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   Elicitor-induced protein bindings were  detected on  the

several  particular sequence  motifs  in two members  of  the

pea R4L  and  Cms  gene promoters  by in yiyo  footprint-
ing analyses.  However,  elicitor-induced  changes  rapidly

reyerted  back  to the uninduced  pattern after the subse-

quent application  of  suppressor  from  MLpinodes.

Key  words:  Chalcone  synthase  (EC 2.3.1.74) -  Elicitor 
-

In yivo  footprinting -  Phenylalanine ammonia-lyase  (EC
4.3.1.5) -  Pisum  sativum  -  Suppressor.

   In the interaction between  plants and  phytopatho-

gens, plants have eyolved  defense mechanisms  such  as the

production of  antifungal  compound,  phytoalexins, patho-

genesis-related (PR) proteins  and  proteins to strengthen

their cell walls  (for review,  see  Dixon  and  Lamb  1990).

Conversely, pathogens of  compatible  hosts are  well  equip-

ped with  sophisticated  systems  that  allow  them  to cir-

cumvent  the  defenses of  their hosts. Pycnospore  germina-
tion fiuid of  1vaycosphaerella pinodes, a pathogenic fungus
on  pea, contains  both an  elicitor and  a suppressor  for the

plant defense responses  such  as the  accumulation  of

phytoalexin (Shiraishi et al. 1991, 1994, Yamada  et al.

1989).

   Earlier, we  have revealed  by nuclear  run-on  assay  that

the transcriptional rates  of  the genes encoding  phenylala-
nine  ammonia-lyase  (PAL) ancl chalcone  synthase  (CHS),
key enzyrnes  involved in the biosynthesis of phytoalexin in

pea (Pisum sativum  L.), were  rapidly  activated  in re-

sponse  to  elicitor;  in contrast,  suppressor  drastically and

rapidly  deactivated the elicitor-induced  transcription of

these  genes (Kato et al. 1995, Wada  et al. 1995). Further-
more,  we  have shown  that the TATA-proximal regions  of

PSR4Ll.  PSR4L2,  PSCHSI  and  PSCHS2  contain  the

ability  to respond  to elicitor  or suppressor  in transient
transfection  assays  (An et al, 1993, Murakami et al. 1997,

   Abbreviations:  CHS,  chalcone  synthase;  LMPCR,  ligation-
mediated  polymerase chain  reaction;  PAL,  phenylalanine  am-

rnonia-lyase.

i
 To  whom  correspondence  should  be addressed.

88

Seki et al, 1996, 1997, Yamada  et al. 1994). Sequence
comparison  revealed  that these four genes shared  a puta-
tive cis-acting element,  an  AC-rich element  of  Box I in their
TATA-proximal  region  (Ito et  al,  1997, Seki et  al, l997,

Yamada  et al. I992, 1994), Box  I (comparable to Box  L in

parsley RtlL  gene promoters, see Fig.4) was  initially iden-

tified as  an  elicitor-  and  UV-inclucible in vivo  DNA  foot-
print on  the parsley R4Ll  gene promoter  by Lois et al.
(1989), Sequences similar  to Box  lhave  been found  in the

promoters  of  several  phenylpropanoid  genes from  differ-

ent  plant species  including Arabidopsis RtlL  (Ohl et  al.

I990), bean  RtlL  (Cramer et al. 1989) and  CIIS  (Loake et
al.  1992), parsley 4-coumarate:CoA ligase genes (Douglas
et  al. 1991), and  other  parsley R4L  genes (Logemann et al.
1995),
   Recently, we  have  reported  that  the  pea CIIS  genes
forrn a  small  multigene  family with  at  least eight  members,

which  can  be divided into two  major  groups,  an  elicitor-

inducible (PSCHSI'-5 and  PSCHS8)  and  a non-induc-

ible group (PSCHS6 and  PSCIISD  (Ito et al. 1997). In-
terestingly, we  feund  that only  the  elicitor-inducible  group

(PSCIISI--5) shared  an  adjacent  G-Box  and  Box  I at

similar  positions in TATA-proximal  region  (however, the
G-Box  is absent  in PSCIIS2) (Ito et al. 1997, Seki et al.
1997), although  no  information on  the promoter  sequence

of  PSCIIS8  was  yet available, Box  I is also  highly homol-

ogous  to the H-Box  in the bean chs15  gene promoter

(Droge-Laser et  al, 1997, Faktor et  al. 1996, Loake  et  al.

1992) (see Fig. 4), The  presence of  the  adjacent  G-Box  and

Box  IIH-Box  like motifs  near  the TATA-box  is con-

served  in numerous  CHS  gene promoters  (for review,  see

Faktor et al. 1996), and  their importance  as  regulatory

motifs  has been shown  in some  cases.  In the  pars!ey CIIrs

gene, the unit  of  ACECHS  (closely resembles  G-Box)  and

MREC"S  (highly homologous to the Box I in pea RzlL and
CHS  genes, see  Fig.4) is suMcient  to mediate  light-in-

duced expression  (Feldbrugge et  al,  1997, Weisshaar  et  al.

1991). The  ACE"'S  and  MREC"S  were  identified as UV-
induced in vivo  footprints (originally designated as Box  II

and  Box I, respectively)  in the parsley CflS gene promot-
er  by Schulze-Lefert et  al. (1989). A  similar structure  in the
CHSI  promoter  of  white  mustard  has also been demon-
strated  to be essential  for light response  (Kaiser et  al.  1995).
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The  combination  of  the a-Box  and  H-Box  motifs  is
necessary  for transcriptional activation  of  bean chs15

gene by a  phenylpropanoid-pathway  intermediate, p-cou-
rnaric  acid  (Loake et  al, 1992).

   Herein we  report  the results  of  in vivo  dimethyl sulfate

(DMS) footprinting, coupled  with  the  ligation-mediated

PCR  (LMPCR) method,  in two  pea 1ML  (PSR4Ll and

PSR4L2)  and  CHS  (PSCHSI and  PSCHS2)  gene promot-
ers,  in particular, at  the locations of  the Box  I or G-Box

(Fig, 3). To  our  knowledge, the application  of  this in vivo

footprinting method  for the identification of  elicitor-re-

sponsive  elements  has been reported  only  in very  few cases,
as in a member  of  parsley RtlL (Lois et al.  1989) and  PR  1

genes (Meier et al. 1991),

    Our present results  may  be the  first to dernonstrate
elicitor- and  suppressor-induced  changes  in in vivo  DNA-

protein interactions in two coordinately-regulated  mem-

bers of  the  RtlL and  CHS  genes; our  data clarified that the
timing and  duration of  protein bindings to the  conserved

sequence  motifs  were  strictly regulated  in response  to the

elicitor, depending on  the  individual member  of  pea R4L
and  CHS  genes.
    Elicitor-induced changes  in DNA:protein interac-
tions in PSR4L  gene  promoters-To  follow the  appear-

ance  of the elicitor-indueed  footprints, a  time-course  ex-

periment was  performed  (Fig, 1). Etiolated pea epicotyls

were  sliced  longitudinally and  treated  with  elicitor from
MycosphaereUa  pinodes (500 ptg ml-i  glucose equivalent)

for O, 30, 60 or  180min,  In this study,  we  did not

obserye  the distinctive protection at G  residues  but ob-

served  partial protection in elicitor-treated epicotyl  tis-

sues. This is presumed  to be due to the heterogeneous cell

population in the  epicotyl  tissues; all cells  might  not  re-

spond  simultaneously  to signal  molecules  in this system.
In our  preliminal results, water  treatment instead of  the

elicitor  did not  cause  any  signifieant changes  in DNA-pro-

tein interactions within  90 min  after treatment  (data not

shown).  Thus, the  footprints we  have  observed  are  main-

ly clue to the  elicitor-treatment,  not  to the  wounding  itself

(data not  shown).

    We  mainly  focused on  examining  the region  where

Box  I is loeated, ranging  from 
-131

 to -67
 of  the

PSIMLI  (Fig,3a), and  
-190

 to 
-136

 of  the  PSR4L2

gene promoter  (Fig.3b). The  footprints were  induced en

the  BoxImotif  in both  PSR4Ll  and  PSR4L2  gene pro-
moters  by elicitor-treatment.  In PSR4Ll  (Fig. Ia), induc-
ible footprints on  the Box I were  detected at 60 min  after

elicitor-treatment  (compare lane O and  E60); however, they

were  no  longer evident  at  180min  after  elicitor-treat-

ment.  Densitometric scans  of  the  lane O (fi11ed line) and  E60
(dotted line) given below provide more  quantitative com-

parison of  the relative  band  intensities.

    In PSRtlL2  (Fig. Ib), footprints on  Box  I appeared

most  prominent at 180 min  after elicitor-treatment  (com-

pare  lane O and  E180; densitometric scans  of  the lane O

(fi11ed line) and  El80  (dotted line) are  given below).

   These  observations,  together  with  the conservation  of

the  Box  I motif  in a  number  of  phenylpropanoid  genes,
strongly  suggest  that Box  I aets as onc  of  the elicitor-re-

sponsiye  cis-elements  in PSR4L  gene promoters. We  also

found that G  residues  at positions 
-114

 and  
-111

 (up-
stream  from  Box  I), and  

-84,
 
-77

 and  
-74

 (down-
stream  from  Box  I) in PSII4Ll,  appear  to be protected at
60min  after elicitor-treatment  (Fig. Ia). These  sequences

may  also  participate  on  the elicitor-rnediated activation;

complementary  transient  expression  analysis,  however,  will

be indispensable for evaluating  their possible contribution,

   Additionally, in PSR4LI  (Fig. Ia), we  also  detected
the  protection without  elicitor-induction  (compare lane
Naked  and  O) at  G  residues  at  positions 

-123
 and  

-120

(indicated by  open  arrowheads).  Interestingly, the level of
the protection as  observed  in the uninduced-state  (lane O)
was  significantly reduced  by the elicitor-treatment  (see
lane E30 and  E60). Moreover, elicitor-induced  hyper-reac-

tivity at  A  residue  at  position 
-

 122 (indicated by the open

circle) was  detected at  60 min  after elicitor-treatment  (see
lane E60). DMS  reacts  preferentially with  N7  position of

guanines, but, in some  cases, it also  reacts, to a lower ex-

tent, with  the  N3  position of  adenines  (Maxam and  Gilbert
1977, Strauss et  al. 1992, Vernhettes et al. 1997), These

observations  lead us  to speculate  that  the  region  around

-122
 might  be involved in the  negative  regulation  of  the

PSIvaLl  gene expression  in the uninduced-state;  how-
eyer,  the  protein binding is redueed  in response  to the

elicitor-mediated  signai  to facilitate the transcriptional ac-

tlvatlon.

    Elicitor-ind"ced changes  in DNA:protein  interac-

tions in PSCHS  genepromoters-We  examined  the DNA-

protein interactions in the  regions  ranging  from -136  to
-41

 of  the  PSCHSI,  and  from -120
 to -50

 of  the

PSCHS2  gene promoter, As depieted in Fig. 3c and  3d,

PSCHSI  contains  the G-Box and  Box I, and  PSCHS2

also contains  Box I at a  similar  position, In addition,  we
                                            '

also found  consecutive  repeats  of  the  AGCC  sequence  5-

further upstream  of  Box  1 in both PSCHSI  and  PSCHS2,

    In PSCH/Sl  (Fig, 2a), elicitor-induced  footprints were

detected on  Box  I, the  G-Box,  and  the AGCC  motif.  All

these induced footprints were  most  prominent  at 180 min
after elicitor-treatment  (cornpare lane O and  E180; den-

sitometric  scans  of  the lane O (fi11ed line) and  E180  (dotted
line) are  given below),

    Our  previous work  on  the PSCHSI  gene has demon-
strated  that mutations  in either Box  I (base substitution  at

nucleotide  position 
-64

 and  
-63)

 or the  G-Box  (base
substitution  at  nucleotide  position 

-84
 and  

-83)
 com-

pletely abolished  the elicitor-responsiveness  and  reduced

the basal expression  (Seki et  al. 1997), This finding,

together  with  the  result  obtained  from  in vivo  footprint-
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Fig. 1 Elicitor- and  suppressor-induced  changes  in DNA-protein interactions in PSRtlL gene  promoters.  Pea epicotyls  were  treated

with  DMS  in vivo  after O min  (O, uninduced),  30 min  (E30), 60 min  (E60), or  180 min  (E180) of  elicitor-induction  and  after  15 min  of

elicitor-induction  followed by 15 min of  suppressor-treatment  (E15 -
 S30), Lane,  Naked  represents  the protein-free (nakecl) DNA

treated with  DMS  in vitro,  (a) The bottom strand  from 
-131

 to -67 of  PSR4Ll  promoter  was  visualized,  Scanning of  the footprint
is shewn  below (fi11ed line represents  lane O and  the dotted line represents  lane E60), Closed  arrowheads  represent  the position of
elicitor-incluced  protections from  DMS  methylation,  Open  arrowheads  and  the open  circle  represent  the position of  elicitor-induced

enhancements  ef  DMS  methylation  at  G  (-123 and  
-120)

 or  A  (-122) residue,  respectively.  (b) The  bottom strand  from  
-190

 to
-

 136  of  ASR4L2  promoter  was  visualized.  Scanning of  the footprint is shown  below (fi11ed line represents  1ane O and  the dotted line
represents  lane EI80. Closed arrowheads  represent  the position of  elicitor-induced  pretectiens from DMS  methylation.  The extent  of

the putative cis-elements  mentioned  in the text are  indicated with  a  bar at the right  side  of  the sequence  ladder, Numbers  noted  on  the
side  of  the sequence  ladder refer  to the position of  the  nucleotides  relative  to the transcription start site. The pea  tissues were  pre-
pared  and  treated with  elicitor  and  suppressor  as  dcscribcd by Kato et al. (1995). Crude elicitor  and  suppressor  fractions were  pre-
pared from  the spore  germinatien fluid of  M.pinodes  OMP-1  (IFO-30342, ATCC-42741)  by  the  methods  of  Yamada  et al, (1989),
Segments of  pea  epicotyls  were  exposed  to 1%  DMS  (Aldrich Chemical Company,  USA)  solution  for 2 min  at  room  temperature.
Genomic  DNA  was  isolated essentially  as  described by  Dellaporta  et al, (1983), followed  by  three  cycles  of  phenol extraction  and  one

phenol-chloroform-isoamylalcohol  (24 : 24 : 1) extraction.  An  additional  purification step,  chloroferm  extraction  in the presence of  1%
CTAB  (cetyltrimethylammonium bremide) and  O.7 M  NaCl  was  performed  as  described by Murray  and  Thompson  (1980). In vivo  or

in vitro  methylated  DNA  was  then  cleaved  at methylated  guanines  with  1 M  piperidine as  described by Mueller et al. (1992), LMPCR
was  carried  out  essentially  as  described by Mueller et al. (1992) with  slight  modifications,  The  third gene-specific primers  were  la-
beled using  5' oligonucleotide  Texas Red labeling kit (Amersham), and  sequence  ladders were  analyzed  on  a  Hitachi SQ-5500
(Hitachi, Tokyo,  Japan). The  densitometric scanning  analyses  were  carried  out  with  the  FRAGLYS  (Hitachi Electronics Engineering,
Tokyo,  Japan). Two  independent  footprinting analyses  were  performed;  they showed  similar  results.
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Fig. 2 Elieitor- and  suppressor-induced  changes  in DNA-protein interactions in PSCHS  gene  promoters.  (a) The bottom strand  from
-

 136 to -41 of PSCHSi  promoter  was  visualized,  Scanning ofthe  footprint is shown  below (fiIled line represents  lane O and  the dotted
line represents  lane El80). Closed arrowheads  represent  the position of  elicitor-induced  protections from  DMS  methylation,  (b) The
bottom  strand  from  

-
 120 to -50  of  PSCEIS2 promoter  was  visualized.  Scanning of  the footprint is shown  below (fi11ed line repre-

sents  lane O and  the clotted line represents  lane E60). Closed and  gray arrowheads  represent  the positien of  elicitor-induced  protections
from DMS  methylation;  they  were  most  prominent  at 60 min  (closed arrowheads)  or  30 min  (gray arrowheads)  after  elicitor-treat-

ment,  respectively,  Lanes are  the same  as  in Fig, 1, The extent  of  the putative cis-elements  mentioned  in the text are  indicated with  a bar
at the  right  side  of  the sequence  ladder. Two  independent footprinting analyses  were  performed; they shewed  similar  results.

ing analysis  in PSCHSI,  strongly  suggests  that the combi-
nation  of  Box I and  the G-Box  is significantly  important in

elicitor-mediated  activation  of  PSCHSI  gene. This pro-
posal is supported  by the results  obtained  with  the bean
chs15  gene. Very  recently,  a  soybean  cDNA  encoding  a

novel  bZIP (basic-region leucine-zipper) protein, Gl
HBF-1,  which  binds to both the G-Box  and  the  adjacent

H-box  (highly homologous  to Box I, see Fig,4) in the
proximal  region  of  the bean  chsJ5  promoter  has been

cloned  (Droge-Laser et  al. 1997). Although the level of  the

GIHBF-1  transcript  and  the  subsequent  protein product do
not  increase during the  induction of  IML  and  CHS  tran-
scription,  GIHBF-1  is rapidly  phosphorylated in elicited
cells  and  phosphorylation enhances  binding to the chsl5
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promoter (Droge-Laser et al. 1997).

   In PSCHS2  (Fig.2b), footprints were  induced on  the

Box I and  AGCC  motifs;  however,  the  timing  of  the ap-

pearance of  these  footprints differs between these two

sequenoe  motifs.  As indicated by the closed  arrowheads,  in-
duced footprints on  Box I (except for the  G  residue  at  po-
sition -71)  were  most  prominent  at  60 min  after  elicitor-

treatment (compare lane O and  E60; densitometric scans  of

the lane O (fi11ed line) and  E60  (dotted line) are  given be-
low), but almost  completely  restored  at  180 min  after elic-

itor-treatment (see lane E180). On  the other  hand, as indi-

cated  by  the  gray arrowheads,  footprints on  AGCC  motifs

and  on  G  residues  at positions 
-74

 and  
-71

 were  most

prominent  at  30min  after  elicitor-treatment  (compare
lane O and  E30), but nearly  restored  to the  uninduced  state

within  next  30 min  (see lane E60). These  results  indicate
that  Box  I and  AGCC  motifs  are  presumably protected by
independent DNA-binding  proteins and  that binding is
difierentially regulated  in response  to the elicitor.

   In these experiments,  we  found  a  novel  sequence  mo-

tif, AGCC  repeated  sequences  (Fig,3c, d); this is a  candi-

date for one  of  the elicitor-responsive  elements  common  to

PSCHSI  and  PSCHS2.  Interestingly, PSCHS2  contains

the AGCC  repeated  sequences  instead of  the G-Box  in
other  elicitor-inducible  PSCHS  genes, at a neighboring

region  5'-upstream of  Box  I (compare Fig,3c, d), This

finding leads us  to speculate  that  the  AGCC  repeated

sequences  might  complement  the absence  of'  G-Box  in
PSCHS2  and  confer  a specific mode  of  expression  for
PSCHS2.  We  have recently  grouped  pea CHS  genes by
Sl nuclease  protection assay  depending on  their modes

of  expression  (Ito et al. 1997). Among  the  elicitor-induc-

ible members  of  PSCHS  gene family (PSCHSI--･5 and

PSCHS8),  only  PSCHSI,  PSCHS2,  and  PSCHS8  were

constitutively  expressed  in fiower organs  (Ito et  al. 1997).

Interestingly, AGCC  repeats  are  found in the promoter

region  of  PSCHSI  and  PSCHS2  (information on  the  pro-
moter  sequence  of  PSCHS8  is not  available  yet), but not  in

PSCHS3--5. Thus, the pea CHS  gene family provides a

valuable  model  for assessing  the  function of  eaeh  puta-
tive cis-element  by comparing  the structural  features of

promoter region  and  the regulation  in differential expres-

sion  patterns of  the  individual mernber.  However, detailed
analysis  may  be required  to evaluate  the significance  of

AGCC  repeats  in the regulation  of  PSCHSI  and  PSCH/S2.

   Putative trans-acting foctors involved in the  elicitor-

(a}PSRA"
-13t
 CTTTTTTTCTACTTGTGCAACTTGTCTT
 GAAAAAAAGATGAACACGTTGAACAGAA
        AOA  ii        --1  11        -L-- -" -L -

        tsts8 ::

Box1                    67
ACTCACATATCACACCAACACAC
TGAGTGTATAGTGTGGTTGTGTG
     ÷ i"
    ge x:

(b)PSMte
'teo
 CTATTCCTTGTTTGTGCAACTTGTGTCT
 GATAAGGAACAAACACGTTGAA[ACAGABox1

           -136

CCACATATCCACAC
GGTGTATAGGTGTG

(c}PSCHSt
-136
 CGAATACAC
 GCTTATGTG

G-BexACCT
 AGTAATGTTC

T CA TCATTACAAG

 si*

Box1
TAGAATATTACAAGTGTTTTTGTGAAG
ATCTTATAATGTTCACAAAAACACTTC

             41
CTAATATCCACTCTTC
GATTATAGGTGAGAAG
i

{d)PSCHS2
-120
 CTTACATGGTCAGTTCAAACA
 GAATGTACCAGTCAAGTTTGT

TGTTCACAAGBox1
        -50
CTAATATCCAC
GATTATAGGTG
i

: ti

Fig. 3 Summary  of  the DNA-protein  interactions in PSR4L  and  PSCHS  gene promoters.  Nucleotide sequences  of  the  PSR4Ll  (a),
PSR4L2  (b), PSCHSI  (c) and  PSCHS2  (d) promoter  regions  examined  in in vivo  footprinting analyses  are  listed, Sequences  corre-

sponding  to Box  I, the  G-Box,  and  AGCC  repeats  are  boxed in gray. Closed arrowheads  represent  the position of  elicitor-induced

protections from DMS  methylation.  Open  arrowheads  and  the open  circle  in (a) represent  the  position of  elicitor-induced  enhance-

ments  of  DMS  methylation  at G  (open arrowheacls)  or  A  (open circle)  residue,  respectively.  Closed  and  gray arrowheads  in (d) repre-
sent  the position of the induced  protections from DMS;  these were  most  prominent  at 60 min  (clesed) or  30  min  (gray) after  the onset

of  elieitor-induction,  respectively,  Numbers  refer  to the position of  the nucleotides  relative  to  the transcription  start  site.
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mediated  activation-As  mentioned  above,  we  have iden-
tified multiple  sequence  motifs  as  candidates  for elicitor-

responsive  cis-elements  in pea  R4L  and  CHS  genes. We
have also  demonstrated  that  bindings of  putative trans-
acting  factors to Box  I or  the AGCC  motif  are strictly

regulated  in vivo  with  respect  to the timing  and  duration in
response  to the  elicitor,  depending  on  the individual mem-
ber of  the  pea R4L  and  CHS  gene groups, That is, pro-
tein bindings to Box  I in PSR4L2  (Fig. Ib) and  in PSCHSI
(Fig.2a) are  most  prominent at 180min  after  elicitor-

treatment, but no  longer obvious  in PSR4LJ  (Fig,1a) and

in PSCHS2  {Fig.2b) at the same  time point, Likewise,

protein binding to the  AGCC  motif  in PSCHSI  (Fig. 2a) is
most  prominent  at  180 min  after  elicitor-treatment,  but no
longer obvious  in PSCHS2  (Fig. 2b) at  the  same  time  point.
It is tempting to speculate  that  different classes  of  bind-
ing proteins to Box I or  the AGCC  motif  might  be in-
volved  in the  elicitor-mediated  activation  of  pea IML  and

CHS  genes and  confer  highly specialized  modes  of  expres-

sion  for the individual pea RtlL or CHS  gene.

   Recently, several  Box  I-related sequence  motifs

(see Fig.4), MRECHS  (light-responsive element)  in parsley
CHS  (Feldbrugge et al, 1997), Box  L  in parsley RtlLl
(Logemann et al. 1995, Lois et  al, 1989) and  box  P  in bean
R4L2  (Sablowski et al. 1994), have been shown  to be
bound by  plant Myb  proteins. Feldbrugge  et al, (1997)

PSRAL1  (Box 1)CCTC

CTT

-9t

PSiVtL2 (Box 1)

PSCHS1(Box  l)

PSCHS2  (Box l}

PvCHSt5(H-Box)

PCCHS(MRECHS)

PcRAL1  {Box L)

PvMte  (box P)

TC
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-151
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-55

-13d
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-24pa

Fig. 4 Sequences related  to  Bex  I identified in promoters  of

phenylpropanoid biosynthetic genes, Nucleoticle sequences  with

striking  homology  are  shown  in the black boxes. The numbers  on

the  right  indicate the position relative  to the transcription start
site. Abbreviations:  Rs, Pisum  sativum;  R4Li  and  RtlL2
(Yamada et al,, 1992, 1994), CHSI  and  CHS2  (Ito et al, 1997, Seki
et al. 1997), Pv,  Phaseolus  vuigaris;  CIIS15 (Loake et al. 1992,
Faktor et al. 1996), RtaL2  (Sablowski et al. 1994), Pc, Petro-
selinum  crispum;  CHS  (Schulze-Lefert et al. 1989, Feldbrugge et
al. 1997), IcaLl  (Lois et  al,  1989, Logemann  et al. 1995). aThe

sequence  is found in the reverse  erientation.

showed  that MRECHS  and  Box  L were  bound  by parsley
Myb  protein, PcMYBI  and  MYB  305 from  Antirrhinum
may'us,  Sablowski et al. (1994) demonstrated that  MYB  305
bound  to box P in the bean RtlL2 promoter, Interesting-
ly, Sablowski et  al,  (1994) also  demonstrated that activa-
tion  from the  bean  R4L2  promoter  by MYB  305 requires  a

G-Box-like element  in addition  to box P. This is consistent
with  the observations  in PSCHSI,  in which  the  combina-

tion of  Box I and  G-Box is significantly  important for the
expression  in pea protoplasts (Seki et al. 1997), The  elici-

tor-induced  footprints at both sequence  motifs  are  ob-

served  in in vivo  footprinting analysis  (Fig.2a, 3c). The
interaction of  a  Myb  protein with  another  transcription

factor has been observed  in some  cases.  For example,  the
maize  Myb  protein,  Cl, needs  a  Myc-type  transcription

factor (Goff et al. 1992), yeast Myb  protein, BASI,  needs  a

homeodomain  protein partner (BAS2) to activate  the  HIS4

promoter  (Tice-Baldwin et al, 1989). Likewise, it is possi-
ble that  putative Box  I binding protein(s) might  choose

their target genes depending  on  the availability of  other

factors, such  as G-Box  or  AGCC  motif  binding factor(s),

with  which  they  cooperate.

   Suppressor-induced changes  in DNA:protein  interac-
tions-To  date, we  have reported  that  suppressor  from
Mpinodes  blocks the signal transduetion pathway  during
the elicitor-mediated  activation  of  the defense responses  in
pea by inhibiting cell  wall-bound  ATPases  (Kiba et al.

1996), plasma  membrane  ATPase,  and  enzymes  in poly-
phosphoinositide metabolism  in plasma membrane  (Shira-
ishi et  al. 1994), Moreover, we  have also  revealed  by
nuclear  run-on  assay  that  the suppressor  drastically deacti-
vates  the  transcription  of  pea R4L  and  CHS  genes within
five to ten minutes,  even  when  it is applied  after  elicitor-

induced transcriptional rates  reach  their nearly  maximal

level (Kato et al, 1995, Wada  et  al, 1995).

   To observe  the changes  in DNA-protein interactions
during suppressor-mediated  deactivation, suppressor  was

applied  15 min  after  elicitor-treatment  of  pea epicetyl  tis-

sues  (see lane El5  
-

 S30 of  Fig, 1, 2). Consistent with  the

results  from the nuclear  run-on  assay,  subsequent  appliea-

tion of  suppressor  reverted  the elicitor-induced  protections
or  enhancements  to the uninduced  pattern, although  to

some  extent  weakly  (see lane E15 
-.
 S30 of  Fig, 1, 2). The

most  illustrative example  of this result could  be seen  in
PSCHS2  (compare lane O, E30 and  El5 -  S30 in Fig. 2b).
No  obvious  protein bindings specific  for suppressor-me-
diated deactivation in these  regions  were  detected. How-
ever,  we  cannot  rule  out  the possibility that the suppres-

sor-induced  protein binclings occur  at further 5'-upstream
or 3'-downstream regions.  It is also  possible that suppres-
sor-mediatecl  signal deactivates the  transcription  machine-

ry  through the  direet modification  of  the  conformation  of

elicitor-induced  binding complexes  or  RNA  polymerase  it-
self,  although  we  do  not  have any  evidence  to support  it.
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    At  present, it is not  conclusive  whether  suppressor

initiates the independent signal  transduction pathway,  de-

aetivating  the defense genes as well  as blocking the  elici-

tor-mediated signal. However,  initiation of  an  independ-

ent  signal by suppressor  is more  plausible, because the

changes  in DNA-protein  interactions as  well  as in tran-
scriptional  rates  of  R4L  and  (]EIS genes by suppressor-
treatment  were  very  rapid.  Furthermore,  suppressor  is even
capable  of  deactivating PSR4Ll  promoter  induced by
treatment with  UV  (Murakami et al. 1997). We  believe,
therefore, that identification of  suppressor-responsive  cis-

elements  and  trans-acting  factors will  help in elucidating
the mode  of  action  of  suppressors  in compatible  host-

pathogen  interactions.
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