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REGULATION OF NITRATE REDUCTASE-
DEPENDENT NO PRODUCTION

Werner M. KAISER, Peter ROCKEL'; Lehrstuhl fiir
Molekulare  Pflanzenphysiologie —und  Biophysik,
University of Wiirzburg, 'Forschungszentrum Jiilich,
Institut fiir Chemie der belasteten Atmosphére, Germany

NO production by purified nitrate reductase (NR), by
crude leaf extracts and by intact leaves or plants was
followed by chemoluminescens detection in the gas |
phase. NR produced NO from saturating NADH and
nitrite at about 1% of its nitrate reducing capacity. That
NO production had a Km (nitrite) of 100 pM, and was
competitively inhibited by nitrate (Ki 50 pM).
Modulation of NR by reversible protein phosphorylation
and 14-3-3-binding also modulated NO production rates,
both in vitro and in leaves. Nitrite reductase-deficient
tobacco mutants accumulated nitrite and emitted NO at
rates up to 400 fold higher than WT. Thus, in vivo, NO
production rates depend on NR activity, on nitrate and on
nitrite concentrations in the cytosol.

S8-2

NITRIC OXIDE PRODUCTION CATALYZED BY
NITRATE REDUCTASE: AN ALTERNATIVE
PATHWAY FOR NO PRODUCTION IN PLANTS
Hideo YAMASAKI; Fac. Sci., Univ. Ryukyus, Nishihara,
Okinawa 903-0213

Nitric oxide (NO) has long been appreciated as an air
pollutant produced through human activities. ~After the
discovery of the enzymatic production of NO in animal
cells, our view of NO has been drastically changed from
a harmful pollutant to an important signal messenger of
living organisms. In contrast to our accumulating
knowledge on functions of NO in animal systems,
however, little is known in plant systems. Although
many reports in the literature have suggested that plant
cells posses an NO synthase (NOS) functionally similar
to the mammalian one, neither a gene or a protein of a
plant NOS has been conclusively isolated to date. Here,
I show evidence that nitrate reductase (NR) is an enzyme
responsible for producing NO in plant cells. NR is a
key enzyme of assimilatory nitrogen metabolism which
normally catalyzes reduction of nitrate to nitrite using
NAD(P)H. When the normal product nitrite is supplied
as a substrate, NR rapidly produces NO in vivo as well
as in vitro. Thus, it is now clear that plant cells contain
a nitrite-dependent NO production pathway that can be
distinguished from the L-arginine-dependent one.

Yamasaki, H. et. al (1999) Trends Plant Sci. 4, 128
Yamasaki, H. & Sakihama, Y. (2000) FEBS Lert. 468, 89
Yamasaki, H. (2000) Phil. Trans. R. Soc. Lond. B 355, 1477
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NITRIC OXIDE - A NEW PLAYER IN PLANT
DEFENSE RESPONSES

Joerg DURNER; Institute of Biochemical Plant
Pathology, GSF - National Research Center for
Environment and Health, D-85764 Oberschleissheim
(Munich), Germany

Recently, nitric oxide (NO), the versatile and powerful
effector of animal redox-regulated signaling and immune
responses, was shown to mediate plant defense
responses against pathogens. While NO is a byproduct
of many cellular reactions and a natural constituent of
living cells, its diverse activities, including redox signaling,
have been explored principally in animals. Much
research has focused on NO's role in innate immunity
where it acts both as a weapon and as a true intra- and
intercellular ~signaling molecule. Strikingly, the
involvement of NO in plant disease resistance was
demonstrated. Plant cells treated with elicitors respond
with a strong increase of intracellular NO, reminiscent of
the oxidative burst during hypersensitive response
reactions. NO appears to play important functions in
programmed host cell death, a mechanism which restricts
growth and spreading of the pathogen, and in activation
of genes that encode defense proteins such as antifungal
enzymes. Moreover, several critical players in animal
NO signaling such as cyclic GMP and cyclic ADP ribose
are also operative in plant defense responses, suggesting
ancient origins of biological NO signaling.
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METABOLISM OF NITROGEN OXIDES IN PLANTS-
FORMATION OF UN COMPOUNDS AND N,0O
Hiromichi MORIKAWA, Misa TAKAHASHI,
Yoshifumi KAWAMURA; Department of Mathematical
and Life Sciences, Graduate School of Science,
Hiroshima University, Higashi-Hiroshima 739-8526,
Japan

We have been studying the metabolism of NO, in plants.
We have found that about 30% of the total nitrogen of
NO, taken up in plant leaves is converted to unidentified
nitrogen (UN) that is not recoverable by the Kjeldahl
method. All of the plant species studied to date such as
Arabidopsis, tobacco, Rhododendron and Pittosporum
had such UN-bearing compounds. Chemical analysis
strongly suggested that more than 10 percentage points
of total NO,-nitrogen is recovered in the fractions of
aromatic nitro-compounds and N-nitroso-ones, which are
known to be unrecoverable by the Kjeldahl method.
Based on GC-MS analysis, we also have found that
aseptically grown tobacco plants emit '*N-labeled nitrous
oxide in response to fumigation with '’N-labeled
nitrogen dioxide. These results will be presented and
discussed in relation to the metabolism and function of
reactive nitrogen oxides in plants.
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MOLECULAR GENETIC AND BIOCHEMICAL EVIDENCE
FOR A CONIFERALDEHYDE 5-HYDROXYLASE/5-HYDRO-
XYCONIFERALDEHYDE O-METHYLTRANSFERASE
MEDIATED PATHWAY FOR SYRINGYL MONOLIGNOL
BIOSYNTHESIS IN AGIOSPERM DICOTS

Vincent L. Chiang

Plant Biotech. Res. Center, Michigan Tech. Univ., Michigan, USA

A paradigm which investigators in the field of lignin research
have always adhered to is that the regulation of syringyl and
guaiacyl lignin composition in angiosperms occurs at ferulate 5
hydroxylation step. But, we discovered that the diversion of
guaiacyl monolignol intermediates into syringyl types may take
place at coniferaldehyde mediated by coniferaldehyde 5-hydro-
xylase (CAIdSH). Furthermore, coniferaldehyde completely
inhibits ferulate S5-hydroxylation and that CAId5H reaction
product 5-hydroxyconiferaldehyde is the best substrate for
caffeate O-methyltransferase (COMT). These established for the
first time that COMT is in fact a 5-hydroxyconiferaldehyde O-
methyltransferase (AldOMT), and that 5-hydroxyconiferaldehyde
is both the preferred AIdOMT substrate for the formation of
sinapaldehyde and an inhibitor of caffeate and 5-hydroxyferulate
methylation. Conferaldehyde-mediated inhibition of ferulate 5
hydroxylation and S5-hydroxyconiferaldehyde-induced elimina-
tion of caffeate and 5-hydroxyferulate methylation were also
detected in reactions with plant xylem proteins from various
angiosperms. Take together, our results provide conclusive
evidence for the presence of a CAId5H/AIdOMT-catalyzed
coniferaldehyde 5-hydroxylation/methylation pathway that directs
syringyl monolignol biosynthesis in angiosperms.
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M, 5/ LAFDHDODWELELLLENDIZEHTF—TIC
LTEVWHDEEITIND, &'/ AR EDHDICHE
CHRAUAEDS ENFEIFDOZ ENDM20D, BREFOR
HMIFE IR EBRITORAEEBNT 5.
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811-2
BETFRRARY bV -2 OBEORS

ARE (WK -5 B

20 DOBB/RBSFEMET O L7 FD—D &
EZXABNBY /) ATOP bORRELT, £<DE
FIEHOY ) AEEDREICHLMZINTVWS, 0
KREZSEAT, FleBBEOFMELT, WEENIE
BREHERICLIMTEL 2B EDER, BETREG
BREomBEIR T NS,

BETSZDOLI BHENEBIN. BETHEDS
WITBETOBMRBRKICBIBZ NI A7 Y T h—A
RITE, TORKRI S DBETREOH DK ERD 3
BRAMTHODOTVS, BAOHEETIIHERREZAL
T, BEFHERZAW-HERNIRETRE O 7
AIVEERTIER. BLY, ThoOERERZAL
TRETREAOHBERY b7 —27 2BET 35HEFED
W ZTo T3, BEE. 100281 2 BETHEKD
RETOT7 71NV EERL. ZEBERY S 7EEZRAN
TRY b=V DERERAB TS, TOKER, Ht+0
HBR/NS 2Ry NT—2 E—DDEXRRY hT—2
EMETIIENTER, ZOXIBHERZHETS
Z&ET, BETFRAOCHEBMBEZHSNTT S Z EMH
BETHBSIEEBEbNh3,
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REFRAMBT - IR—R L D7 LOMERKT
nesH—. €AK (xK - L&)

BE, 77 LHEOERD S, FL0EPHICE W TESLE
Y LARFIPREESATETVS, LALEXNL, WEET
RESNTELY /AT —-FERTWIREFOHESIT,
EMFEFRNLBREIRODOITEITH S, £>T, BEEY /37
ADGHTR, HFLOUKBREFRBLIV, "4+ 47177
{17 ABMOREN., YATFI74 v 72 RIZFREOAE
I EE SN TWAS, Kyoto Encyclopedia of Genes and
Genomes (KEGG) i} . MlAEM ¥z o Ea—s1tL,
REFT/7—avaRBETHEIET. Y/ 20%E.
BROEYBREFTREE V2L Ts 70V 22+ Th
5, RAW, KEGG DHF LWwF -y x—-R L LT,
EXPRESSION 7#— % X— 2 % W& L 72 . EXPRESSION 7 —
IR—ZAF, DNAXA 20T LAEB»LBLNL, BRIEF
RBAMBOT— 2 ERML . BN TE2DDOV AT LTHS,
CDF—FR—ATH, KEGGDNRAY 24 F—5 2% ) A
F-dnle, REFRAMEI KA SNTH D, B IH
BENLBRIZFH, £EBAFTF AV 24, ¥/ 2L0NE
WRLE2EOMICARON 2R ERBNLI LR ENTEL, &
DIYATFLD, BMEDERIZOVWTHET 5,



S11-4

IR K BEEMELEEYD S/ LIEEET O WEREER
RRITOBRFHD
PFE— (1T SDNABKRR)

HN9'E DNA MRFAEZSCEBNLESETOCII AGI (&
BEHEYDET IVEREYIOART AT DY / LEEEET
FREL. WY/ LHNI—FLTWS 2 BEHB AT LD
BAD—$ETTHIIENTE . BAOHBRITL—T 1L,
1996 &0 Synechocystis sp. PCC6803 D&%/ LiGEE S|
REZIFLDHICHMIXBENETOBEEYDS / LIEER
FRELZDRBBITET THTETHY., TAREMDOET L
LTINS Y Lotus japonicus DKIREY / LG B EHI 2
HERI—rSEDHELLIT. ST HRIE Mesorhizobium
loti MAFF303099 & .3 ¥ D58 Anabaena sp.
PCC7120, Synechococcus elongatus Toray, Gloeobacter
violaceus PCC 7421 OFNENET / LERITETTHT
FTND, £z, YAMXFXF . SvaJ 4  IRRYE /Y
Porphyra yezoensis, #% Chlamydomonas reinhardtii T
DKRI[RY EST LT THTLD, RE (SR ICIEEERS
MRESATOCRBIZEEH LT, ERRREFEOBETHE
BHAIETRAGIERRS LICHEICRETFOMREHRIL.
MOBEFEMOMRETRETOIVATLERELERLTE
1. SEDEERTITTOHBRERBNTILELIC, SEEVO
RRENT /LTODIPHEDERERENICH AT DB
SELT RKREGEERINOBTEBEAFLIATSICH
o TRHELMNBEIEBEICOVNTEZ W, BKICS/LES
REZTHEELLBFTT—IERATHRICKHEY LT LM
OERAZETL, KAECEBEFALESICKYRLNBODICL
TUIK-ODHREEZD,

811-5

b= 2 AL&D IDFERI—ETY ¥
ABEZ. BE 2. BRERE
(REK%E K%¥k #E63X0)

ST INIFUTIZBTBY J LAERIT. 1996 I
MY E DNA BREFFIC L D Synechocystis sp. PCC 6803 O
SEERFINRE I NTUNR, 6 BEOHERIMIZIE
REINTWVWS, SSIEEEOITINIFTUTIZ
DWTEERWICHRITVEITFTH S,

T )LABEORODATY TELT, I LA —)b
TEINIBOBERIT EHMERTNHIFTINS.
337F PDB (Protein Data Bank) DRI 12,000 4%
BL, MIDF NI BOHEEELTIX 2,000 REEIC
Bolke ULDLABNS, B DY NI RITHEEDHE
EENERRGNOEETHS. TNSORMIYINIA
EFROBZSEVRFERELUTIEE, YEEETEN S
DHEERENEBINTWVS, FO—DIXT I /) BE
FloMAEEEIZ X REFT—FE2HBICLEFED
=TV ITNDB,

R2Z. BBy O NRNVBAFREOQYD—EFU IR
F A5 (FAMS) ' ZHWT, Y7 /N2 FUT7 D cAMP 18
BHAF— RO NNV BOMNEEBEZTFHIL
to
1. Ogata, K. and Umeyama, H., Journal of Molecular Graphics and Modelling 18,
258-272,2000
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