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EXECUTIVE SUMMARY
Project no 12 367

This work addressed the genetic regulation of one of the key
enzymes of the ureide pathway In Phaseolus vulgaris, In order to
Increase bean productivity The overall aim of thIs project was to
investigate the regulatIon of the uricase-II gene In P vulgans

Uricase II IS an enzyme highly Induced In root nodules dUring
the symbiosIs established between tropIcal legumes and sOil
bacteria of the genus RhizobIUm and BradyrhlzoblUm It participates
In the bIosyntheSIS of ureldes, nItrogenous compounds transported
from the nodules dUring nitrogen fixation DUring the course of thiS
project, the nodule uricase II cDNA was Isolated and characterized
and was demonstrated that uricase II IS encoded by a single gene In
the Phaseolus vulgans haploid genome DUring thiS inVestigation, It
was published (Capote and Sanchez, Plant PhySiology 115 1307
1317, 1997) that thiS gene IS expressed In roots, stems and leaves
of adult bean plants, and that ItS expression IS Induced In

cotyledons, roots and hypocotyls dUring seedling establishment In
Situ hybndlzatlOn and ImmunodetectlOn experiments showed that
uricase II mRNA and protein are localized In the vascular system of
bean roots and hypocotyls, In phloem fibers and xylem-parenchyma
cells, and In cotyledon

Additionally, 1572 bp of the regulatory region (promoter) from
the common bean uricase-II gene was cloned and fused to a bacterial
reported gene (GUS), In order to study the factors that control ItS
expression ThiS 1572 bp regulatory region was characterized
(Cuernavaca and Maryland) The complete nucleotide sequence
(Cuernavaca and Maryland) and putative regulatory motifs wIth
discrete homology to other reported plant gene promoters, was
obtained TranSCriptional gene fUSions (Cuernavaca), made from the
promoter region (1572 bp) and ItS 5' serial deletions (constructed by
Exo III and PCR) were cloned In phase to the GUS bacterial reporter
gene In pBI121 for Agrobactenum mediated infection In transgenic
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plants (unpublished results) Both, a PhD and a BS students graduated
with this project Two papers with AID acknowledgments were
published and several sCientific communications were presented In
national and international meetings

The support from AID was essential for the achievement of the
mentioned goals

RESEARCH OBJECTIVES
This work focussed on the genetic regulation of the ureide

pathway In Phaseolus vulgans In order to Increase bean
productiVity
Legumes, are a pnmary source of protein In the diet of the vast
maJonty of the LatIn Amencan and Afncan population Legume
plants can be classified Into amide or ureide transporters depending
on the nitrogenous compounds that they export from the nodule to
the shoot In tropical legumes such as bean, soybean and cowpea, a
change In the transported nitrogen compounds from amldes
(glutamIne and asparagine) to ureldes (allantoln and allantoIc aCId)
occurs when they are Infected With effiCIent nitrogen-fixIng
bactena (Matsumoto et ai, 1977, FUJlhara and Yamaguchi, 1980)

Root nodules are highly specialized symbiotIC organs where the
differentiated bacteria or bacterolds, are able to reduce atmosphenc
nitrogen Into ammonia (Sanchez et ai, 1991, Mylona et ai, 1995)
Ammonia Ions are excreted Into the plant Infected cell cytoplasm,
aSSimilated Into glutamine and then Incorporated Into de novo punne
biosyntheSIS (Schubert, 1986) In the nodule Infected and non
Infected cells, these pUrines are catabolized and consequently
converted Into ureldes that are transported to the aerial parts of the
plant (Matsumoto et ai, 1977, Pate et ai, 1980,) XanthIne
dehydrogenase, uncase-II and allantoInase are the last three
enzymes that partiCipate In the ureIde blosynthetlc pathway and are
mostly located In the nodule non Infected cells (AtkinS et ai, 1980,
Boland and Schubert, 1982)

Uncase II catalyzes the OXidative cleavage of UriC aCid Into
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allantoIn and C02, liberating H202 The enzyme has been punfled
from cowpea (Ranblrd and Atkins, 1981), soybean (Legockl and
Verma, 1979, Lucas et ai, 1983, Bergmann et ai, 1983) and bean
(Sanchez et ai, 1987) nodules It IS preferentially synthesized on
free polysomes dunng nodule development and IS localized In the
peroxlsomes of nodule non-Infected cells (Hanks et ai, 1981, Nguyen
et ai, 1985, Kouchl et ai, 1989) In effectively nodulated bean
plants, uncase II expression IS highly Induced before N2 fixation
starts It constitutes approximately 2% of the total soluble protein
of the nodule (Sanchez et ai, 1987) In empty nodules Induced by
RhIzobIUm mutants, the amount of uncase II mRNA IS 10% In respect
to those nodules Infected with the Wild type bactena, suggesting
that several events dunng nodule development (eg nodule Induction,
bactena release, nitrogen fixation) are deCISive for the regulation of
uncase II gene
expression (Padilla et ai, 1991)

Low uncase II activity has been detected In soybean callus
tissue, where It IS regulated by oxygen availability (Larsen and
Jochansen, 1986) This enzyme has also been found In soybean
cotyledons and hypocotyls dunng seed development and early
germInation (Tajlma et ai, 1991) In soybean cotyledons, uncase II
has been Immunocytochemically detected In the peroxlsomes of this
organ (Damsz et ai, 1994) In this plant, uncase II IS encoded by a
small gene family that could have similar expression control
mechanisms In nodules and developing seeds (TaJlma et ai, 1993)
Another uncase activity (uncase-I) has been detected In soybean
seed radlcles, but this activity was due to a dlamlne
oXidase/peroxidase system with different charactenstlcs to nodule
uncase (TaJlma et ai, 1983, Tajlma et ai, 1985)

Given the above background, the study of the genetic
regulation of the uncase-II gene, a gene encoding for one of the key
enzymes of the ureide pathway In Phaseolus vulgariS, was of central
Importance In order to gain inCite Into the molecular and
physiological baSIS that could participate In the modulation of this
metabolic pathway, the research objectives Included the Isolation
and charactenzatlon of the bean nodule uncase II cDNA This
objective was accomplished It became Important to demonstrate If
uncase II was encoded by a multlgene family, as reported for
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soybeans( REF) We concluded that a single copy of the uncase II
gene IS present In the Phaseo/us vu/garts haploid genome
Furthermore, beside the nodule, this gene IS expressed In different
organs of the seedling and the adult plant This study also indicted
the temporal expression pattern of uncase II mRNA and protein In

cotyledons, roots and hypocotyls dunng germination and seedling
establishment We also show the In Situ localization of the
transcnpt and the histological Immunodetectlon of the antigen In

the mentioned seedling organs Additionally, uncase II protem was
detected by western blot In Leucaena seedling organs, suggesting
that this protem participates m seedling development m legumes
that do not transport ureldes The antl-uncase antibody also
recognizes a 50-KDa peptide that IS present m cotyledons, roots and
hypocotyls but not In nodules (Capote and Sanchez, 1997)
Future directions
We are currently investigating the nature of this 50-KDa protem, our
current hypothesIs IS that part of this enzyme IS postranslatlonal
modified when expressed outside the nodule and probably this
modification does not allow the enzyme to be transported mto the
peroxysomes In vascular bundles

RESEARCH ACCOMPLISHMENTS
Dunng this penod, two papers m international Journals have been
published, and 9 presentations In sCientific meetings were
presented Two students graduated (one Phd and a BS) Additionally,
there IS a plethora of unpublished results that will be polished m
order to be submitted for publication
The unpublished data IS presented m this section
The aim of the proposed research was to investigate the signals
(bactenal, plant or environmental) which modulate the expression of
the uncase-II gen In Phaseo/us vulgarIs nodules Therefore, In our
laboratory we have subcloned and charactenzed a Phaseo/us vulgarIs
uncase-II cDNA clone that was further used as a probe for the
Isolation of a uncase genomic clone from the lambda-EMBL3A
genomic library (Cuernavaca, last year report) a 1572 bp regulatory
region has been sequenced and charactenzed (Cuernavaca and
Maryland) We have obtamed ItS complete nucleotide sequence
(Cuernavaca and Maryland) and the start ATG codon as well as the
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transcnptlonal start site (+1) was located 20 bp from the ATG as
determined by pnmer extension (Cuernavaca) Putative regulatory
motifs with discrete homology to other reported plant gene
promoters, were also Identified (Maryland) The TATA box, OSE
(Organ SpecifiC Element) that contain the CTCTT and AAAGAT
motives found In late noduhn gene promoters from bean Npv30,
soybean N-23 and Ibc3, an AfT nch regIons conserved In other
soybean and bean nodulln promoters and finally there are two
putative G boxes

With the regulatory region we have trIed to performed the
following studies
-CIS regulatory regions studied In vitro To transIently express by
electroporatlon Into protoplasts of non-Infected cells from bean
nodules The regulatory sequences Involved In the transcriptional
regulation of a uncase-II promoter GUS Nos3' gene fUSion

• CIS regulatory regions studied In planta Regulatory In VIVO

studies by the introductIon of a uncase-II promoter GUS Nos3'
chlmenc gene and derIvatIves In transgenic Lotus cormculatus
and hopefully Phaseolus vulgarts transformed by
Agrobactenum

• CIS regulatory studies In cotyledons TranSient gene
expression In bean cotyledons by particle bombardment wIth
the urIcase-II promoter GUS Nos3' chImerIC gene derivatives,
constructed for the electroporatlon studIes mentioned above

REGULATORY STUDIES IN ELECTROPORATED BEAN NODULE
CELL PROTOPLAST

TranSCrIptional gene fUSions, made from the promoter region (1572
bp) and ItS 5' senal deletions (constructed by Exo III and PCR) were
cloned In phase the GUS bactenal reporter gene by subclonlng the
respective genomic fragment Into the polyllnker region of the GUS
vector plasmlds pBI121 (for Agrobactertum medIated infection In
transgenic plants) and pBI426 (for the transient expression studies)
With these molecular tools we will be able to electroporate
protoplast Isolated from fully Infected or from non-Infected nodules
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In this respect, we have selected five pBI426 plasmid denvatlves
containing fragments of 72, 192, 334, 480, and 1572 bp
transcriptionally fused to the reporter gen GUS This fragments
Include the following features form the promoter region pBI426-5,
72 bp(TATA box), pBI426-4,192 bp (TATA box, 3 OSE), pBI426-3,
334bp (TATA box, 3 OSE and a AfT-rich region), pBI426-2, 480 bp
(TATA box, 3 OSE, AfT rich and 2 G boxes) and pBI426-1, 1572 bp
including 3 more OSE motifs

REGULATORY STUDIES IN TRANSGENIC PLANTS

Lotus corn/culatus are been transformed by Agrobactenum
rhlzogenes according to Petit et al 1987 where an average tIme to
obtain a complete transgenrc plant IS five months As an
alternative, we are also following the protocol of Hansen J et al
1989 where the process IS Interrupted at the level of a chimeric
plant (transformed roots and normal aerial parts) thIs process only
requires about the half of the time In both cases the final objective
IS to generate transgenic nodules, the nodulation process In our
conditions takes about 5-7 weeks This whole process has been labor
intensive, taking more than 2 years to set up all the conditIOns to
obtain L cormculatus transgenrc nodules, In particular the transfer
Into Agrobactenum of different plasmid constructs, optimal seed
germination and plant survIval after transformation with the
dIfferent A rhlzogenes strains, and last eXCISion of hairy roots and
shoot regeneration We are In the process of quantIfying the reporter
enzymatic activity In the transgenrc nodules We Will sWItch to
Lotus Jap0n/cus (ThykJaer et ai, 1998) In the near future gIven all
the advantages that thIs diploid plant has over Lotus cornlculatus
whls IS tretraplOld

DUring the last year we have started to attempt to transform
Phaseolus vulgans germinated seedlings under vacuum wIth eIther,
A tumefasclens or A rhlzogenes contaIning a 35S-GUS-Nos3'
construct The infiltrated plants (germinating cotIledons) were
Inoculated with RhIzobIUm etll In order to avoid a hypersensitive
response of common bean to Agrobactenum infectIon In the
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surVivors, localized focI of transformed cells were eVident only In
the roots of those bean plants transformed with A tumefasclens It
has not been possible to obtain yet transgenic nodules In thIs plant
In collaboration with Dr Miguel Lara's group we are Improving the
transformation procedure by trying to Infect bean embryos and
apIcal menstems and then follow the transformation In tIssue
culture conditions Instead of vermiculite With these Improvements
we hope to Increase the transformation rate and the amount of
transformed zones (GUS blue spots) In order to Introduce the
uncase-II promoter ( chlmenc gene previously mentioned)

TRANSIENT EXPRESSION STUDIES IN BEAN COTYLEDONS BY
PARTICLE BOMBARDMENT

Bean hypocotyls and leaf tissues have high levels of allantOinase and
allantoinase It IS likely that the substrates for both enzymes
(allantoln and allantOIC aCid, respectively) come from nitrogen
recycling In the cotyledons The enzyme responsible for the
production of allantoln IS uncase-II and In consequence It would be
of Interest to detect the expression of uricase-II transcript In the
cotyledons By northern analySIS we have been able to detect
uricase-II expression In bean cotyledons of 1, 2, 4, 7 and 10 days
after Imbibition There was no detection of uncase II transcripts In
dry seeds, but only m germinating cotyledons ThiS expression was
lower than In nodules( 2-5%), reaching the maximum level of
expression at the fourth day after Imbibition (Capote and Sanchez,
1997)

FUTURE WORK
-Trans regulation studies gel-retardation assay uSing nuclear
extracts from roots, wild type and empty nodules to look for uricase
promoter binding factors and by footprlntmg DNAse-protection assay
to gam inCite Into the factors Involved In the genetic control of the
uricase-II gene In bean nodules In particular we have previously
reported( PadIlla, et al 1991) that uncase-II mRNA could be
detected In bean nodules 2-3 days before nitrogen fixation and that
about 10% of the maXimal expression was present m empty nodules (
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non-fixing nodules without rhlzoblal infections) suggesting a
possible role of this gene dUring nodule development We Will
continue to try to answer thIs open and interesting question

-Peroxisome biogenesIs As previously mentIoned, there IS a
pOSSibility that uncase-II could have a role In nodule development,
beSIdes the obvIous role In ureide biogenesIs In partIcular, Lee et al
1993, suggested that uricase-II could have a role In peroxisome
biogenesIs (uncase-II IS a peroxisomal enzyme) because transgenic
Vigna plants expressing an anti-sense mRNA, which arrest urlcase
II expreSSion, had the number and the shape of the peroxlsomes
affected In thiS regard we Will transform Lotus Japomcus
(ThykJaer et ai, 1998) plants With a full-Ienght uricase-II cDNA
clone under the control of the 35S and ItS own promoter Since
Lotus IS not a ureide-producing plant we expect that the over
expression of thiS gene In nodules and cotyledons Will Induce the
biogenesIs of peroxlsomes The analySIS Will be performed by
electron microscopy In nodule and cotyledons embedded tissues
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PrOject Activities/Outputs

Graduated Students
• Nieves Capote a PhD student fully devoted to this project,

obtained her degree In September 1997
Elisa Leon obtained her BS degree In July 1996

Publications with AID acknowledgments

• Sanchez F, Capote N, Padilla J, Ortega JL, KUIn H, Lara M
1994 Genetic Regulation of the Ureide Blosynthetlc Pathway In

Tropical Legumes Bean Advance BIOtechnology Research
Network, BARN, (eds WM Roca et al) Centro Internaclonal de
Agncultura Tropical (CIAT) Call, Colombia pp 379-385

• NIeves Capote and Fedenco Sanchez 1997 Characterization of
the Common Bean Uricase and Its Expression In Organs than
Nodules Plant Physiology 115 1307-1313

We expect to publish at least two more papers In international
journals with the acknowledgment to the partial support of this AID
project

Meeting Presentations

• N Capote, F Campos, J Padilla y F Sanchez
Charactenzatlon of the uricase-II gene of Phaseolus vulgaris
VII PAABS Congress XIX Socledad Mexlcana de Bloqulmlca
Socledad Espanola de Bloqulmlca Sept 27-0ct 2, 1992

• N Capote y F Sanchez
Regulaclon del gen de urlcasa-II en nodulos de Phaseolus
vulgaris
VI Reunion Naclonal de BloqUlmlca Vegetal
Unlversldad Mlchoacana de San Nicolas de Hidalgo October
10-14, 1993
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• Nieves Capote and Fedenco Sanchez
Regulation of the Uricase-II gene In nodules of Phaseolus
vulgaris
4th International Congress of Plant Molecular Biology
The International Society of Plant Molecular Biology
(ISPMB) Amsterdam, The Nederlands June 19-24, 1994

• N Capote, E Leon, F Sanchez
Regulaclon del gen de uncasa en nodulos de Phaseolus
vulgaris
Socledad Mexlcana de BloqUlmlca XX Congreso Naclonal
Unlversldad de Zacatecas Zacatecas, Zac October 30-Nov 4,
1994

• N Capote, M de J E Leon & F Sanchez
Regulation of the Uncase-II gene In nodules of Phaseolus
vulgaris 1er Simposium MexIco Estados UnIdos sobre
Agroblologla, flslologla y blotecnologla de
cultlvos Importantes para la agncultura mexicana Cocoyoc,
Morelos, MexIco November 5-9, 1995

• F Sanchez
Simposio BlOlogla Molecular de Plantas Regulaclon
Genetlca de la via de ureldos XIC Congreso de la
Socledad Espanola de BloqUlmlca y Blologla Molecular
I Reunion con la Societe Franc;;alse de Blochlmle et B I 0 log I e
Moleculalre Cordoba, Espana September 24-28,
1995 InVlted Speaker

• M de Jesus Elisa Leon, Nieves Capote y Fedenco Sanchez
Regulaclon de la expreslon del gen de Uncasa II en plantas
transgenlcas de Lotus cormculatus y Phaseolus vulgaris
XXI Congreso Naclonal de BlOqUlmlca Manzanillo, Col
November 3-7, 1996

• Nieves Capote and F Sanchez
Characterization of the Common Bean Uricase II and ItS
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Expression In Organs other than Nodules
16th North Amencan Conference on Symbiotic
FIxation February 1-6 1998 Cancun, MexIco

NItrogen

Travel
Nieves Capote spent one month In Dr Maunclo Bustos Lab to perform
the particle bombardement expenments and to finIsh the DNA
sequence of the uncase-II regulatory regIon

Personal Involved Two students, Nieves Capote (PhD) and ElIza
Leon (BS) were full-time Involved In thIs project(Cuernavaca) Also a
technltlan supported by the University of MexIco partially assisted
In this project (MS, Juan OlIvares)

Additional Support This project was addltlonaly supported by the
University of MexIco, grant Dlrecclon General de Asuntos del
personal Academlco IN 3000993, In fact the work never stoped
dunng the penod that funds were not avaIlable due to to the fact
that It was very difficult to establIsh a sub-contract between the
UniversIty of MexIco and the UniversIty of Maryland This contract
agreement was not modIfied until 0/30/96 but funds were not
available from 1994 up to begmnmg of 1997
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Genetic regulation of the ureide
biosynthetic pathway in tropical legumes

FSanchez1
, N Capote1

, J Padllla1
, J L Ortega1

, H Kum2

and M Lara1*

ABSTRACT

Legume crops such as soybean cowpea and beans are a major source of
protem for the population m developIng countries Most of the sustamable
agriculture on these crops depends almost completly on BIological Nitrogen
fixation (BNF) ThIS symbiosIs IS potentially capable of supplying the
nitrogen requirements of the plant from atmospheric nitrogen hence the
Importance for understanding the baSIS for the stabhshment and functioning
of such mteractlon In the RhizobIum-legume Interaction an exchange of
molecular signals regulates the expression of genes essential for mfectlon
nodule development and function (BrewIn 1991 Hirsch 1992) Effectively
nodulated legumes fall wlthm the classes of bemg either amide exportmg or
ureide exportmg species (Atkins CA 1987) High concentrations of ureide
nitrogen m the xylem stream IS usually associated with effective nodulation
and high rates of fixation In tropical legumes such as Phaseolus vulgans
(common bean) Glycme max (soybean)and Vigna (cowpea) (Pate JS
Atkms CA et al 1980) ThiS paper IS an effort to study the genetic
regulation of the ureide pathway In Phaseolus vulgans In order to mcrease
bean productIvity

Legumes can fiX nitrogen when nodulated by bactena of the genera
I RhIzobIUm Bradyrhlzoblum and AzorhlzoblUm Nitrogen-fixing root nodulesl are specialized organs that dIfferentiate from normal root tissues as a

consequence of the rhizobia! Infection The infectIon of plant roots by the
rhizobia and susequent nodule development have been studied In

considerable detail at the genetic cellular and molecular levels Progress In

thiS area has been the subject of recent reviews Nap and Blsseling (1990)
Sanchez et al 1991 Brewin (1991) Hirsch (1992) and de BrulJn and Schell

j (1993)

In general once ammonIa has been produced by the bactenal nItrogensase
and aSSimilated Into glutamine, thiS amlnoacld IS used by the plant to
produce de novo punnes Ureldes are produced by the catabolism of these
de novo synthetlzed punnes by the ureide pathway (Schubert KR and
Boland MJ 1990) In root nodules of tropIcal legumes Ureldes are a class of

'Plant Mol Bioi Dept Instltuto de Blotecnologla Unlversldad Naclonal Autonoma
Cuernavaca MexlcQ Molecular Biology Department Umverslty of Wagenlngen The
Netherlands
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cyclic or acyclic nitrogenous organic compounds denved from or strucluraty _
related to urea Ureldes found In plants Include allantOIC aCid allantome 0

cltruhne unc aCid hypoxanthine xanthine caffeine etc High concentrabon
of ureldes In the xylem sap IS usually associated with effective nodulation~
high rates of fixation although non nodulated or nodulated plants ulillZlng
combined nitrogen as nitrate supplied to the roots sometimes contam some
ureldes In xylem In PhaseD/us vulgans however Significant levels of xy1ern
borne ureldes are found In nodulated plants supplied with ammOnium or
ammonium nitrate (Schubert KR and Boland MJ 1990) Allantoln and
allontolc aCid are the predominant organic mtrogenous compounds produced _
and exported from common bean root nodules dunng an effective BNF :

Key enzymes of the ureide pathway are a nodule-enhanced xanthine
dehydrogenase Isoform (Nguyen J 1986) Involved In the conversion of
xanthine Into unc aCid uncase II a nodule-specific uncase an enzyme lhat
converts unc aCid Into allantom localized In peroxlsomes of unmfected cells
of the central tissue (Nguyen T et a/ 1985 and Sanchez et al 87) and
allantOinase that catalyzes the final step In the ureide biogenesIs pathway Ifl

nodules the conversion of allantoln Into allantOIC aCid (SchUbert K R and
Boland, M J ,1990) Alla'1tomase activity has been associated to the ER of
the nodule central tissue (Hanks J F et al 1981)

The Imtlal expression of uncase 1\ transcnpt m common bean nodules IS nol
dependant on BNF and In empty nodules of P vu/gans It IS already
expressed (10%) as compalred to the wild type nodules (Padilla J E et al
1991) Although uncase II could be conSidered a nodule speCific enzyme
incubation of soybean callus tissue and root cultures at varying oxygen
levels demonstrated that low oxygen concentratIOn (4-5%) Induces uncase-U
activity and de novo syntheSIS (Larse, K and Jochlmsen BU 1986) In thIS
regard It has been recently reported that soybean cotyledons contained an
uncase that cross-reacted With antibodies raised against the nodule unease
(Nod-35) TaJlma, S et ai, 1991)

In order to study the regulation of thiS gene, we have recently cloned the 
regulatory region (1 8 kb) and fussed It to the GUS bactenal reporter gene
The spatial and temporal regulation of the unease-II gene(s) from root
nodules and cotyledons of beans IS being analyzed by multiple approach
The ultimate goal of thiS work IS to set the rational molecular and genetlC8l
baSIS to Increase ureide production In tropical legumes to Impact legume '"
crop yield



ucturally
Olne,
~entratlon

fallon and
hllzlng
am some
::>1 xylem.
-nor
md
aroduce<j
NF

n of
1e that
'd cells
ld
lway In

and
ER of

:; not

't al
me
1

~ase /I
1 thiS
dan
case

18

Results and diSCUSSIon
-
-The spatial and temporal regulation of the uncase-II gene In

root-nodules of Phaseolus vulgarts

I ExpreSSion of unease II genes In empty nodules of Phaseolus vulgaris
Induced by a mutant RhizobIUm stram CFN4202 suggests that the regulation

, of thiS gene does not require bacterial release (Padilla et at , 1991) Further
Indications of the regulatory mechanisms of unease II gene expression can be
prOVided by morphological and In Situ hybndlzatlon studies on the transcript In

wild type and empty nodules of common bean H KUln and T BlsseIJng
(Wagenlngen) results corroborate the fact that bean uncase-Il enzyme IS
located In umnfected cells of the central tissue (Nguyen et al , 1985) In thiS
regard unease-II transcnpt can be detected m wild type and mutant nodules,
far more early than the onset ofr nitrogen fIxation and the expression of other
"late noduhns" such as leghemoglobin and nodulm-30 (Padilla et a/, 1991)
(Figure 1)

D

In Situ localIzatIOn of uricase /I transcripts In cross sections of P vulgaris
nodules A, Care bnght field mlc cgraphs 8 D are dark field micrographs
In which the silver grains are VIS ::,Ie as white dots A Uncase II cDNA
clone was used to make an antisense probe WIth 35S UTP A 8 stage 2
nodules (5 8 day old nodule) bar 250 m C 0 stage 4 (15 day old) bar
500 m

FIgure 1

1

1
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Transcriptional regulation of the uricase-II gene

In order to study the transcriptional regulation of thIs gene, we have cloned
genomic sequences from P vulgans cultlvar Negro Jamapa Recently we
have partially characterized by nucleotide sequencing the promoter and
5' flanking region AnalysIs of the nucleotide sequence of the uricase
promoter and upstream region have reveal Important features, I e TATA box
and some conserved elements such as the AT-rich enhancers and the OSE
(Organ Specific Elements) found upstream of leghemoglobin and other
nodulln genes (de BrUlJ and Schell, 1993)

Transcriptional gene fusions of the regulatory region (1 8 kb) with the GUS
bacterial reporter gene have been created by subclonlng appropriate genomic
restriction fragments Into the polyllnker regIon of the GUS vector plasmid
pBI121 (Jefferson, 1987) (Figure 2)

GENE LIBRARY IN EML3 A

1 Sea ch f U case II CI

A EML3 9U

1 Ge emapp 9

Sail bal bal bal Sail

~ 33 ~ 170 ~
5 10 9 pS~

Sail H II ATG H 11 Ev

-1::":'---90-0"""1-----,---8-00-~--,I~-

MappngDNAseQ e ega dPCR
t oducton of 8am HI a dH dlllsies

8H I
TATA I ATG

~L- -L--__' _----'0-

---H-III=Km'----!l--_p_U'_'----' __G_US_-,ID-

-l Pun 1S00pla L;;;,l :-~r--

BHI

5 belo 9 of p omote pel 121

Figure 2 Uncase II gene promoter clonrng strategy and transcnptlonal GUS gene
fUSions rn pBI121
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rransgemc Lotus cormculatus plants are being generated with the 1 8 kb and
, senal deletions of the regulatory region Although root nodules of Lotus

cormculatus Induced with nodulating strains of R loti do not produce ureldes
and consequently, would not be expected to regulate uricase genes In
exactly the same way as seen rn bean, It could be Important to test the
function of uricase promoter elements rn thiS background Such experiments
could stili yield interesting information concerning the degree of conservation
of some components of the gene regulatory networks operating dunng
nodule development In legumes

Future directions

Transient expression experiments are being performed In electrophorated and
particle bombarded nodule slices of wild type and RhizobIum mutant Induced
nodules with the chimeriC uricase promoter-GUS transcriptional fUSions as
well as the NOD-3D promoter-Iuclferase fUSion, as an Internal control (NOD30
IS an Infected cell specific gene) Cotyledonary tissues will be also analyzed
In regard to enVIronmental, developmental, and phySiological effectors
modulating uricase II gene regulation An Internal control In thiS case IS a
transcriptional fUSion With phaseolin (Bustos et al 1991) promoter and the
Iuclferase reporter gene The rationale of these kind of expenments will be to
attempt to Identify the factors reponslble for the rnltlalrnductlon and
subsequent marntenance of uncase II, and for the rnductlon of other enzymes
In the pathway biosynthesIs of ureldes The regulation of thiS metabolic
pathway seems to be an efflclenty marker, not only to monitor fundamental
nodule functions such as aSSimilation and transport of nltrogeneous
compounds but also to reveal novel aspects of nodule development, eg
peroxlsomes biogeneSIs, Infected and umnfected cells ontogeny
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Characterization of the Common Bean Uricase II and Its
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Uncase II IS a purme metabolic enzyme highly mduced m root
nodules durmg the symbIosIs established between legumes and
bactena of the genera RhIzobIUm and BradyrhlzoblUm Here we
descrIbe the characterizatIOn of bean (Phaseolus vulgaris) nodule
uricase II cDNA and show that uricase II IS encoded by a smgle gene
m the bean genome ThIs gene IS also expressed m cotyledons, roots,
and hypocotyls durmg bean seedlmg establishment, and an anti
uncase antibody recogmzes the protem m different seedling organs
Uncase II has also been found m Leucaena leucocephala seedlmgs,
suggestmg that It partIcIpates durmg seedlmg establishment m Ie
gumes that do not transport ureldes A 50 kD polypeptide that IS
detected by the anti uncase antibody IS found m cotyledons durmg
seedlmg development This higher molecular mass form IS also de
tected m developmg roots and hypocotyls but not m nodules In Situ
hybridIzation expenments m root seedlmgs showed uncase II tran
scnpts m the metaxylem parenchyma cells and phloem fibers of the
vascular system

Ureldes are Important components of Nz metabolIsm m
a wide vanety of higher plants (Pate et al 1980 Thomas
and Schrader 1981 Reynolds et al 1982) mcludmg the
Legummosae Boragmaceae Platanaceae Hlppocastan
aceae, and Aceraceae familIes (Mothes, 1961) Legumes can
be classified mto amide or ureide transporters dependmg
on the mtrogenous compounds that they export from the
nodule to the shoot In troplCal legumes such as bean
(Phaseolus vulgans) soybean (Glycine max), and cowpea
(VIgna aconztifolza) a change m the transported Nz com
pounds from amldes (GIn and Asn) to ureldes (allantom
and allantOIC aCld) occurs when they are m assoClatIon with
Nz-flxmg bactena of the genera RhIzobIum and Bradyrhlzo
blum (Matsumoto et al 1977 FUJ1hara and Yamaguchi
1980)

Root nodules are highly specialIzed symbIOtIc organs m
which differentIated bactena or bacterOlds reduce atmo
sphenc Nz to NH3 (Sanchez et al 1991 Verma et al 1992
Mylona et al 1995) NH4 + IOns are excreted mto the plant s
cytoplasm asslffiIlated mto Gin, and then mcorporated
mto de novo punne blOsvnthesls (Schubert, 1986) In the
mfected and unmfected cells of the nodule, these punnes

1 This work was supported by grants from DlrecclOn General de
Asuntos para el Personal Academlco Umversldad NaclOnal
Autonoma de MexICO (nos IN3000993 and USAID12367)

* Correspondmg author e-mail fedenco@lbtunam mx fax 52
73-13-6600
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are catabolIzed and consequently con" erted mto ureldes
that are transported to the aenal parts of the plant (Mat
sumoto et al 1977 Pate et al 1980) Xanthme dehydroge
nase uncase II and allantomase the last three enzvmes m
the ureide blOsynthetIc pathway are predommanth 10
cated m the umnfected cells of the nodule (Atkms et al
1980 Hanks et al 1981 Bergmann et al 1983 Schubert
1986, Schubert and Boland 1990)

Uncase II (EC 1 733) catalyzes the oXldatn e clea" age of
unc aCld mto allantom and CO2 lIberatmg HzOz ThiS
enzyme has been punfIed from cowpea (Ramblrd and At
kms 1981) soybean (Legockl and Verma 1979 Bergmann
et al 1983 Lucas et al 1983) and bean (Sanchez et al
1987) nodules It IS preferentIallv svntheslzed on free poly
somes dunng nodule development and IS localIzed m the
peroxlsomes of nonmfected cells of the nodule (Hanks et
al 1981 Nguyen et al 1985 Van den Bosch and Nev.
comb 1986, Kouchl et al 1989) In effectIvely nodulated
bean plants uncase II expreSSIOn and actIvity are mduced
to high levels before N z fIxatIon begms (Sanchez et al
1987 Padilla et al 1991) and the enzyme constitutes ap
proximately 2% of the total soluble protem of the nodule
(Sanchez et al 1987) In empty nodules mduced by Rhlzo
blum mutants the amount of uncase II mRNA IS lOo~ of
that observed m nodules Infected With Wild-type bactena
suggestmg that events dunng nodule de\ elopment (e g
nodule mductIon bactena release and Nz fixatIOn) are
Important for the regulation of uncase II gene expreSSIOn
(Padilla et al 1991)

Low-uncase II activity has been detected m soybean
callus tissue where It IS regulated by Oz availabilIty
(Larsen and Jochlmsem 1986) Uncase activity has also
been found In soybean cotyledons and hypocotyls dunng
seed development and early germinatIon (TaJ1ma et al
1991) The uncase II protem has been Immunoq tocheml
cally detected m the peroxlsomes of soybean cotyledon
cells (Damsz et al 1994) In thiS plant uncase II IS encoded
by a small gene famIly (TaJlma et al 1993) Uncase activity
(uncase I) has also been detected m soybean seed radlcles
but thiS activity was found to be due to a dlamme OXidase!
peroXidase system With charactenstIcs different from nod
ule uncase (TaJ1ma et al 1983 1985) Uncase II cDNA
clones have been Isolated from soybean nodule (Bergmann
et al 1983 Nguyen et al 1985) and cotyledon (Takane et
al 1997) lIbranes and from cowpea (Lee et al 1993)

AbbreViatIOns AP alkalme phosphatase DIG dlgoxlgemn
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Jackbean (Canavalla Imzata) (Kim and An 1993) and bean
(Sanchez et al 1987 Papadopoulou et al 1995) nodule
IIbranes

In this paper we descnbe the IsolatIOn and charactenza
tIon of the bean nodule uncase II cDNA and demonstrate
that a single copy of the unca<;e II gene IS present m the
bean genome In additIOn to the nodule this gene IS ex
pressed In different organs of the seedling and the adult
plant We have also mvestIgated the patterns of uncase II
mRNA and protein In cotyledons roots and hypocotyls
during germmatIon and seedling establIshment In bean
organ~ other than nodules a 50 kD polypeptIde Immuno
logically related to uncase II was detected and ItS inItIal
charactenzatIon IS reported Fmally, we show the m SItu
localIzatIon of the uncase transcnpt m the seedhng roots
and dISCUSS the bIOchemIcal and de\ elopmental SIgnifI
cance of these results

MATERIALS AND METHODS

Growth of Plants

Bean (PhasLOlus vulgalls cv Negro Jamapa) seeds were
surface stenhzed m 10% (v Iv) commercIal sodIUm hypo
chlonte for 10 mm and then nnsed several tImes WIth
stenle water GerminatIOn was carned out on mOIst paper
towels In stenle trays at 28°C m the dark Four days
postImbibitIon the seedhngs were grown In an approxi
mately 12-h hght/12-h dark photopenod The plants were
not Inoculated WIth Rhizobium bactena Cotyledons roots
and hypocotyls were harvested at dIfferent tImes postIm
bibitIon (0 h 12 hId 2 d 3 d, 4 d 7 d, and 10 d) frozen
ImmedIately In lIqUId N2 and stored at -70°C Germma
tIon and growth condItIons were the same for Leueaena
leueoe~phala and maIze (Zea malfs)

Isolation and DNA Sequencmg of the Uncase II
cDNA Clone

A bean uncase II clone (pSKun) was Isolated from a
A-Zap cDNA lIbrary constructed from 20-d-old bean nod
ules USing an Incomplete unca~e II cDNA (Sanchez et al
1987) as a probe The nucleotIde sequence of the uncase II
cDNA clone was determmed by the dideoxy chain termi
natIon method (Sanger et al 1977) usmg the Sequenase 2 0
kit (United States BIOchemIcal) The nucleotIde and de
duced aminO aCId sequence were compared With the soy
bean (Gllfeme mwc) and cowpea (Vigna aeonztzjalza) uncase II
USing the GeneWorks computer program versIOn 231
and a~soCIated databanks (IntelhgenetIcs Mountam VIew
CA)

Genomic Southern AnalySIS

DNA was extracted from etIolated bean hypocotyls and
dIgested WIth EeaRI EeaRV HmdIII and XbaI restnctIon
enzymes Twenty-fIve mIcrograms of each restncted DNA
was loaded per lane and fractIOnated on a 08% (w Iv)
agaro~e gel (ManiatIs et al 1982) Southern analvsIs was
performed as descnbed by ManiatIs et al (1982) WIth an

EeoRI NcoI fragment from pSKun (Fig lA) labeled With
[a-32P]dCTP (MultIpnme DNA labelmg system kit Amer
sham) as a probe The hvbndlzed fIlter was washed from
2X SSC and 0 1% (w/\) SDS at 55°C to 0 IX SSC and 0 1%
(w Iv) SDS at 65°C m three steps and exposed to Kodak
X-Omat fIlm for 3 d

RNA Isolation and Northern AnalySIS

Plant matenal prevIOusly harvested and frozen as de
scnbed above was ground In a chllled coffee mill Total
RNA from cotyledons unmfected roots and hypocotyls
was extracted accordmg to the procedure descnbed by de
Vnes et al (1988) Thirty micrograms of total RNA was
loaded per lane In 1% (w Iv) agarose gels containing 22M
formaldehyde as descnbed prevIOusly (Campos et al
1987) After transfer to a nylon membrane (Hybond N+
Amersham) the RNA was hybndlzed With the uncase II
cDNA labeled With [a 32P]dCTP USing the multlpnme
DNA labelmg system kit To ensure that equal amounts of
RNA were loaded the gels were stamed With ethldIUm
bromide and photographed In additIon the fIlters were
hybndlzed With a 28S rRNA probe The hvbndlzed fIlters
were washed from 2X SSC and 01% (w Iv) SDS at 55°C to
oIX SSC and 01% (w/v) SDS at 65°C In three steps and
exposed to Kodak X-Omat fllm The hybndlzatIon Signals
were quantifIed USing the one dimensIOnal analySIS pro
gram (BIO-Image Products MlIhpore)

Protem Extraction and Western AnalySIS

Frozen cotyledons unmfected roots or hypocotyls were
ground In a coffee mIll and Incubated m 25 volumes of
extraction buffer (30% [w Iv] Suc 30 mM Tns-HCl pH 74
and 2% [w Iv] polyvmylpolvpyrrolIdone) for 10 min at 4°C
The extracts were centnfuged at 12 OOOg for 25 min at 4°C
The supernatant flUIds were fIltered through two layers of
Mlracloth (CalblOchem) and preCIpItated With 60% (\ Iv)
acetone Total soluble proteins were determined by the
method of Bradford (1976) The samples were analyzed by
SDS-PAGE USing the LaemmlI (1970) discontinuous buffer
system For western analySIS proteins were electroblotted
onto nitrocellulose membranes (1mmoblion P MlIlIpore) as
descnbed by Maniatis et al (1987) blocked m 5% (w/v)
commerCIal nonfat dry milk In TBST (10 mM Tns-HCl, pH
80 150 mM NaCl and 005% [v Iv] Tween 20) Incubated
WIth antI uncase antibodies (1 1000) and detected With
goat anti-rabbit antibodies coupled to horseradish peroxI
dase (15000 Amersham) usmg the enhanced chemIlumi
nescence detection kit (Amersham) as mdlcated by the
supplIers The exposure time for the western analySIS of the
cotyledons was longer than that reqUired for the roots and
hypocotyls For protein VisualIzatIon the gels were stamed
With Coomassle bnllIant blue (Mernl 1990) or the nitrocel
lulose fIlters were stained With Ponceau S AntI-uncase IS a
rabbit polyclonal antIbody obtained agamst uncase II which
was punfIed to homogeneity from common bean nodules
(Sanchez et al 1987)
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sense RNA (367b)

Fragment used In the
genomic Southern as a

probe

Figure 1 A Restriction map of the uricase II
cDNA clone T7 and T3 promoters from which
transcripts for the In SitU hybridization experl
ments were Initiated are Indicated B Align
ment of the deduced amino aCid sequences
from bean soybean (soyb) and cowpea (vlgn)
uricase II Arrowheads Indicate the HIS and Phe
aminO aCid residues proposed b) Wu et al
(1989) as the copper binding site of the protein
The two conserved motifs of unknown function
are indicated with open boxes above the se
quence The SKL motif for protein Import Into
peroxlsomes IS underlined
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V8 Protease DIgestIOn

V8 protease dIgestion of the crude extracts from 4-d-old
(days postImblbltIon) bean seedhng roots was made m
polyacrylamIde gels as prevlOusly descnbed (Cleveland et
al 1977) Anti uncase (11000) and sheep antI-rabblt-AP
(1 5000 Boehrmger MannheIm) antibodIes were used to
detect the resultmg peptIdes

Urate OXidase ActIvity

Two grams ot vanous bean seedlmg organs was homog
emzed WIth 6 mL of extractlOn buffer (50 mM of potasslUm
phosphate buffer contammg 50 mM KCl 5 mM Mg acetate
1 mM DTT 1 mM EDTA and 4% [wIv] polyvmylpolypyr
rohdone) The extracts were centnfuged at 12000g for 25
mm at 4°C The supernatants were filtered through glass
fiber and centnfuged at 175 OOOg for 15 mm The resultmg
supernatants were preClpltated WIth 60% (v Iv) acetone
resuspended m 2 mL of 85 mM Gly, pH 10 and passed
through a Sephadex G-25 column (0 7 X 26 cm) usmg 85
mM Gly pH 10 as the eluent Urate OXIdase activIty was
measured as descnbed prevlOusly (Bergmann et al 1983)
except that 85 mM Gly pH 10 buffer was used Umts of
uncase actl\ Ity are m nanomoles of OXIdIzed unc aCld per
mmute per mtlhgram of protem Protem concentration was
determmed by the Bradford (1976) procedure

In Situ HybndlzatIon

Umnfected roots from 4-d-old bean seedlmgs and 21 d
old nodules were harvested and fixed at room temperature
overmght m 4% (wIv) paraformaldehyde and 025°0 (\ 1\)
glutaraldehyde m 10 mM sodlUm phosphate buffer pH 6 8
supplemented WIth 1 M NaCl WIth the 1st h under \ac
uum FIxed tissues were dehydrated and embedded m
paraffin followmg the method descnbed by Van de Wlel et
al (1990) Seven-mIcrometer-thIck sections were cut m a
manual mIcrotome The uncase II cDNA clone (pSKun)
Imeanzed WIth HmdIII was transcnbed from the T7 pro
moter and a 441-base antisense RNA labeled WIth (DIG)
ll-nbonucleotIde UTP (Boehnnger MannheIm) was ob
tamed (FIg 1A) The same plasmId dIgested WIth Neol was
transcnbed from the T3 promoter to obtam a 367-base
sense RNA labeled by the same method (FIg 1A)

To estimate the yIeld of the assay the transcnpts were
analyzed by agarose gel electrophoresIs and ethldlUm bro
mide stammg The amount of labeled RNA generated was
measured by dIrect detectlOn dllutlOns of the labeled tran
scnpts and a control DIG-dUTP labeled DNA (5 p,g/mL)
were blotted on a nylon membrane (Hybond N+) and
detected WIth the anti DIG AP antibody (115000 Boehr
mger MannheIm) and the AP substrates 4-mtroblue tetra
zollUm chlonde and 5 bromo-4-chloro 3 mdolyl-phos
phate Sense and antisense RNAs were hybndized to the
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tIssue sectIons accordmg to the protocol descnbed by
McKhann and Hirsch (1993) Equal amounts of labeled
sense and antIsense probes were added to the correspond
mg sectIons The hybndlzatlOn and antIbody incubatIon
tImes were the same for the sense and antIsense expen
ments Probed shdes were dned, mounted m Poly Mount
(PolysCiences Warnngton PA) exammed under a micro
scope (Zeiss) and photographed with X16 X40 and xl00
objectIves usmg 100 ASA 35-mm film (Kodak)

expresSIOn of thiS gene m organs other than nodules usmg
northern analySIS We found an approxImately 1 2-kb tran
scnpt m roots stems and leaves of umnfected adult bean
plants (Fig 3) of the same size as the one found m nodules
(Sanchez et al 1987) mdICatmg that uncase II expressIOn
was not restncted to thiS organ However, transcnpt levels
m Nz-fIxmg nodules were much higher than those of the
other organs exammed

-21226

EIEVHX bp

ExpreSSIOn Pattern of Bean UrIcase II mRNA durmg Seed
Germmatlon and Seedhng Estabhshment

Nz IS actIvely mobilIzed dunng seedlmg development
(Polayes and Schubert 1984) Because uncase II IS a key
enzyme m Nz metabolIsm we mvestIgated the expressIOn
of the uncase II gene m different seedlIng organs dunng
seed germmatIon and seedlmg establishment

Total RNA from cotyledons roots and hypocotyls of
germmated bean seedlmgs was analyzed by northern blots
usmg the nodule uncase II cDNA ab a probe Dunng seed
germmatIon (0 4 8 and 12 h postImblbltIon) uncase II
mRNA was not detected m the cotyledons At 1 d postIm
blbltIon when the radIcle had emerged and seedlIng
growth had started uncase II mRNA was first detected

..
-5148
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-564
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-831

_2027
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-1375
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Genomic Southern AnalysIs

To estImate the complexity of uncase II genes m the P
vulgariS genome, we analyzed total bean DNA digested
with several restnctIon enzymes usmg Southern analysIs
The EeaRl Neal uncase II cDNA fragment was used as a
probe (Fig lA) We detected a smgle hybndlzatIon band m
DNAs restncted with EeaRl and Xbal and two bands m
DNAs restncted with HmdIII and EeaRV (Fig 2) The latter
are restnctIon sites located at the first mtron of the uncase
II gene (N Capote-Mamez and F Sanchez unpublIshed
results Fig lA) We conclude that unlIke m soybean m
which It has been proposed that uncase II IS encoded by a
small gene family (TaJlma et al 1993) m the bean genome
thiS gene eXists as a smgle copy

RESULTS

From a A Zap common bean cDNA lIbrary constructed
from 20 d old nodule RNA a uncase II clone (pSKun) was
Isolated usmg an mcomplete nodule uncase II cDNA clone
(Sanchez et al 1987) as a probe This clone contams the
entIre uncase II codmg regIOn Its nucleotIde and deduced
ammo aCid sequences were obtamed and compared with
the nodule soybean and cowpea uncase II sequences (Fig
IB) The uncase II-codmg regIOns share a high percentage
of IdentIty at the nucleotIde (90% with soybean 94% with
cowpea) and ammo aCid levels (91% with soybean 95%
with cowpea) The bean uncase II cDNA encodes a protem
of 308 ammo aCids that contams the four conserved motIfs
present m all urate oXldases descnbed prevIOusly the V
L K-T-T-Q S motIf (Balroch 1991) and the S P-S-V-Q-KI
H/N-T L Y motIf, each of unknown functIon the H X-H
X F motIf that Jomed to a third HIS (residue 266 m bean
uncase) forms the protem copper-bmdmg site proposed by
Wu et al (1989) and the tnpeptIde S-Baslc-L (S-K-L for
bean soybean and cowpea uncase II), the signal for per
oXisome entry localIzed at the carboxyl termmus of the
protem (MotoJima and Goto, 1989 Wallrath et al 1990 \ an
den Bosch 1992 MIUra et al 1994 Fig IB) The 3 non
codmg regIOn of 294 bp contams a putatIve polyadenyla
tIon signal sequence (AATAAA) located 67 nucleotIdes
from the poly(A +) RNA

Isolation and Characterization of a Uricase II cDNA Clone

ExpreSSIOn of UrIcase II mRNA m Different Organs of
Adult Bean Plants

To determme whether the smgle bean uncase II gene was
expressed m a nodule-specific manner we analyzed the

Figure 2 Southern analySIS of bean DNA restncted With fcoRI (EI)
fcaRV (EV) Hmdlll (H) and '(bal (X) restnctlon enzymes Twenty
five micrograms of each restncted DNA was loaded per lane The
blot was probed With an feaRI Ncol fragment from a pSKun clone
(Fig 1A) Molecular size markers are indicated
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Figure 3 ExpreSSion of uricase II gene In different organs of adult
plants Total RNA (25 p,g) from roots stems leaves and 21 d old
nodules was analvzed by northern blots uSing the uricase II cDNA as
a probe To verify that equal amounts of RNA were loaded the gels
were stained with ethldlum bromide (EtBr) and the filters were hy
brldlzed with a 285 rRNA probe

Q)- E - :::::l
0 Q) CO "'0
0 - Q) 0a: Cf) ~ z

uncase II I• "I
288 rRNA I- 'll" • I
rRNA EtBr

stained I,.. ... -I
.:. ~ ~ '--J

ExpreSSIOn Pattern of Bean Uncase II Protem durmg Seed
GermmatlOn and Seedlmg Establishment

Uncase II protem was also detected m the cotyledons
roots, and hypocotyls of developmg seedlmgs (Fig 5 A B
and C respechvely) Western analysIs showed not only the
35-kD polypephde correspondmg to the uncase II subumt
(Sanchez et al 1987) but m addlhon a nm, el 50-kD
polypephde not found m nodules The 35-kD polypeptIde
was detected m dry seeds and cotyledons at 12 hId and
2 d poshmblbltIOn whereas the 50-kD cross-reactmg
polypephde was vIsible m protems Isolated from cotvle
dons 2 to 10 d poshmblbltIOn (Fig 5A) In roots (Fig 5B)
and hypocotyls (Fig 5C) both polypephdes appeared m
simIlar proporhon and at the same hme m development
which was approximately comcldent with the detectIon of
the uncase II transcnpt m those organs Both forms were
mamtamed at constant levels dunng seedlmg establIsh
ment Although the same amount of protem was loaded m
the three expenments the exposure tImes used m the root
(Fig 5B) and hypocotyl (Fig 5C) western analyses were
conSiderably shorter than those used for the cotyledon
western analysIs (Fig SA) These data mdlCate that the
amount of uncase II protem with respect to the total
soluble protem IS higher m roots and hypocotyls than m
cotyledons

reachmg a maximum at 4 d poshmblblhon (Fig 4A)
Uncase II transcnpts were not detected m the dry embryo
radicle or m radlcles 12 h poshmblbltIOn In developmg
roots the uncase II transcnpt IS detected 1 d poshmblbltIOn
showmg a similar mduchon pattern as that of cotyledons
(Fig 4B) Constant uncase II mRNA levels were mam
tamed m hypocotyls from 3 to 10 d poshmblblhon
(Fig 4C)

Uncase II Is Present m Amide Transportmg legumes

We analyzed total protems from L leucocephala seedlIngs
(a legume that preferenhally transports amldes as mtroge
nous compounds dunng symbIOtIc conditIons) and from a
nonlegummous plant maize (Zea mays) by SDS-PAGE and
ImmunochemlCally with an anh-uncase II antIbody We

A B c
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····1
urcasell I

mANA , ..........

288 lANA I
R:aAn~r_

Oh l2h ld 2d 3d 4d 7d 10d (lime after

... _ ....... _ •• jmblbllon>

28SrRNA fjp••_1
RNA EtB
stamed

Oh 4h 8h l2h ld 2d 4d 7d 10d (bm aft r..... lmbibtO)

U:;~:"II I .... -l
•...·........···--1

Figure 4 ExpreSSion of uricase II gene dUring bean seed germination and seedling establishment Northern blot analysIs of
total RNA from cotyledons (Al roots (B) and hypocotyls (e) Twenty five micrograms of total RNA was loaded per lane
Uricase II cDNA was used as a probe In all experiments The gels were stained With ethldlum bromide (EtBr) and the filters
were hybridized With a 285 rRNA probe The experiments were performed two times With Identical results The mRNA levels
were quantified uSing the one dimensional analySIS program (BIO Image)
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Immunological and Enzymatic AnalysIs of the
50 kD Polypeptide

To determme whether the 50-kD polypephde was a
modlfIcahon product of the 35-kD protem or a dIfferent but
ImmunologlCally related protem, we dIgested the 35- and
50 kD polypephdes wIth V8 protease, separated the reac
hon products on an SDS-PAGE gel and detected the re
sultmg pephdes wIth an anh-uncase anhbody The 50 kD
protem digeshon yIelded three pephdes of 34 7 9 and 7 3
kD (FIg 7) and all dlgestlOn products were recogmzed by
the anh-uncase polyclonal anhbody supportmg the Idea
that the 50-kD protem could be a modIfIed form of the
35-kD uncase

V8 proteolysIs of the 35 kD protem yIelded four dIfferent
pephdes of approxImately 11 76 69, and 58 kD, all of
whIch were recogmzed by the anh uncase anhbody In a
second expenment (FIg 8) we measured uncase speClflc
achvity m cotyledon extracts from dry seeds up to 10 d
poshmblblhon We detected sImIlar uncase-speClflc achv
Ity levels along all stages of cotyledon development Cot
yledons from 3 to 10 d poshmblblhon, contammg only the
50 kD polypephde (FIg SA) had urate oXIdase achvity
These extracts were preCIpItated wIth 15% (vIv) TeA and
analyzed by western blot, corroboratmg the presence of the
50-kD but not the 35-kD protem (data not shown) We also
measured the uncase-specIfIc achvity m other bean seed
lmg organs and mature nodules These results are shown m
Table I A cotyledon extract from maIze m whIch no pro
tem Iffiffiunorelated to bean uncase was detected (FIg 6),
was also mcluded
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Figure 5 E"presslon of uricase II protein during bean seed germIna
tlon and seedling establishment ImmunodetectlOn of uricase II pro
teln In cotyledons (A) roots (B) and hypocotyls (C) All experiments
had a protein sample from 21 d old nodules as a control Crude
extracts of proteins (20 JLg per lane except the nodule extract which
was 2 /-Lg) were analyzed by SDS PAGE and Immunoblottlng with
anti uricase (1 1000) and anti rabbit coupled to horseradish peroxi
dase (1 5000 Amersham) antibodies The exposure time In A was
longer than In Band C Molecular mass standards are indicated
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detected the uncase II subumt (the 35-kD polypephde) and
the 50-kD protem m 4 d-old roots and hypocotyls from L
leucocephala seedlmgs but only the 50-kD form m 4-d-old
cotyledons (FIg 6) the same pattern found m bean seed
lmgs In 4-d-old maIze seedhngs no cross-reactmg bands
were detected m any organ analyzed

Figure 6 Detection ot uricase II protem In hypocotyls roots and
cotyledons of L leucocepha/a Crude extracts of protems (20 JLg per
lane except the nodule extract which was 2 JLg) were analyzed by
SDS PAGE and Immunoblottmg with anti uricase (1 1000) and anti
rabbit horseradish peroxidase (1 5000) antibodies Seedling organ
extracts from maize 4 d postlmblbltlon were also Included Molec
ular mass standards are indicated

)

) ~



Common Bean Uncase II and Its ExpressIon 1313

Plant Organ Uncase SpeCIfic ACtiVity

units mg- 1 protein

Bean cotyledons 4 d old 3 74 :!: 040
Bean roots 4 d old 15 40 :!: 084
Bean hypocotyls 4 d old 13 33 :!: 1 61
Bean nodules 21 d old 1790 :!: 380
Maize cotyledons 4 d old 0 00

Table I Unease speCifIc actIvIty from different plant organs

a Units of uncase activity are In nanomoles of OXidized unc aCid
per minute under the conditions of the reaction..
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14 _ scnpts were detected m the root vascular tissue (Fig 9) In
the xylem the signal accumulated m the cytoplasm of the
parenchyma cells that surround the metaxvlem vessels
(Fig 9 A and C) These cells have a hvmg protoplasm at
matunty, as shown m the micrographs (Fig 9E) Some of
the cytoplasm IS so closely appressed to the cell wall that
the signal seems to be over the wall In the phloem the
signal was confmed to the cytoplasm of phloem fIbers (Fig
9 A and D) Although ftbers are usually dead late m
development the fibers we analyzed had not lost theIr
cytoplasm at thiS stage of development (4 d postImblbltIon
Fig 9F) We also performed m Situ hybndlzatIon expen
ments on 21 d old nodule sectlOns as a posItive control We
detected the uncase II mRNA not only m the umnfected
cells of the central tissue as prevlOusly reported (Tate et al
1994 Papadopoulou et al 1995) but also m the nodule
parenchyma cells and m the vascular tissue (Fig 9G) No
Signal was detected m the mfected cells or m the outer
cortex of the nodule Sense controls did not exhibit any
hybndlzatIon Signal (Fig 9 B and H)

DISCUSSION

Uncase II has been commonly studied m troplCallegume
nodules because of ItS participation m ureide blOsynthesls
dunng the symblOsls these plants estabhsh With bactena of
the genera RhIzobIum and Bradyrhlzoblum In thiS work we
have demonstrated that thiS enzyme IS also expressed m
other bean organs (roots stems and leaves Fig 3) and that
ItS expresslOn IS probably modulated when the plant needs
to moblhze reduced Nz Ie dunng seedlmg estabhshment
The presence of a smgle uncase II gene m the bean genome
(Fig 2) suggests that different regulatory mechamsms for
the uncase II gene rather than differential regulation of
several genes, account for ItS expresslOn m response to the
different stImuh of symblOsls and development

Bean plants associated With Nz-ftxmg bactena mamly
transport mtrogenous compounds as ureldes However
even m nonnodulated bean plants the transport of ureldes
constitutes about 13 to 42% of the total orgamc Nz m the
xylem sap (Thomas and Schrader 1981) The uncase de
tected m the seedlmg (Fig 5) and adult plant organs (Fig
3) probably mamtams thiS ureide transport rate dunng
seedlmg and plant development On the other hand plants
are C-starved durmg seed germmatlOn and seedlmg estab
hshment, before photosynthesIs starts (Schubert and Bo
land 1990) In these condltlOns the blOsynthesls of ureldes
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oh 12 h 1 d 2 d 3 d
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Figure 7 Immunoblot analysIs of peptldes generated from the 35
and 50 kO proteins by VB hydrolysIs The two bands that cross
reacted With the antI uncase antibody were dIgested In the gel With
VB protease loaded In 50S PAGE and Immunodetected WIth antI
uncase (1 1000) and anti rabbIt AP (1 5000 Boehnnger MannheIm)
antIbodies Arrows indicate the resulting peptldes Molecular mass
standards are indicated
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SpatIal locahzatlon of Uricase II Transcripts In the Roots
of Developing Bean Seedlings

To deternune the 10cahzatIon of the uncase II mRNA m
developmg bean roots 4-d-postnnblbltIon roots were col
lected and exammed by m Situ hybndlzatIon We used
antisense and sense (as a control) DIG-labeled mRNAs as
probes (see Matenals and Methods) Uncase II tran-

FIgure 8 Uncase specific activity In the cotyledons of developing
bean seedlings Five mlcromolar unc aCid (e) or no unc aCid (.) was
used In the reactions as a substrate Each value IS the mean:!: so of
three expenments Each expenment Included tnpllcate samples
Units (U) of uncase activity are In nanomoles of OXidized unc aCid
per minute under the conditions of the reactIOn
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Figure 9 Localization of uncase II transcnpts In 4 d postlmblbltlOn roots of bean seedlings by In Situ hybndlzatlon Tissues
were fixed embedded In paraffin cut Into 7 JLm sections and hybndlzed with DIG labeled sense and antisense probes
Anti DIG AP (1 2500 Boehnnger Mannhelm) and the substrates 4 n1troblue tetrazollum chloride and 5 bromo 4 chloro
3 Indolyl phosphate were used to detect hybndlzatlon Photographs were taken with x 16 X40 and xl 00 objectives Bars
represent 10 JLm (1 ILm for electron micrographs) A C and D Root cross sections hybndlzed with antisense uncase II RNA
B root cross sections hybndlzed with sense uncase II RNA E and F electron micrographs showing the metaxylem
parenchyma cells (E) and the phloem fibers (Fl of the vascular tissue from 4 d postlmblbltlon bean roots f Phloem fibers
pp pith parenchyma xp metaxylem parenchyma cells and xv metaxylem vessels G Nodule cross sections hvbndlzed
with antisense uncase II RNA H nodule cross sections hybndlzed with sense uncase II RNA c Cortex I Infected cells nl
noninfected cells v vascular tissue and vp vascular parenchyma

A
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m whICh uncase II particIpates, may be a strategy for
energy conservatIOn (Mothes 1961) The detection of the
uncase II protem m L leucocephala seedlmgs (FIg 6), an
amIde-transporter legume suggests that thIS legume uses a
slITular strategy to Improve the plant C economy durmg
seedlmg development Although we could not detect any
uncase II antigen or urate oXIdase activIty m maIze seed
lmgs under our expenmental condItions, we cannot dIS
card the possIbIlIty that thIS plant contams uncase II Al
ternatively maIze plants could use a strategy other than
the transport of ureides to Improve C metabolIsm durmg
seedlmg establIshment

The expressIOn of the uncase II gene IS mduced m bean
cotyledons at the onset of seedlmg development, approXI
mately 1 d postImbibitIon, comCIdmg wIth the begmnmg of
reserve mobIlIzation (FIg 4A) A maSSIve hydrolYSIS of
DNA and RNA takes place m the seed durmg germmatIon
elevatmg the levels of purmes whIch are substrates for
ureIde bIOgeneSIS (Polayes and Schubert, 1984) and may
also partICIpate m uncase II mductIon The presence of
uncase II transcnpts m developmg bean roots and hypo
cotyls (FIg 4, Band C) suggests that these organs are also
able to syntheSIZe ureides

In addItIon to the uncase II SUbunIt (a 35-kD polypep
tIde) we detected a uncase-related protem of 50 kD m
developmg cotyledons roots and hypocotyls of bean seed
lIngs that, mterestmgly, IS not found m nodules TaJ1ma et
al (1991) reported the detectIOn of a less abundant band of
hIgh molecular weIght by Immunoblot analySIS of soybean
cotyledon protems WIth antI-uncase antibody They sug
gested that thIs band could be the dimenc form of the
uncase protem Damsz et al (1994) also reported the de
tection of uncase II and two hIgh-molecular-weIght
polypeptIdes m protems extracted from 28-d-old soybean
nodules However, the molecular mass of the 50-kD
polypeptide (FIg 5) does not correspond to a dimer of a
35-kD monomer and the three peptIdes denved from ItS
dIgestIOn WIth V8 protease have SIzes dIfferent from those
denved from the 35-kD protem (FIg 7) ThIs supports the
Idea that the 50-kD polypeptIde we detected IS not a
dimenc form of the enzyme

The 50-kD polypeptide may be a modIfIed verSIOn of the
35-kD protem, whIch could give nse to dIfferent-sIzed
peptIdes after V8 proteolySIS However these putative
modIfIcatIOns do not seem to be due to ubIqUltmatIon of
the 35-kD uncase II subumt as a SIgnal for protem degra
dation because antI-ubIqUltm antibodIes dId not cross
react WIth the 50-kD band (data not shown) It IS pOSSIble
that a dIfferential splIcmg of the uncase II mRNA m coty
ledons roots, and hypocotyls could gIve nse to a hIgher
molecular-weIght protem but northern analySIS conSIS
tently showed only a smgle 1 2-kb uncase II transcnpt m all
organs mcludmg nodules (FIg 3) Alternatively, the 35
and 50-kD polypeptides may represent related but dIStInCt
protems encoded by dIfferent genes The 50-kD protem
could share reactIve epitopes WIth the 35-kD uncase pro
tem but the nucleotIde sequence of the correspondmg
genes would not have enough IdentIty to be detected by
nucleIC aCId hybndizatIOn expenments ThIs pOSSIbIlIty
was explored by usmg less strmgent hybndizatIOn and

washmg condItions m the Southern and northern analyses
No dIfferences were found from the results presented (data
not shown)

Extracts from seedlmg cotyledons contammg only the
50-kD polypeptide had urate OXIdase actiVIty (FIg 8) sug
gestmg that the ImmunolOgically related protem has
uncase actiVIty Uncase-speCIfic actiVIty was mamtamed m
bean cotyledons dunng all the stages of bean seedlmg
development (from dry seeds to 10 d postImbibitIon FIg
8) Furthermore, we also detected a hIgher uncase-specifIc
actIVIty m roots and hypocotyls from 4-d-postImbibitIon
bean seedlmgs (Table I), m whIch both polypeptIdes were
present In contrast, TaJ1ma et al (1991) reported the pres
ence of uncase actiVIty m cotyledons from soybean seed
lmgs, but thIS actiVIty decreased by 5 d postImbibitIon
AddItionally they reported lower uncase levels m devel
opmg soybean hypocotyls whIch dIsappeared rapIdly by
2 d postImbibitIon

The 35-kD uncase II polypeptIde IS present m the dry
seed and remaIns m the cotyledon 12 hand 1 d postImbi
bitIon (FIg 5A) although uncase II mRNA IS not present at
these stages of development (FIg 4A) It IS hkely that the
uncase II protem that partICIpates m ureIde bIOsyntheSIS
dunng the seed-fIllmg penod but not ItS mRNA IS mam
tamed m the cotyledon dunng deSIccatIOn and early ger
mmatIon The detection of the uncase II transcnpt com
CIdes WIth the progreSSIve dIsappearance of the 35 kD
protem and the accumulatIon of the 50 kD polypeptide
further supportIng the hypotheSIS that the 50 kD polypep
tide could be a modIfIed verSIOn of the 35-kD protem We
are contmumg WIth these mvestIgatIons

Uncase II transcnpts have been localIzed by m SItU hy
bndizatIon m the unmfected cells of the central tissue of
bean nodules (Tate et al 1994 Papadopoulou et al 1995)
However we have also detected uncase mRNA m the
vascular tIssue that traverses the nodule as well as m
nodule parenchyma cells (FIg 9G) confIrmmg the results
of Vaughun and Stegmk (1987) who found uncase II m
cells of the vascular parenchyma of effective nodules In thIs
work we have extended these localIzatIon studIes to devel
opmg bean roots 4 d pOStImbibitIon Here the SIgnal for
uncase II transcnpt was pnmanly detected m the metaxy
lem parenchyma cells that surround the large xylem vessels
(FIg 9, A and C) and m the phloem fIbers (FIg 9 A and D)

Electron rrucroscopy showed that the phloem fIbers from
young roots contam a hvmg cytoplasm as so do the pa
renchyma cells m whIch the uncase II SIgnal IS detected
(FIg 9 E and F) The metaxylem parenchyma cells are
conSIdered to be active m the transport of solutes because
they contam abundant mitochondna and ER (Chonan et al
1981) Uncase II lIkely syntheSIzes ureides m the
metaxylem-parenchyma cells and transports them to the
xylem vessels through the abundant plasmodesmata that
mterconnect both cell types The ureides would be dIstnb
uted from the xylem vessels to the whole plant The pres
ence of uncase II m the phloem fIbers however IS not
easIly explamed These cells serve mamly as support and
have a very thIck cell wall SakuraI et al (1996) detected
cytosohc Gin synthetase (EC 6 3 1 2) m the phloem fIbers
and xylem parenchyma cells from nongreen leaves of de
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velopmg nce plants They proposed that thIS enzyme
mIght particIpate m the assImIlation of NH4 + denved from
the Phe ammoma-lyase (EC 4 3 1 5) reaction the key en
zyme for bIOsynthesIs of lIgnm polymers m the cell wall
The NH4 + assImIlated by the Gin synthetase may be mcor
porated as m nodules to the synthesIs of punnes and theIr
converSIon mto ureldes WIth the subsequent particIpation
of the uncase II enzyme Expenments are m progress to
establIsh the role of uncase II m the vascular tissue of bean
seedlmgs
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m whIch uncase II partiCIpates may be a strategy for
energy conservation (Mothes, 1961) The detectlOn of the
uncase II protem m L leucocephala seedhngs (FIg 6), an
amIde-transporter legume, suggests that thIs legume uses a
sImIlar strategy to 1mprove the plant C economy durmg
seedlmg development Although we could not detect any
uncase II antigen or urate OXIdase actiVIty m maIze seed
lmgs under our expenmental condItions we cannot dIS
card the poss1bIlIty that th1S plant contams uncase II Al
ternatively ma1ze plants could use a strategy other than
the transport of ure1des to 1mprove C metabolIsm dunng
seedlmg establIshment

The expresslOn of the uncase II gene 1S mduced m bean
cotyledons at the onset of seedlmg development approx1
mately 1 d postImb1b1tIon comCIdmg w1th the beg1nnmg of
reserve mob1hzatIon (F1g 4A) A maSS1ve hydrolys1s of
DNA and RNA takes place m the seed durmg germmatlOn,
elevating the levels of purmes whIch are substrates for
ure1de blOgenes1s (Polayes and Schubert 1984) and may
also partiCIpate m uncase II mductIon The presence of
uncase II transcnpts m developmg bean roots and hypo
cotyls (F1g 4 Band C) suggests that these organs are also
able to syntheslZe ure1des

In add1tIon to the uncase II subumt (a 35-kD polypep
tide) we detected a uncase-related protem of 50 kD m
developmg cotyledons, roots and hypocotyls of bean seed
lmgs that mterestmgly 1S not found m nodules TaJ1ma et
al (1991) reported the detection of a less abundant band of
hIgh molecular we1ght by 1mmunoblot analys1s of soybean
cotyledon protems w1th antI-uncase antlbody They sug
gested that thIs band could be the d1menc form of the
uncase protem Damsz et al (1994) also reported the de
tection of uncase II and two hIgh molecular-we1ght
polypeptides m protems extracted from 28-d-old soybean
nodules However the molecular mass of the 50-kD
polypeptide (F1g 5) does not correspond to a d1mer of a
35-kD monomer and the three peptIdes denved from 1tS
d1gestlOn w1th V8 protease have SIzes d1fferent from those
denved from the 35-kD protem (FIg 7) Th1S supports the
Idea that the 50-kD polypeptide we detected 1S not a
d1menc form of the enzyme

The 50-kD polypeptlde may be a modIfIed verSlOn of the
35-kD protem wh1ch could gIve nse to dIfferent-sIzed
peptIdes after V8 proteolys1s However these putative
modIfIcatlOns do not seem to be due to ubIqUltInatlon of
the 35-kD uncase II subumt as a SIgnal for protem degra
dation because antI-ub1qUltm antIbod1es d1d not cross
react w1th the 50-kD band (data not shown) It 1S poss1ble
that a d1fferentIai splIcmg of the uncase II mRNA m coty
ledons, roots and hypocotyls could gIve nse to a h1gher
molecular-weIght protem, but northern analysIs conSIS
tently showed only a smgle 1 2-kb uncase II transcnpt m all
organs mcludmg nodules (FIg 3) Alternatively the 35
and 50-kD polypeptides may represent related but d1stmct
protems encoded by dIfferent genes The 50-kD protem
could share reactive ep1topes WIth the 35-kD uncase pro
tem but the nucleotide sequence of the correspondmg
genes would not have enough 1dentIty to be detected by
nucleIC aCId hybndIzatlOn expenments ThIS possIbIhty
was explored by usmg less strmgent hybnd1zatIon and

washmg cond1tIons m the Southern and northern analyses
No d1fferences were found from the results presented (data
not shown)

Extracts from seedlmg cotyledons contammg only the
50-kD polypeptide had urate OXIdase actIv1ty (F1g 8) sug
gestmg that the 1mmunolog1cally related protem has
uncase actIv1ty Uncase-speCIflc actIv1ty was mamtamed m
bean cotyledons durmg all the stages of bean seedlmg
development (from dry seeds to 10 d postImb1b1tIon F1g
8) Furthermore, we also detected a h1gher uncase-speCIflc
actiVIty m roots and hypocotyls from 4 d-postImb1b1tIon
bean seedlmgs (Table I), m wh1ch both polypeptides were
present In contrast TaJIma et al (1991) reported the pres
ence of uncase actIv1ty m cotyledons from soybean seed
hngs but th1S actIv1ty decreased by 5 d postImb1b1tlOn
AddItlOnally they reported lower uncase levels m devel
opmg soybean hypocotyls wh1ch d1sappeared rap1dly by
2 d postImb1bItIon

The 35-kD uncase II polypeptide 1S present m the dry
seed and remams m the cotyledon 12 hand 1 d postImb1
b1tIon (F1g 5A) although uncase II mRNA 1S not present at
these stages of development (F1g 4A) It 1S hkely that the
uncase II protem that partiCIpates m ure1de blOsynthes1s
dunng the seed-f111mg penod, but not 1tS mRNA 1S mam
tamed m the cotyledon dunng des1ccatIon and early ger
mmatIon The detection of the uncase II transcnpt com
cIdes w1th the progress1ve dIsappearance of the 35-kD
protem and the accumulatlOn of the 50-kD polypept1de
further supportmg the hypotheSIS that the 50-kD polypep
tide could be a mod1fled verSlOn of the 35-kD protem We
are contmumg w1th these mvestIgatIons

Uncase II transcnpts have been locahzed by m Sltu hy
bndIzatIon m the umnfected cells of the central tissue of
bean nodules (Tate et aI, 1994 Papadopoulou et al 1995)
However we have also detected uncase mRNA m the
vascular tissue that traverses the nodule as well as m
nodule parenchyma cells (F1g 9G) conflrmmg the results
of Vaughun and Stegmk (1987) who found uncase II m
cells of the vascular parenchyma of effective nodules In th1s
work we have extended these 10cahzatIon stud1es to devel
opmg bean roots 4 d postlmb1bItlon Here the slgnal for
uncase II transcnpt was prunanly detected ill the metaxy
lem parenchyma cells that surround the large xylem vessels
(FIg 9 A and C) and m the phloem flbers (F1g 9 A and D)

Electron mICroscopy showed that the phloem flbers from
young roots contam a hvmg cytoplasm as so do the pa
renchyma cells m WhICh the uncase II slgnal 1S detected
(FIg 9 E and F) The metaxylem parenchyma cells are
conSIdered to be active m the transport of solutes because
they contam abundant mItochondna and ER (Chonan et al
1981) Uncase II hkely synthes1zes ure1des m the
metaxylem-parenchyma cells and transports them to the
xylem vessels through the abundant plasmodesmata that
mterconnect both cell types The ureldes would be d1stnb
uted from the xylem vessels to the whole plant The pres
ence of uncase II m the phloem f1bers however 1S not
eas1ly explamed These cells serve mamly as support and
have a very th1Ck cell wall Sakurai et al (1996) detected
cytosohc GIn synthetase (EC 6 3 1 2) ill the phloem flbers
and xylem parenchyma cells from nongreen leaves of de
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velopmg nce plants They proposed that this enzyme
might parhClpate m the assimilahon of NH4 + denved from
the Phe ammoma-Iyase (EC 4315) reachon the key en
zyme for bIOsynthesIs of lIgmn polymers m the cell wall
The NH4 + assimIlated by the GIn synthetase may be mcor
porated, as In nodules to the synthesIs of punnes and their
converSIOn mto ureldes with the subsequent parhclpahon
of the uncase II enzyme Expenments are In progress to
establIsh the role of uncase II In the vascular hssue of bean
seedlIngs
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