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Analyses of wound and pathogen signal transduction mediated by WIPK, a
EH mitogen- activated protein kinase from tobacco.
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Mitogen-activated protein (MAP) kinase cascade is a conserved pathway in all eukaryotes,
which plays pivotal role in transducing extra-cellular signals to evoke various cellular and nuclear
responses. It consists of 3 components, MAPKKK, MAPKK and MAPK; among which MAPK is the
best characterized. Many members involved in this cascade have been isolated from Arabidopsis,
‘tobacco, parsley, alfalfa and other piant species, and characterized in relation to cell regulation,v
varioﬁs biotic and abiotic stresses.

| The aim of this study is to investigate the regulation and function of WIPK, a wound-induced
protein kinase from tobacco. It was first isolated by differential display from a ¢cDNA library of
tobacco leaves infected with tobacco mosaic virus (TMV), and reported to be transciptionally and/or
post-translationally activated by mechanical wounding, elicitor treatments, and gene to gene specific
pathogen response (Avr9/Cf-9). Analysis of WIPK over-expressing transgenic plants suggested that
it played a role in transducing the extra-cellular signals through the jasmonic acid pathway, which
subsequently activated the downstream defense genes. As WIPK is a multi-stress responsive gene,
examination of its transcriptional regulation and protein function will serve as a good model to
understand the compléx stress signal pathways and the cross-talks within them.

In this study, I first conducted promoter analysis, which is described in chapter 1, to define cis-
elements for wound- and pathogen responses and also to determine secondary signals that might be
involved in the regulation of WIPK gene. In this chapter, I first described isolation of the promoter
region, then consﬁ*uction of full-length and 5'-truncated promoter-GUS tobacco transgenic plants.

Secohd, I analyzed the GUS expression of these plants to determine essential promoter regions.




Finally, I investigated effect of jasmonic acid and salicyclic acid on transcription regulation of
WIPK. From these analyses, [ determined a 430 bp promoter region which was sufficient to confer
both wound- and pathogen responses to the reporter gene. In addition, I observed that WIPK was
expressed exclusively around the wounded area and lesion area (leaves showing hypersensitive
response to TMV infection), which supported its roles in these signal pathways. I also found that
salicyclic acid (SA) was able to induce the expression of WIPK, which is the first relgbi‘t describing a
secondary signal for WIPK gene induction.

In order to understand function of WIPK, I used a yeast two-hybrid screening to isolate proteins
that interact with WIPK. In chapter 2, I described isolation and characterization of a positive clone
that encoded a WIPK interacting protein, and designated NtWAF (Nicotiana tabacum WIPK-
associated factor). NtWAF transcripts showed similar temporal induction profile as those of WIPK
upon wounding and activation of hypersensitive response, which supported the roles of these
proteins in both signal pathways. The N-terminal of NtWAF contained a putative B3 type DNA
binding domain similar to those of Arabidopsis auxin responsive factor. Moreover, transient assay in

BY2 cells also indicated that the middle region of NtWAF conferred trans-activation activity when
| fused with a GAL4 DNA binding domain. This implied it to be a putative transcription factor.
Domain dissection aﬁalysis by yeast two-hybrid system indicated that the C-terminal of NtWAF
interacted with WIPK and its own N-terminal, which suggested that the invivo interaction of these
two proteins is a complex and highly regulated process. It was observed that the kinase deficient
mutant of WIPK protein was unable to interact with NtWAF. Taken together these results, it is
proposed that upon perception of extra-cellular signals, WIPK is phosphorylated, and interacts with

NtWAF - a putative transcription factor, which then regulates other defense-related genes.
In conclusion, this study has provided new insights in the regulation and function of WIPK,
which may play a critical role in defense signaling pathway. My finding will ultimately contribute to

‘a better understanding of the regulation mechanisms of plant defense system.
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AEFFE T, N2 OHRGENHSEBETENTH 5 WIPK O FEBI 86
RIS ORIV EDORIEEB TIeo72. WIPK ZEEMICAREINS
MAPK O—#T, YNV E) VEBAAREROEERFELT, BREEROE
LEbNh3,

oI 2 iR ALIC T2 o TnD, E1ETII WIPK 7YO0%—4 — D 2B 2
2olz, WIPK BEFO70OE—4% — % TAIL-PCR THEL, £
(1122bp) BXY, 3FEHEOT 4 V—arrao—22ERLE, LUC 2k
BRIV RTvEAE GUS KEB NI AT v MO T v A1
Z2frolz. TORR, BERBARAD LR 430bp B, BEEREEIINET
BUALVAY NS A I EE2DEED, NARBERZ ZDOBRREN, =
DEBUTN L, WIPK ZEBIT 2 2 LRI NL, FB2ETIE, 71— b two
hybrid RZHWT, WIPK IZHAT 25 2NV EERE L. NIWAF &40
J72Z0F 2 N7EIX 648 O I JBRNSIR0, BHSMMNIELS 3 DOMEEMN
5725, CERUGHNICIE WIPK E#AET 2B, PRICIIREEELEE, NXK
SN IE DNA FEEEENEFEAET 5. NtWAF 13U BhE iz WIPK I2D &
WAL, INSOfTEEL T, WIPK 3R EES 7V FIV 22T, U B
XN, BERFTHS NIWAF Z2HEHET 2 2 ENTFEINZ. 205 OB
5% LT, MAPK OFRBIFIHIEE, B5ERTEOEEESICK2mEE R
BRI EMNH S N T o 7.

PlEDXDic, Kl INETH SN TN o/, MAPK I A7 — KD
T BT 2HRATRTOMREZHSEN LSO T, L. NHEERT 2
ETAMDIRLTZN, Ko TEERB ML, KWL IN1TFH11>
A) DA E LU TliESH 25D ERBD .



