it can pay off in rather 
unexpected ways. Our results also demonstrate that it is important 
to use biochemical and biophysical approaches, in combination with 
genetics, to explore complex biological processes.
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