On- BCF-F22-

FINAL REPORT

Covering Period 08/20/92-08/30/97

Submitted to the Office of the Science Advisor
U S Agency for International Development

REGULATION OF THE ENZYMES OF THE UREIDE BIOSYNTHESIS IN
TROPICAL VARIETIES OF LEGUMES

Principal Investigator
Dr Federico Sanchez
Grantee Institution
Department of Plant Molecular Biology
Institute of Biotechnology
Universidad Nacional Autonoma de México

Collaborator
Dr Mauricio Bustos
Department of Biological Sciences
University of Maryland
Project no 12 367

AID Grant Project Officer
Patricia A de Santos

Project Duration

August 1992-August 1997



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-ll gene in P vulgaris

Uricase Il 1s an enzyme highly induced in root nodules during
the symbiosis established between tropical legumes and soll
bacternia of the genus Rhizobium and Bradyrhizobium It participates
in the biosynthesis of ureides, 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 Il i1s encoded by a single gene in
the Phaseolus vulgaris haploid genome During this investigation, it
was published (Capote and Sanchez, Plant Physiology 115 1307-
1317, 1997) that this gene 1s expressed In roots, stems and leaves
of adult bean plants, and that its expression Is Induced In
cotyledons, roots and hypocotyls during seedling establishment /n
situ hybridization and immunodetection experimenis showed that
uricase Il mRBNA and protein are localized Iin 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-ll 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’ senal deletions (constructed by
Exo lll and PCR) were cloned In phase to the GUS bacterial reporter
gene In pBi121 for Agrobacterium mediated infection In transgenic



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 vulgaris n order to Increase bean
productivity
Legumes, are a primary source of protein in the diet of the vast
majority of the Latin American and African 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 amides
(glutamine and asparagine) to ureides (allantoin and allantoic acid)
occurs when they are infected with efficient nitrogen-fixing
bacteria (Matsumoto et al, 1977, Fujihara and Yamaguchi, 1980)

Root nodules are highly specialized symbiotic organs where the
differentiated bacteria or bacteroids, are able to reduce atmospheric
nitrogen into ammonia (Sanchez et al, 1991, Mylona et al, 1995)
Ammonia 1ons are excreted into the plant infected cell cytoplasm,
assimilated into glutamine and then incorporated into de novo purine
biosynthesis (Schubert, 1986) In the nodule infected and non-
infected cells, these purines are catabolized and consequently
converted Into ureides that are transported to the aerial parts of the
plant (Matsumoto et al, 1977, Pate et al, 1980,) Xanthine
dehydrogenase, uricase-ll and allantoinase are the last three
enzymes that participate in the ureide bilosynthetic pathway and are
mostly located In the nodule non infected cells (Atkins et al, 1980,
Boland and Schubert, 1982)

Uricase Il catalyzes the oxidative cleavage of uric acid into



allantoin and COa, liberating HoO2, The enzyme has been purified
from cowpea (Ranbird and Atkins, 1981), soybean (Legocki and
Verma, 1979, Lucas et al, 1983, Bergmann et al, 1983) and bean
(Sanchez et al, 1987) nodules It i1s preferentially synthesized on
free polysomes during nodule development and 1s localized In the
peroxisomes of nodule non-infected cells (Hanks et al, 1981, Nguyen
et al, 1985, Kouchi et al, 1989) In effectively nodulaied bean
plants, uricase |l expression 1s highly induced before N2 fixation
starts It constitutes approximately 2% of the total soluble protein
of the nodule (Sanchez et al, 1987) In empty nodules induced by
Rhizobium mutants, the amount of uricase |l mRNA 1s 10% In respect
to those nodules infected with the wild type bacteria, suggesting
that several events during nodule development (eg nodule induction,
bacteria release, nitrogen fixation) are decisive for the regulation of
uricase Il gene

expression (Padilla et al, 1991)

Low uricase Il activity has been detected In soybean callus
tissue, where 1t 1s regulated by oxygen availability (Larsen and
Jochansen, 1986) This enzyme has also been found In soybean
cotyledons and hypocotyls during seed development and early
germination (Tajma et al, 1991) In soybean cotyledons, uricase Il
has been immunocytochemically detected In the peroxisomes of this
organ (Damsz et al, 1994) In this plant, uricase Il 1s encoded by a
small gene family that could have similar expression control
mechanisms In nodules and developing seeds (Tayma et al,1993)
Another uricase activity (uricase-l) has been detected In soybean
seed radicles, but this activity was due to a diamine
oxidase/peroxidase system with different characternstics to nodule
uricase (Tayma et al, 1983, Tajma et al, 1985)

Given the above background, the study of the genetic
regulation of the uricase-ll 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 isclation

and characterization of the bean nodule uricase Il ¢cDNA This
objective was accomplished It became important to demonstrate If
uricase |l was encoded by a multigene family, as reported for



soybeans( REF) We concluded that a single copy of the uricase Il
gene 1s present in the Phaseolus vulgaris haploid genome
Furthermore, beside the nodule, this gene i1s expressed Iin different
organs of the seedling and the adult plant This study also indicted
the temporal expression pattern of uricase |l mRNA and protein In
cotyledons, roots and hypocotyls during germination and seedling
establishment We also show the In situ localization of the
transcript and the histological immunodetection of the antigen In
the mentioned seedling organs  Additionally, uricase !l protein was
detected by western blot In Leucaena seedling organs, suggesting
that this protein participates in seedling development in legumes
that do not transport ureides The anti-uricase antibody also
recognizes a 50-KDa peptide that is present in cotyledons, roots and
hypocotyls but not in nodules (Capote and Sanchez, 1997)

Future directions

We are currently investigating the nature of this 50-KDa protein, our
current hypothesis 1s that part of this enzyme i1s postranslational
modified when expressed ouiside the nodule and probably this
modification does not allow the enzyme to be transported into the
peroxysomes in vascular bundles

RESEARCH ACCOMPLISHMENTS

During this period, two papers In international journals have been
published, and 9 presentations In scientific meetings were
presented Two students graduated (one Phd and a BS) Additionally,
there 1s a plethora of unpublished results that will be polished in
order to be submiited for publication

The unpublished data I1s presented In this section

The aim of the proposed research was to Investigate the signals
(bacterial, plant or environmental) which modulate the expression of
the uricase-ll gen in Phaseolus vulgaris nodules Therefore, in our
laboratory we have subcloned and characterized a Phaseolus vulgaris
uricase-Il cDNA clone that was further used as a probe for the
1solation of a uricase genomic clone from the lambda-EMBL3A
genomic library (Cuernavaca, last year report) a 1572 bp regulatory
region has been sequenced and characterized (Cuernavaca and
Maryland) We have obtained its complete nucleotide sequence
(Cuernavaca and Maryland) and the start ATG codon as well as the



transcriptional start site (+1) was located 20 bp from the ATG as
determined by primer extension (Cuernavaca) Putative regulatory
motifs with discrete homology to other reported plant gene
promoters, were also identiflted (Maryland) The TATA box, OSE
(Organ Specific Element) that contain the CTCTT and AAAGAT
motives found n late nodulin gene promoters from bean Npv30,
soybean N-23 and Ibc3, an A/T rich regions conserved In other
soybean and bean nodulin 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
electroporation into protoplasts of non-infected cells from bean
nodules The regulatory sequences Involved In the transcriptional
regulation of a uricase-ll promoter GUS Nos3’ gene fusion

. Cis regulatory regions studied in planta Regulatory in  vivo
studies by the introduction of a uricase-ll promoter GUS Nos3’
chimeric gene and derivatives in transgenic Lotus corniculatus
and hopefully Phaseolus vulgaris transformed by
Agrobacterium

. Cis regulatory studies In cotyledons Transient gene
expression In bean cotyledons by particle bombardment with
the uricase-ll promoter GUS Nos3’ chimeric gene dernvatives,
constructed for the electroporation studies mentioned above

REGULATORY STUDIES IN ELECTROPORATED BEAN NODULE
CELL PROTOPLAST

Transcriptional gene fusions, made from the promoter region (1572
bp) and its 5’ serial deletions (constructed by Exo Ill and PCR) were
cloned in phase the GUS bacterial reporter gene by subcloning the
respective genomic fragment into the polylinker region of the GUS
vector plasmids pBi1121 (for Agrobacterium mediated infection In
transgenic plants) and pBi426 (for the transient expression studies)
With these molecular tools we will be able to electroporate
protoplast 1solated from fully infected or from non-infected nodules



In this respect, we have selected five pBi426 plasmid derivatives
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 A/T-rich region), pBi426-2, 480 bp
(TATA box, 3 OSE, A/T nch and 2 G boxes) and pBi426-1,1572 bp
including 3 more OSE motifs

REGULATORY STUDIES IN TRANSGENIC PLANTS

Lotus corniculatus are been transformed by Agrobacterium
rhizogenes according to Pefit et al 1987 where an average time to
obtain a complete transgenic plant 1s five months As an
alternative, we are also following the protocol of Hansen J et al
1989 where the process s Interrupted at the level of a chimeric
plant (transformed roots and normal aerial parts) this process only
requires about the half of the time I[n 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 corniculatus transgenic nodules, in particular the transfer
into Agrobacterium  of different plasmid constructs, optimal seed
germination and plant survival after transformation with the
different A rhizogenes strains, and last excision of hairy roots and
shoot regeneration We are In the process of quantifying the reporter
enzymatic activity in the transgenic nodules We will switch to
Lotus japonicus (Thykjaer et al, 1998) In the near future given all
the advantages that this diploid plant has over Lotus corniculatus
whis s tretraploid

During the last year we have started to attempt to transform
Phaseolus vulgaris  germinated seedlings under vacuum with either,
A tumefasciens or A rhizogenes containing a 35S-GUS-Nos3’
construct The nfiltrated plants (germinating cotiledons) were
inoculated with Rhizobium etli n order to avoid a hypersensiiive
response of common bean to Agrobacterium  infection In the



survivors, locahzed foci of transformed cells were evident only In
the roots of those bean plants transformed with A tumefasciens |t
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 meristems and then follow the transformation In tissue
culture conditions Instead of vermicuhte  With these improvements
we hope to Increase the transformation rate and the amount of
transformed zones (GUS blue spots) in order to introduce the
uricase-ll promoter ( chimeric 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 1s likely that the substrates for both enzymes
(allantoin and allantoic acid, respectively) come from nitrogen
recycling in the cotyledons The enzyme responsible for the
production of allantoin I1s uricase-ll and Iin consequence It would be
of Interest to detect the expression of uricase-ll transcript In the
cotyledons By northern analysis we have been able to detect
uricase-ll expression in bean cotyledons of 1, 2, 4, 7 and 10 days
after imbibittion There was no detection of uricase Il transcripts In
dry seeds, but only in 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 footprinting DNAse-protection assay
to gain incite into the factors involved in the genetic control of the
uricase-ll gene In bean nodules In particular we have previously
reported( Padilla, et al 1991) that uricase-ll mRNA could be
detected In bean nodules 2-3 days before nitrogen fixation and that
about 10% of the maximal expression was present in empty nodules (



non-fixing nodules without rhizobial 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 I1s a
possibility that uricase-Il could have a role In nodule development,
besides the obvious role in ureide biogenesis In particular, Lee et al
1993, suggested that uncase-l1l could have a role in peroxisome
biogenesis (uricase-ll 1s a peroxisomal enzyme) because transgenic
Vigna plants expressing an anti-sense mRNA, which arrest uricase-
Il expression, had the number and the shape of the peroxisomes
affected In this regard we will transform Lotus japonicus
(Thykjaer et al, 1998) plants with a full-lenght uricase-ll cDNA
clone under the control of the 35S and its own promoter Since
Lotus 1s not a ureide-producing plant we expect that the over-
expression of this gene In nodules and cotyledons will induce the
biogenesis of peroxisomes The analysis will be performed by
electron microscopy In nodule and cotyledons embedded tissues



Project Activities/Outputs

Graduated Students

Nieves Capote a PhD student fully devoted to this project,
obtained her degree in September 1997
Elisa Ledn 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 Biosynthetic Pathway In
Tropical Legumes Bean Advance Biotechnology Research
Network, BARN, (eds WM Roca et al) Centro Internacional de
Agricultura Tropical (CIAT) Cali, Colombia pp 379-385

Nieves Capote and Federico 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
Jjournals with the acknowledgment to the partial support of this AID
project

Meeting Presentations

N Capote, F Campos, J Padllay F Sanchez

Charactenzation of the uricase-ll gene of Phaseolus vulgars
VIl PAABS Congress XIX Sociedad Mexicana de Bioguimica
Sociedad Espaiola de Bioquimica Sept 27-Oct 2, 1992

N Capote y F Sanchez

Regulacion del gen de uricasa-ll en ndédulos de Phaseolus
vulgaris

VI Reunion Nacional de Biloquimica Vegetal

Universidad Michoacana de San Nicolas de Hidalgo October
10-14, 1993
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Nieves Capote and Federico Sanchez

Regulation of the Uricase-ll 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 Ledn, F Sanchez

Regulacién del gen de uricasa en nodulos de Phaseolus
vulgaris

Sociedad Mexicana de Bioquimica XX Congreso Nacional
Universidad de Zacatecas Zacatecas, Zac October 30-Nov 4,
1994

N Capote, M de J E Ledn & F Séanchez

Regulation of the Uricase-ll gene In nodules of Phaseolus
vulgaris 1er Simposium México Estados Unidos sobre
Agrobiologia, fisiologia y biotecnologia de

cultivos importantes para la agricultura mexicana  Cocoyoc,
Morelos, @ México November 5-9, 1995

F Sanchez

Simposio Biologia Molecular de Plantas Regulacion
Genetica de la via de ureidos XIC Congreso de la
Sociedad Espafola de Bioquimica y Biologia Molecular

| Reunion con la Societé Francaise de Biochimie et Biol ogle
Moléculaire Cordoba, Espaiia September 24-28,
1995 Invited Speaker

M de Jesus Elisa Leon, Nieves Capote y Federico Sanchez
Regulacién de la expresidn del gen de Uricasa Il en plantas
transgénicas de Lotus corniculatus y Phaseolus vulgaris

XXl Congreso Nacional de Bioquimica Manzanillo, Col
November 3-7, 1996

Nieves Capote and F Sanchez
Characterization of the Common Bean Uricase |l and its
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Expression in Organs other than Nodules
16th North American Conference on Symbiotic Nitrogen
Fixation February 1-6 1998 Cancun, México

Travel

Nieves Capote spent one month in Dr Mauricio Bustos Lab to perform
the particle bombardement experiments and to finish the DNA
sequence of the uricase-ll regulatory region

Personal Involved Two students, Nieves Capote (PhD) and Eliza
Ledén (BS) were full-time involved in this project(Cuernavaca) Also a
technitian supported by the University of Mexico partially assisted
in this project (MS, Juan Olivares)

Additional Support This project was additionaly supported by the
University of Mexico, grant Direccion General de Asuntos del
personal Académico IN 3000993, in fact the work never stoped
during the period that funds were not available due to to the fact
that 1t 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 0/30/26 but funds were not
available from 1994 up to beginning of 1997
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Genetic regulation of the ureide
biosynthetic pathway in tropical legumes

F Sanchez', N Capote', J Padilla’, J L Ortega', H Kuin?
{s,nd M Lara'*

ABSTRACT

Legume crops such as soybean cowpea and beans are a major source of
protein for the population in developing countries  Most of the sustainable
agrculture on these crops depends almost completly on Biological Nitrogen
fixation (BNF) This symbiosis 1s potentially capable of supplying the
nitrogen requirements of the plant from atmospheric nifrogen hence the
importance for understanding the basis for the stabishment and functioning
of such interaction In the Rhizobrum-legume interaction an exchange of
molecular signals regulates the expression of genes essential for infection
nodule development and function (Brewin 1991 Hirsch 1992) Effectively
nodulated legumes fall within the classes of being either amide exporting or
ureide exporting species (Alkins CA 1987) High concentrations of ureide
nitrogen 1n the xylem stream is usually associated with effective nodulation
and high rates of fixation in tropical legumes such as Phaseolus vulgans
(common bean) Glycine max (soybean)and Vigna (cowpea) (Pate JS
Atkins CA etal 1980) This paper i1s an effort to study the genetic
regulation of the ureide pathway in Phaseolus vulgaris n order to increase

bean produchivity

Legumes can fix nitrogen when nodulated by bactena of the genera
Rhrzobium Bradyrhizobium and Azorhizobium  Nitrogen-fixing root nodules
are specialized organs that differentiate from normal root tissues as a
consequence of the rhizobial infection The infection of plant roots by the
thizobia and susequent nodule development have been studied in
considerable detail at the genetic cellular and molecular levels Progress in
his area has been the subject of recent reviews Nap and Bisseling (1990)
Sanchez eta/ 1991 Brewin (1991) Hirsch (1992) and de Bruyn and Schell

{1993)
In general once ammonia has been produced by the bactenal nitrogensase

1 and assimilated into glutamine, this aminoacid is used by the plant to

produce de novo punnes Ureides are produced by the catabolism of these
de novo synthetized purnines by the ureide pathway (Schubert KR and
Boland MJ 1990) in root nodules of tropical legumes Ureides are a class of

'Plant Mol Biol Dept Insttuio de Biotecnologia Universidad Nacional Autonoma
Cuernavaca Mexico Molecular Biology Department Unwersity of Wageningen The
Netherlands
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cyclic or acyclic nitrogenous organic compounds denved from or strugyy
related to urea Ureides found in plants include allantoic acid allantoine
citruline uric acid hypoxanthine xanthine caffeine etc High concentrabon
of ureides i the xylem sap is usually associated with effective nodulation ang
high rates of fixation although non nodulated or nodulated plants utihzing

combined nitrogen as nitrate supplied to the roots sometimes contain SOms

borne ureides are found in nodulated plants supplied with ammonium or
ammonium nitrate (Schubert KR and Boland MJ 1990) Allantoin and P
allontoic acid are the predominant organic mitrogenous compounds produces
and exported from common bean root nodules during an effective BNF =

Key enzymes of the ureide pathway are a nodule-enhanced xanthine
dehydrogenase 1soform (Nguyen J 1986) involved in the conversion of
xanthine into unc acid urcase Hl a nodule-specific uricase an enzyme that
converts uric acid into allantoin localized In peroxisomes of uninfected ceils
of the central tissue (Nguyen T etal 1985 and Sanchez efal 87) and
allantoinase that catalyzes the final step in the ureide biogenesis pathway n
nodules the conversion of allantoin into allantoic acid (Schubert K R and
Boland, M J, 1990) Allantoinase actwity has been associated to the ER of
the nodule central tissue (Hanks J F etal 1981)

The nitial expression of uricase I transcript in common bean nodules is not
dependant on BNF and in empty nodules of P vulgars it is already
expressed (10%) as compaired to the wild type nodules (PadillaJ E etal :
1991) Although uncase Il could be considered a nodule specific enzyme %4
incubation of soybean callus tissue and root cultures at varymng oxygen 2
levels demonstrated that low oxygen concentration (4-5%) induces unca )
activity and de novo synthesis {Larse, K and Jochimsen BU 1986) In this i’t
regard it has been recently reported that soybean cotyledons contained an %
uricase that cross-reacted with antibodies raised against the nodule uncasé f@%
(Nod-35) Tapma, S et al, 1991)

%

In order to study the regulation of this gene, we have recently cloned the %
regulatory region (1 8 kb) and fussed 1t to the GUS bactenal reporter gené :%g
The spatial and temporal regulation of the urnicase-ll gene(s) from root 3‘?‘
nodules and cotyledons of beans i1s being analyzed by multiple appmad‘”“’ "
The ulimate goal of this work 1s to set the rational molecular and genet
basis to increase ureide production in tropical legumes to impact legume
crop yield
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Results and discussion

¢ B

The spatial and temporal regulation of the uricase-ll gene in
root-nodules of Phaseolus vulgaris

+ Expression of unicase |l genes in empty nodules of Phaseolus vulgars
induced by a mutant Rfuzobium strain CFN4202 suggests that the regulation
“of this gene does not require bacterial release (Padila et al, 1991) Further
indications of the regulatory mechanisms of uricase Il gene expression can be
provided by morphological and in situ hybridization studies on the transcript in
wild type and empty nodules of common bean H Kuin and T Bisseling
(wWageningen) results corroborate the fact that bean uricase-il enzyme 1s
located in uninfected cells of the central tissue (Nguyen etal , 1985) In this
regard uricase-ll transcript can be detected in wild type and mutant nodules,
far more early than the onset ofr nitrogen fixation and the expression of other

“late nodulins” such as leghemoglobin and nodulin-30 (Padilla ef a/, 1891)
(Figure 1)

Figure 1 In situ localization of uricase 1l transcripts in cross sections of P vulgarns

nodules A, C are brnght field mic cgraphs B D are dark field micrographs
in which the silver grains are vis 2'e as white dots A Unicase || cDNA
clone was used to make an anusense probe with S UTP A B stage 2

nodules (5 8 day old nodule) bar 250 m C D stage 4 (15 day old) bar
500 m
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Transcriptional regulation of the uricase-n gene

In order to study the transcriptional regutation of this gene, we have cloned
genomic sequences from P vulgaris cultivar 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, 1 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
nodulin genes (de Brui and Schell, 1993)

Transcriptional gene fusions of the regulatory region (1 8 kb) with the GUS
bacterial reporter gene have been created by subcloning appropriate genomic
restrictton fragments into the polylinker region of the GUS vector plasmid
pBI121 (Jefferson, 1987) (Figure 2)
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Figure 2 Uricase |l gene promoter cloning strategy and transcriptional GUS gene
fusions in pBI121
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~ fransgenic Lotus corniculatus plants are being generated with the 1 8 kb and
- ;enial deletions of the regulatory region  Although root nodules of Lotus

q ;orniculatus induced with nodulating strains of A /ot do not produce ureides
and consequently, would not be expected to regulate uricase genes In

4 exactly the same way as seen in bean, it could be important to test the

4 unction of unicase promoter elements in this background Such experiments
8 could still yield interesting information concerning the degree of conservation
4 of some components of the gene regulatory networks operating during

-3 nodule development in legumes

Future directions

q Transtent expression experiments are being performed 1n electrophorated and
3 particle bombarded nodule slices of wild type and Rhtzobium mutant induced
1 nodules with the chimenc uncase promoter-GUS transcriptional fusions as

{ well as the NOD-30 promoter-luciferase fusion, as an internal control (NOD30
4 s an infected cell specific gene) Cotyledonary tissues will be also analyzed
in regard to environmental, developmental, and physiological effectors
modulating uricase |l gene regulation An internal control i this case is a
ranscriptional fusion with phaseolin (Bustos et al 1991) promoter and the

1 wciferase reporter gene The rationale of these kind of experniments will be to
1 attempt to identify the factors reponsible for the initial induction and
subsequent maintenance of uricase !l, and for the induction of other enzymes
; in the pathway biosynthesis of ureides The regulation of this metabolic

4 pathway seems to be an efficienty marker, not only to monitor fundamental
nodule functions such as assimilation and transport of nitrogeneous
compounds but also to reveal novel aspects of nodule development, eg
peroxisomes biogenesis, infected and uninfected cells ontogeny

ioo iy
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Characterization of the Common Bean Uricase Il and Its
Expression in Organs Other than Nodules’

Nieves Capote-Mainez and Federico Sanchez*

Departamento de Biologia Molecular de Plantas, Instituto de Biotecnologia, Universidad Nacional Autonoma de
Mexico, Cuernavaca, Morelos CP 62210, Mexico

Uricase I 1s a purine metabolic enzyme highly induced in root
nodules during the symbiosis established between legumes and
bacteria of the genera Rhizobium and Bradyrhizebium Here we
describe the characterization of bean (Phaseolus vulgaris) nodule
uricase Il cDNA and show that uricase 11 1s encoded by a single gene
in the bean genome This gene 1s also expressed in cotyledons, roots,
and hypocotyls during bean seedling establishment, and an anti
uricase antibody recognizes the protein in different seedling organs
Uricase II has also been found in Leucaena leucocephala seedlings,
suggesting that it participates during seedling establishment in le
gumes that do not transport ureides A 50 kD polypeptide that s
detected by the anti uricase antibody is found in cotyledons during
seedling development This higher molecular mass form s also de
tected i developing roots and hypocotyls but not in nodules In situ
hybridization experiments in root seedlings showed uricase 11 tran
scripts in the metaxylem parenchyma cells and phloem fibers of the
vascular system

Ureides are important components of N, metabolism 1n
a wide variety of higher plants (Pate et al 1980 Thomas
and Schrader 1981 Reynolds et al 1982) including the
Leguminosae Boraginaceae Platanaceae Hippocastan-
aceae, and Aceraceae families (Mothes, 1961) Legumes can
be classified into armude or ureide transporters depending
on the nitrogenous compounds that they export from the
nodule to the shoot In tropical legumes such as bean
(Phaseolus wulgaris) soybean (Glycine max), and cowpea
(Vigna acomitifolin) a change m the transported N, com-
pounds from amudes (GIn and Asn) to ureides (allantoin
and allantoic acid) occurs when they are in association with
N,-fixing bacteria of the genera Rhizobium and Bradyrhizo-
bium (Matsumoto et al 1977 Fujpthara and Yamaguch:
1980)

Root nodules are highly specialized symbiotic organs in
which differentiated bacteria or bacteroids reduce atmo-
spheric N, to NH; (Sanchez et al 1991 Verma etal 1992
Mylonaetal 1995) NH," 1ons are excreted mto the plant s
cytoplasm assumilated mto Gln, and then mcorporated
mio de novo purine biosvnthesis (Schubert, 1986) In the
mfected and uninfected cells of the nodule, these purines

! This work was supported by grants from Direccion General de
Asuntos para el Personal Academico Umversidad Nacional
Autonoma de Mexico (nos IN3000993 and USAID12367)

* Corresponding author e-mail federico@bt unam mx fax 52—
73-13-6600
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are catabolized and consequently converted into ureides
that are transported to the aerial parts of the plant (Mat-
sumoto et al 1977 Pate et al 1980) Xanthine dehydroge
nase uricase II and allantoinase the last three enzvmes m
the ureide biosynthetic pathway are predominantly lo
cated in the uninfected cells of the nodule (Atkins et al

1980 Hanks et al 1981 Bergmann et al 1983 Schubert
1986, Schubert and Boland 1990)

Uricase II (EC 17 3 3) catalyzes the oxidative cleavage of
uric acid mnio allantomm and CO, lLberating H,O, This
enzyme has been purified from cowpea (Rainbird and At
kins 1981) soybean (Legocki and Verma 1979 Bergmann
et al 1983 Lucas et al 1983) and bean (Sanchez et al
1987) nodules It 1s preferentiallv synthesized on free poly
somes during nodule development and 1s localized in the
peroxisomes of noninfected cells of the nodule (Hanks et
al 1981 Nguyen et al 1985 Van den Bosch and New
comb 1986, Kouchi et al 1989) In effectively nodulated
bean plants uricase II expression and activity are induced
to high levels before N, fixation begins (Sanchez et al
1987 Padilla et al 1991) and the enzyme constitutes ap-
proximately 2% of the total soluble protein of the nodule
(Sanchez et al 1987) In empty nodules induced by Rhizo
bium mutants the amount of uricase II mRNA 15 10% of
that observed 1n nodules mfected with wild-type bacteria
suggesting that events during nodule development (e g
nodule induction bacteria release and N, fixation) are
mmportant for the regulation of uricase II gene expression
(Padilla et al 1991)

Low-uricase II activity has been detected in soybean
callus tissue where 1t 1s regulated by O, availabilty
(Larsen and Jochimsem 1986) Uricase activity has also
been found 1n soybean cotyledons and hypocotyls during
seed development and early germination (Tajima et al
1991) The uricase I protemn has been immunocy tochemi-
cally detected in the peroxisomes of soybean cotyledon
cells (Damsz et al 1994) In this plant uricase I 1s encoded
by a small gene family (Tappma etal 1993) Uricase activity
(uricase I) has also been detected 1n soybean seed radicles
but thus activity was found to be due to a diamine oxidase/
peroxidase system with characteristics different from nod-
ule uricase (Tajima et al 1983 1985) Uricase II ¢cDNA
clones have been isolated from soybean nodule (Bergmann
et al 1983 Nguyen et al 1985) and cotvledon (Takane et
al 1997) libraries and from cowpea (Lee et al 1993)

Abbreviations AP alkaline phosphatase DIG digoxigenin



1308

jackbean (Canavalia limata) (Kim and An 1993) and bean
(Sanchez et al 1987 Papadopoulou et al 1995) nodule
libraries

In this paper we describe the 1solation and characteriza
tion of the bean nodule uricase II cDNA and demonstrate
that a single copy of the uricase II gene 1s present in the
bean genome In addition to the nodule this gene 1s ex
pressed in different organs of the seedling and the adult
plant We have also investigated the patterns of uricase II
mRNA and protein in cotyledons roots and hypocotyls
during germination and seedling establishment In bean
organs other than nodules a 50 kD polypeptide immuno-
logically related to uricase II was detected and 1ts mitial
characterization 1s reported Finally, we show the in situ
localization of the uricase transcript in the seedling roots
and discuss the biochemical and developmental signifi-
cance of these results

MATERIALS AND METHODS
Growth of Plants

Bean (Phascolus vulgnris cv Negro Jamapa) seeds were
surface sterilized in 10% (v/v) commercial sodium hypo-
chlorite for 10 min and then rinsed several times with
sterile water Germination was carried out on moist paper
towels in sterile trays at 28°C in the dark Four days
postimbibition the seedlings were grown 1n an approxi
mately 12-h light/12-h dark photoperiod The plants were
not moculated with Rhizobium bacteria Cotyledons roots
and hypocotyls were harvested at different times postim-
bibition (0Oh 12h 1d 2d 3d,4d 7d, and 10d) frozen
immediately in hiquid N, and stored at —~70°C Germuna-
tion and growth conditions were the same for Leucaena
leucoccphala and maize (Zea mays)

Isolation and DNA Sequencing of the Uricase 1l
cDNA Clone

A bean uricase II clone (pSKuri) was 1solated from a
A-Zap ¢cDNA library constructed from 20-d-old bean nod
ules using an mcomplete uricase II cDNA (Sanchez et al
1987) as a probe The nucleotide sequence of the uricase II
c¢DNA clone was determined by the dideoxy chain termi
nation method (Sanger et al 1977) using the Sequenase 2 0
kit (United States Biochemical) The nucleotide and de-
duced amino acid sequence were compared with the soy
bean (Glycine max) and cowpea (Vigna aconitifolin) uricase II
using the GeneWorks computer program version 231

and associated databanks (Intelligenetics Mountain View
CA)

Genomic Southern Analysis

DNA was extracted from etiolated bean hypocotyls and
digested with EcoRI EcoRV HindIIl and Xbal restriction
enzymes Twenty-five micrograms of each restricted DNA
was loaded per lane and fractionated on a 08% (w/v)
agarose gel (Mamatis et al 1982) Southern analvsis was
performed as described by Maruatis et al (1982) with an
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EcoRI Neol fragment from pSKur (Fig 1A) labeled with
[e-**P]JdCTP (Multiprime DNA labeling system kit Amer-
sham) as a probe The hyvbridized filter was washed from
2x 5SC and 0 1% (w/+v) SDS at 55°C to 0 1x SSC and 0 1%
(w/v) SDS at 65°C in three steps and exposed to Kodak
X-Omat film for 3 d

RNA Isolation and Northern Analysis

Plant material previously harvested and frozen as de-
scribed above was ground in a chilled coffee mill Total
RNA from cotyledons uninfected roots and hypocotyls
was extracted according to the procedure described by de
Vries et al (1988) Thirty micrograms of total RNA was
loaded per lane in 1% (w/v) agarose gels containing 2 2 M
formaldehyde as described previously (Campos et al
1987) After transfer to a nylon membrane (Hybond N™
Amersham) the RNA was hybridized with the uricase I
cDNA labeled with [a **P]JdCTP using the multiprime
DNA labeling system kit To ensure that equal amounts of
RNA were loaded the gels were stamed with ethidium
bromude and photographed In addition the filters were
hybridized with a 285 rRNA probe The hybridized filters
were washed from 2X SSC and 0 1% (w/v) SDS at 55°C to
01x SSC and 01% (w/v) SDS at 65°C in three steps and
exposed to Kodak X-Omat film The hybridization signals
were quantified using the one dimensional analysis pro-
gram (Bio-Image Products Millipore)

Protemn Extraction and Western Analysis

Frozen cotyledons uninfected roots or hypocotyls were
ground mn a coffee mill and incubated 1n 25 volumes of
extraction buffer (30% [w/v] Suc 30 mm Tris-HCl pH 7 4
and 2% [w/v] polyvinylpolypyrrolidone) for 10 min at 4°C
The extracts were centrifuged at 12 000g for 25 min at 4°C
The supernatant fluids were filtered through two layers of
Miracloth (Calbiochem) and precipitated with 60% (v /v)
acetone Total soluble proteins were determined by the
method of Bradford (1976) The samples were analyzed by
SDS-PAGE using the Laemml (1970) discontinuous buffer
system For western analysis proteins were electroblotted
onto nutrocellulose membranes (Immobilon P Millipore) as
described by Marmatis et al (1987) blocked in 5% (w/v)
commercial nonfat dry milk in TBST (10 mm Tris-HCI, pH
80 150 mm NaCl and 005% [v/v] Tween 20) incubated
with anti uricase antibodies (1 1000) and detected with
goat anti-rabbit antibodies coupled to horseradish peroxi-
dase (15000 Amersham) using the enhanced chemilumi-
nescence detection kit (Amersham) as indicated 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 stained
with Coomassie brilliant blue (Merril 1990) or the rutrocel-
lulose filters were stained with Ponceau S Anti-uricase 1s a
rabbit polyclonal antibody obtained against uricase II which
was purified to homogeneity from common bean nodules
(Sanchez et al 1987)

-
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sense RNA (367b)
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Figure 1 A Restriction map of the uricase Ii
cDNA clone T7 and T3 promoters from which
transcripts for the in situ hybridization expen
ments were nttiated are indicated B Align
ment of the deduced amino acid sequences

probe from bean soybean (soyb) and cowpea (vign)
I ! uricase Il Arrowheads indicate the His and Phe
T3 promoter EcoRI  Hindll Nco; Il-{mdll Hindl! Hindlll Pstl Pstl Xhol ammo acid residues proposed b) Wu et al
> coding region (1244 bp) I pSK+ (1989) as the copper binding site of the protein
—-— The two conserved motifs of unknown function
$ T7 promoter are indicated with open boxes above the se
ATG o poly d(A) quence The SKL motif for protein import into

- peroxisomes Is underlined

E, 1=§ % antisense RNA (441b)
I

TVATDTMRNTVYAKA| /4
IVATDTMKNTVYAKA| 74

IVQKSG.

| 150
ATVOKRSGSRoLT| 149
1vorscgiprT| 149

evifrLaprr] 225

tevKTLADTF| 224

bean

soyb  [maHorvvecrrrEorickErveRvARlkfHOdokeIvEnRva T Fspcvns YLRDDNErvATD THIVTIVYARS] 75
vign IOEVVEGFhFEQRHGKERVRV L} GREFVVEWRVGISELFSDCVNSYLRDDN:
bean DEVVEGFKFEQRHGKERVRVAR! GREFMVEWRVGITILF SDCVNS Y LRDDN:
AAA4
soyb KECSDILS) FAILLAKHFVSFYOKVTGAIVNIVEKPWERWYT, DGOPHEHGHKLGSEKHTT,
vign |[KECSDILSVEPFAILLAKHFVSFYOKVTGAIVNIVEKPWERVLVDGQOPHEHGHKLGSEKHT]
bean LECSDILS| FAILLAKHFVSF AL\V’I‘GAIVNIVEI\PWERVIVDGQPP@’T‘ GSEKHT
———
soyb SGIEGLSVLKTTQSC NFIROKYTALPDTRERMVATEVTALWRYSY|E] SILPOKPLYF
vign SGIEGLSVLRTTQSC NFIROKYTALPDTRERILATEVTALWR (S L.PQRPLYFTI
ZSYE]

SGIEGLSVLKTTOSGHENF IRNKYTALPDTRERI LATEVTALWR. LPQKPLYFTT

EviryLaDTE| 224

——— v
soyb FGPqKCGVYSPSVQNTLYLMAKATLNRFPDIA NLHF|{PVNI SNODGPIVKFEDDVYLPTDEPHGS 300
vign |rep VYSPSVONTLYLMAKATLNRFPDIA NLHFL|PUNISNKPGPIVKFEDDVYLPTDEPHGS Tda| 299
bean ﬁFGWSPSVQNTLYLMAI\ATLNRFPDIA NLHE|PVNISEKDGPIVKFEDDVYLPTDEPHGS 299

soyb |sLsH
vign [sLsH
bean |SLSRVWSK

V8 Protease Digestion

V8 protease digestion of the crude extracts from 4-d-old
(days postimbibition) bean seedling roots was made in
polyacrylamude gels as previously described (Cleveland et
al 1977) Anti uricase (1 1000) and sheep anti-rabbit-AP
(15000 Boehringer Mannheim) antibodies were used to
detect the resulting peptides

Urate Oxidase Activity

Two grams of various bean seedling organs was homog-
enized with 6 mL of extraction buffer (50 mm of potassium
phosphate buffer containing 50 mm KCl 5 mm Mg acetate
1 mm DTT 1 mm EDTA and 4% [w/v] polyvinylpolypyr-
rolidone) The extracts were centrifuged at 12 000g for 25
mun at 4°C The supernatants were filtered through glass
fiber and cenirifuged at 175 000g for 15 min The resulting
supernatants were precipitated with 60% (v/v) acetone
resuspended mn 2 mL of 85 mm Gly, pH 10 and passed
through a Sephadex G-25 column (07 X 26 c¢cm) using 85
muM Gly pH 10 as the eluent Urate oxidase activity was
measured as described previously (Bergmann et al 1983)
except that 85 mm Gly pH 10 buffer was used Uruts of
uricase activity are in nanomoles of oxidized uric acid per
munute per milligram of protein Protein concentration was
determined by the Bradford (1976) procedure

309
308
308

In Situ Hybridization

Uninfected roots from 4-d-old bean seedlings and 21 d
old nodules were harvested and fixed at room temperature
overnight in 4% (w/v) paraformaldehyde and 0 25% (v /v)
glutaraldehyde in 10 mm sodium phosphate buffer pH 6 8
supplemented with 1 M NaCl with the 1st h under vac
uum Fixed tissues were dehydrated and embedded in
paraffin following the method described by Van de Wiel et
al (1990) Seven-micrometer-thick sections were cut in a
manual microtome The uricase II ¢cDNA clone (pSKur1)
Linearized with HindIIl was transcribed from the T7 pro
moter and a 441-base antisense RNA labeled with (DIG)-
11-ribonucleotide UTP (Boehringer Mannheim) was ob-
tamed (Fig 1A) The same plasmid digested with Neol was
transcribed from the T3 promoter to obtain a 367-base
sense RNA labeled by the same method (Fig 1A)

To estimate the yield of the assay the transcripts were
analyzed by agarose gel electrophoresis and ethidium bro
mide staining The amount of labeled RNA generated was
measured by direct detection dilutions of the labeled tran-
scripts and a control DIG-dUTP labeled DNA (5 pg/mL)
were blotted on a nylon membrane (Hybond N™) and
detected with the ant1 DIG AP antibody (1 15000 Boehr-
inger Mannheim) and the AP substrates 4-nitroblue tetra-
zolum chloride and 5 bromo-4-chloro 3 indolyl-phos-
phate Sense and antisense RNAs were hybridized to the
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tissue sections according to the protocol described by
McKhann and Hirsch (1993) Equal amounts of labeled
sense and antisense probes were added to the correspond
ing sections The hybridization and antibody mcubation
times were the same for the sense and antisense experi
ments Probed slides were dried, mounted in Poly Mount
(Polysciences Warrington PA) examined under a micro-
scope (Zeiss) and photographed with X16 X40 and X100
objectives using 100 ASA 35-mm film (Kodak)

RESULTS
Isolation and Characterization of a Uricase Il cDNA Clone

From a A Zap common bean cDNA library constructed
from 20 d old nodule RNA a uricase II clone (pSKur1) was
1solated using an incomplete nodule uricase II cDNA clone
(Sénchez et al 1987) as a probe This clone contains the
entire uricase II coding region Its nucleotide and deduced
amino acid sequences were obtained and compared with
the nodule soybean and cowpea uricase II sequences (Fig
1B) The uricase H-coding regions share a high percentage
of identity at the nucleotide (90% with soybean 94% with
cowpea) and amino acid levels (91% with soybean 95%
with cowpea) The bean uricase I cDNA encodes a protemn
of 308 amino acids that contains the four conserved motifs
present in all urate oxidases described previously the V-
L K-T-T-Q S motif (Bawroch 1991} and the S P-5-V-Q-K/
H/N-T L Y motif, each of unknown function the H X-H-
X F motif that jomned to a third His (residue 266 in bean
uricase) forms the protemn copper-binding site proposed by
Wu et al (1989) and the tripeptide S-Basic-L (S-K-L for
bean soybean and cowpea uricase II), the signal for per-
oxisome entry localized at the carboxyl terminus of the
protein (Motopima and Goto, 1989 Wallrathetal 1990 van
den Bosch 1992 Miura et al 1994 Fig 1B) The 3 non-
coding region of 294 bp contamns a putative polyadenyla-
tion signal sequence (AATAAA) located 67 nucleotides
from the poly(A ") RNA

Genomic Southern Analysis

To estimate the complexity of uricase II genes in the P
vulgaris genome, we analyzed total bean DNA digested
with several restriction enzymes using Southern analysis
The EcoRI Ncol uricase II cDNA fragment was used as a
probe (Fig 1A) We detected a single hybridization band in
DNAs restricted with EcoRI and Xbal and two bands in
DNAs restricted with HmndIIIl and EcoRV (Fig 2) The latter
are restriction sites located at the first intron of the uricase
IT gene (N Capote-Maimnez and F Sanchez unpublished
results Fig 1A) We conclude that unlike in soybean in
which 1t has been proposed that uricase II 1s encoded by a
small gene family (Tajima et al 1993) in the bean genome
this gene ewsts as a single copy

Expression of Uricase 1| mRNA i Different Organs of
Adult Bean Plants

To determine whether the single bean uricase I gene was
expressed in a nodule-specific manner we analyzed the

Plant Physiol Vol 115 1997

expression of this gene in organs other than nodules using
northern analysis We found an approximately 1 2-kb tran-
script in roots stems and leaves of uninfected adult bean
plants (F1g 3) of the same size as the one found in nodules
(Sanchez et al 1987) indicating that uricase II expression
was not restricted to this organ However, transcript levels
in N,-fixing nodules were much higher than those of the
other organs examined

Expression Pattern of Bean Uricase 1l mRNA during Seed
Germination and Seedling Establishment

N, 1s actively mobilized during seedling development
(Polayes and Schubert 1984) Because uricase II 1s a key
enzyme m N, metabolism we mvestigated the expression
of the uricase II gene 1n different seedling organs during
seed germination and seedling establishment

Total RNA from cotyledons roots and hypocotyls of
germinated bean seedlings was analyzed by northern blots
using the nodule uricase Il cDNA as a probe During seed
germination (0 4 8 and 12 h postimbibition) uricase II
mRNA was not detected 1n the cotyledons At 1 d postim-
bibition when the radicle had emerged and seedhing
growth had started uricase I mRNA was first detected

El EV H X bp

-k —21226

—5148
- —=4972
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Figure 2 Southern analysis of bean DNA restricted with FcoRI (ED
EcoRV (EV) Hindlll (H) and Xbal (X) restriction enzymes Twenty
five micrograms of each restricted DNA was loaded per lane The
blot was probed with an EcoRl Ncol fragment from a pSKuri clone
{(Fig 1A) Molecular size markers are indicated

z
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Figure 3 Expression of uricase Il gene in different organs of adult
plants Total RNA (25 pg) from roots stems leaves and 21 d old
nodules was analvzed by northern blots using the uricase Il cDNA as
a probe To verify that equal amounts of RNA were loaded the gels
were stained with ethidium bromide (EtBr) and the filters were hy
bridized with a 285 rRNA probe

reaching a maximum at 4 d postimbibition (Fig 4A)
Uricase II transcripts were not detected m the dry embryo
radicle or in radicles 12 h postumbibition In developing
roots the uricase II transcript 1s detected 1 d postimbibition
showing a surular induction pattern as that of cotyledons
(Fig 4B) Constant uricase II mRNA levels were main
tamned in hypocotyls from 3 to 10 d postimbibition
(Fig 4C)

Expression Pattern of Bean Uricase H Protein during Seed
Germination and Seedling Establishment

Uricase II protemn was also detected 1n the cotyledons
roots, and hypocotyls of developing seedlings (Fig 5 A B
and C respectively) Western analysis showed not only the
35-kD polypeptide corresponding to the uricase II subunit
(Sanchez et al 1987) but in addition a novel 50-kD
polypeptide not found in nodules The 35-kD polypeptide
was detected 1n dry seeds and cotyledons at 12h 1d and
2 d postimbibition whereas the 50-kD cross-reacting
polypeptide was visible in protemns 1solated from cotvle-
dons 2 to 10 d postimbibition (Fig 5A) In roots (Fig 5B)
and hypocotyls (Fig 5C) both polypeptides appeared in
simular proportion and at the same time in development
which was approximately coincident with the detection of
the uricase II transcript in those organs Both forms were
mamntained at constant levels during seedling establish-
ment Although the same amount of protein was loaded n
the three experiments the exposure times used 1n the root
(Fig 5B) and hypocotyl (Fig 5C) western analyses were
considerably shorter than those used for the cotyledon
western analysis (Fig 5A) These data indicate that the
amount of uricase II protein with respect to the total
soluble protemn 1s hugher in roots and hypocotyls than in
cotyledons

Uricase 1l Is Present in Amide Transporting Legumes

We analyzed total protemns from L leucocephala seedlings
(a legume that preferentially transports amides as nitroge
nous compounds during symbiotic conditions) and from a
nonleguminous plant maize (Zea mays) by SDS-PAGE and
mmmunochemically with an anti-uricase II antibody We
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Figure 4 Expresston of uricase Il gene during bean seed germination and seedling establishment Northern blot analysis of
total RNA from cotyledons (A) roots (B} and hypocotyls (C) Twenty five micrograms of total RNA was loaded per lane
Uricase Il cDNA was used as a probe in all experiments The gels were stained with ethidium bromide (EtBr) and the filters
were hybridized with a 285 rRNA probe The experiments were performed two times with 1dentical results The mRNA levels
were quantified using the one dimensional analysis program (Bio Image)
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Figure 5 Expression of uricase Il protein during bean seed germina
tion and seedling establishment Immunodetection of uricase Il pro
temn 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 ug per lane except the nodule extract which
was 2 ug) were analyzed by SDS PAGE and immunoblotting 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 B and C Molecular mass standards are indicated

detected the uricase II subumt (the 35-kD polypeptide) and
the 50-kD protemn 1n 4 d-old roots and hypocotyls from L
leucocephala seedlings but only the 50-kD form in 4-d-old
cotyledons (Fig 6) the same pattern found in bean seed-
Iings In 4-d-old maize seedlings no cross-reacting bands
were detected in any organ analyzed
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Immunological and Enzymatic Analysis of the
50 kD Polypeptide

To determine whether the 50-kD polypeptide was a
modification product of the 35-kD protein or a different but
immunologically related protein, we digested the 35- and
50 kD polypeptides with V8 protease, separated the reac
tion products on an SDS-PAGE gel and detected the re-
sulting peptides with an anti-uricase antibody The 50 kD
protein digestion yielded three peptides of 34 79 and 73
kD (Fig 7) and all digestion products were recognized by
the anti-uricase polyclonal antibody supporting the 1dea
that the 50-kD protein could be a modified form of the
35-kD uricase

V8 proteolysis of the 35 kD protein yielded four different
peptides of approximately 11 76 69, and 58 kD, all of
which were recognized by the ant1 uricase antibody In a
second experiment (Fig 8) we measured uricase specific
activity m cotyledon extracts from dry seeds up to 10 d
postimbibition We detected similar uricase-specific activ-
ity levels along all stages of cotyledon development Cot
yledons from 3 to 10 d postimbibition, containing only the
50 kD polypeptide (Fig 5A) had urate oxidase activity
These extracts were precipitated with 15% (v/v) TCA and
analyzed by western blot, corroborating the presence of the
50-kD but not the 35-kD protein (data not shown) We also
measured the uricase-specific activity in other bean seed-
ling organs and mature nodules These results are shown in
Table I A cotyledon extract from maize in which no pro-

tein immunorelated to bean uricase was detected (Fig 6),
was also included

leucaena 4d
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Figure 6 Detection ot uricase Il protein in hypocotyls roots and
cotyledons of L leucocephala Crude exiracts of proteins (20 ug per
lane except the nodule extract which was 2 pg) were analyzed by
SDS PAGE and immunoblotting with anti uricase (1 1000) and anti
rabbit horseradish peroxidase (1 5000) antibodies Seedling organ
extracts from maize 4 d postimbibition were also mcluded Molec
ular mass standards are indicated
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Figure 7 Immunoblot analysis of peptides generated from the 35
and 50 kD proteins by V8 hydrolysis The two bands that cross
reacted with the anti uricase antibody were digested n the gel with
V8 protease loaded 1n SDS PAGE and immunodetected with anti
uricase (1 1000) and antt rabbit AP (1 5000 Boehringer Mannheim)
antibodies Arrows indicate the resulting peptides Molecular mass
standards are indicated

Spatial Localization of Uricase Il Transcripts in the Roots
of Developing Bean Seedlings

To determune the localization of the uricase [l mRNA n
developing bean roots 4-d-postimbibition roots were col-
lected and examined by imn situ hybridization We used
antisense and sense (as a control) DIG-labeled mRNAs as
probes (see Materials and Methods ) Uricase II tran-

10 T T T T T T T T

uricase specific activity
(U/mg prot)
E-S
—— .
N PR DU B SR PRI

0 [ A 4 4 i A 4 4 4
0h 12h 1d 2d 3d 4d 7d 10d
time after imbibition

Figure 8 Uricase specific activity in the cotyledons of developing
bean seedlings Five micromolar uric acid (@) or no uric acid (&) was
used In the reactions as a substrate Each value 1s the mean = sp of
three experiments Each experiment included triplicate samples
Units (U) of uricase activity are in nanomoles of oxidized unc acid
per minute under the conditions of the reaction

Table 1 Uricase specific activity from different plant organs

Plant Organ Uricase Specific Activity
units mg~ ' protein
Bean cotyledons 4 d old 374040
Bean roots 4 d old 1540 + 0 84
Bean hypocotyls 4 d old 1333 = 161
Bean nodules 21 d old 1790 = 380

Maize cotyledons 4 d old 000

# Units of uricase activity are in nanomoles of oxidized uric acid
per minute under the conditions of the reaction

scripts were detected n the root vascular tissue (Fig 9) In
the xylem the signal accumulated 1n the cvtoplasm of the
parenchyma cells that surround the metaxvlem vessels
(Fig 9 A and C) These cells have a lhiving protoplasm at
maturity, as shown mn the micrographs (Fig 9E) Some of
the cytoplasm 1s so closely appressed to the cell wall that
the signal seems to be over the wall In the phloem the
signal was confined to the cytoplasm of phloem fibers (Fig
9 A and D) Although fibers are usually dead late in
development the fibers we analyzed had not lost their
cytoplasm at this stage of development (4 d postimbibition
Fig 9F) We also performed i situ hybridization exper-
ments on 21 d old nodule sections as a positive control We
detected the uricase II mRNA not only in the uninfected
cells of the central tissue as previously reported (Tate et al

1994 Papadopoulou et al 1995) but also in the nodule
parenchyma cells and in the vascular tissue (Fig 9G) No
signal was detected in the infected cells or in the outer
cortex of the nodule Sense controls did not exhibit any
hybridization signal (Fig 9 B and H)

DISCUSSION

Uricase Il has been commonly studied m tropical legume
nodules because of 1ts participation i ureide biosynthesis
during the symbiosis these plants establish with bactena of
the genera Rhizobium and Bradyrhizobium In this work we
have demonstrated that this enzyme 1s also expressed in
other bean organs (roots stems and leaves Fig 3) and that
1ts expression 1s probably modulated when the plant needs
to mobilize reduced N, 1 e during seedling establishment
The presence of a single uricase II gene in the bean genome
(Fig 2) suggests that different regulatory mechanisms for
the uricase II gene rather than differential regulation of
several genes, account for 1ts expression in response to the
different stumuli of symbiosis and development

Bean plants associated with N,-fixing bacteria mainly
transport mitrogenous compounds as ureides However
even in nonnodulated bean plants the transport of ureides
constitutes about 13 to 42% of the total organic N, in the
xylem sap (Thomas and Schrader 1981) The uricase de-
tected 1n the seedling (Fig 5) and adult plant organs (Fig
3) probably maintains this ureide transport rate during
seedling and plant development On the other hand plants
are C-starved during seed germnation and seedling estab-
lishment, before photosynthesis starts (Schubert and Bo-
land 1990) In these conditions the biosynthesis of ureides
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were fixed embedded tn paraffin cut into 7 um sections and hybndized with DIG labeled sense and antisense probes
Antt DIG AP (1 2500 Boehringer Mannheim) and the substrates 4 nitroblue tetrazolium chloride and 5 bromo 4 chloro
3 ndolyl phosphate were used to detect hybridization Photographs were taken with X16 x40 and x100 objectives Bars
represent 10 um (1 um for electron nicrographs) A C and D Root cross sections hybridized with antisense uricase I| RNA
B root cross sections hybridized with sense uricase Il RNA E and F electron micrographs showing the metaxylem
parenchyma cells (E) and the phloem fibers (F} of the vascular tissue from 4 d postimbibition bean roots f Phloem fibers
pp pith parenchyma xp metaxylem parenchyma cells and xv metaxylem vessels G Nodule cross sections hvbridized
with antisense uricase Il RNA H nodule cross sections hybridized with sense uricase Il RNA ¢ Cortex 1 infected cells m
noninfected cells v vascular tissue and vp vascular parenchyma
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in which uricase II participates, may be a strategy for
energy conservation (Mothes 1961) The detection of the
uricase II protemn in L leucocephala seedlings (Fig 6), an
amide-transporter legume suggests that this legume uses a
simular strategy to improve the plant C economy during
seedling development Although we could not detect any
uricase II antigen or urate oxidase activity in maize seed-
lings under our experimental conditions, we cannot dis-
card the possibility that this plant contains uricase II Al-
ternatively maize plants could use a strategy other than
the transport of ureides to improve C metabolism during
seedling establishment

The expression of the uricase II gene 1s induced in bean
cotyledons at the onset of seedling development, approxi-
mately 1 d postimbibition, coinciding with the beginning of
reserve mobilization (Fig 4A) A massive hydrolysis of
DNA and RNA takes place in the seed during germunation
elevating the levels of purmes which are substrates for
ureide biogenesis (Polayes and Schubert, 1984) and may
also participate mn uricase II induction The presence of
uricase II transcripts in developing bean roots and hypo-
cotyls (Fig 4, B and C) suggests that these organs are also
able to synthesize ureides

In addition to the uricase II subunit (a 35-kD polypep-
tide) we detected a uricase-related protein of 50 kD mn
developing cotyledons roots and hypocotyls of bean seed-
lings that, interestingly, 1s not found i nodules Tajma et
al (1991) reported the detection of a less abundant band of
high molecular weight by immunoblot analysis of soybean
cotyledon proteins with anti-uricase antibody They sug-
gested that thus band could be the dimeric form of the
uricase protemn Damsz et al (1994) also reported the de-
tecion of uricase II and two high-molecular-weight
polypeptides 1n proteins 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 derved from 1ts
digestion with V8 protease have sizes different from those
derived from the 35-kD protemn (Fig 7) This supports the
idea that the 50-kD polypeptide we detected 1s not a
dimeric form of the enzyme

The 50-kD polypeptide may be a modified version of the
35-kD protein, which could give rise to different-sized
peptides after V8 proteolysis However these putative
modifications do not seem to be due to ubiquitination of
the 35-kD uricase II suburut as a signal for protein degra-
dation because anti-ubiquitin antibodies did not cross-
react with the 50-kD band (data not shown) It 1s possible
that a differential splicing of the uricase II mRNA m coty-
ledons roots, and hypocotyls could give rise to a higher-
molecular-weight protein but northern analysis consis-
tently showed only a single 1 2-kb uricase II transcript in all
organs including nodules (Fig 3) Alternatively, the 35-
and 50-kD polypeptides may represent related but distinct
protemns encoded by different genes The 50-kD protemn
could share reactive epitopes with the 35-kD uricase pro-
temn but the nucleotide sequence of the corresponding
genes would not have enough 1dentity to be detected by
nucleic acid hybridization experiments This possibility
was explored by using less stringent hybridization and

washing conditions in the Southern and northern analyses
No differences were found from the results presented (data
not shown)

Extracts from seedling cotyledons contaiung only the
50-kD polypeptide had urate oxidase activity (Fig 8) sug
gesting that the immunologically related protein has
uricase activity Uricase-specific activity was maintained in
bean cotyledons during all the stages of bean seedling
development (from dry seeds to 10 d postimbibition Fig
8) Furthermore, we also detected a higher uricase-specific
activity in roots and hypocotyls from 4-d-postimbibition
bean seedlings (Table I), in which both polypeptides were
present In contrast, Tajima et al (1991) reported the pres
ence of uricase activity in cotyledons from soybean seed
lings, but this activity decreased by 5 d postimbibition
Additionally they reported lower uricase levels in devel
oping soybean hypocotyls which disappeared rapidly by
2 d postimbibition

The 35-kD uricase II polypeptide 1s present in the dry
seed and remains in the cotyledon 12 h and 1 d postimbi
bition (Fig 5A) although uricase Il mRINA 1s not present at
these stages of development (Fig 4A) It is hikely that the
uricase II protein that participates in ureide biosynthesis
during the seed-filling period but not its mRNA 1s main
tamed 1 the cotyledon during desiccation and early ger
mination The detection of the uricase II transcript con
ades with the progressive disappearance of the 35 kD
protein 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 protein We
are continuing with these mnvestigations

Uricase II transcripts have been localized by in situ hy-
bridization in the uninfected cells of the central tissue of
bean nodules (Tate et al 1994 Papadopoulou et al 1995)
However we have also detected uricase mRNA in the
vascular tissue that traverses the nodule as well as in
nodule parenchyma cells (Fig 9G) confirming the results
of Vaughun and Stegink (1987) who found uricase II in
cells of the vascular parenchyma of effective nodules In this
work we have extended these localization studies to devel-
oping bean roots 4 d postimbibition Here the signal for
uricase II transcript was primarily detected in the metaxy-
lem parenchyma cells that surround the large xylem vessels
(Fig 9, A and C) and n the phloem fibers (Fig 9 A and D)

Electron microscopy showed that the phloem fibers from
young roots contamn a living cytoplasm as so do the pa-
renchyma cells in which the uricase II signal 1s detected
(Fig 9 E and F) The metaxylem parenchyma cells are
considered to be active in the transport of solutes because
they contain abundant mitochondria and ER (Chonan et al
1981) Uricase II likely synthesizes ureides in the
metaxylem-parenchyma cells and transports them to the
xylem vessels through the abundant plasmodesmata that
interconnect both cell types The ureides would be distrib
uted from the xylem vessels to the whole plant The pres
ence of uricase II in the phloem fibers however 1s not
easily explamed These cells serve mainly as support and
have a very thuck cell wall Sakurai et al (1996) detected
cytosolic GIn synthetase (EC 6 312) in the phloem fibers
and xylem parenchyma cells from nongreen leaves of de
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veloping rice plants They proposed that this enzyme
might participate 1n the assimilation of NH, " derived from
the Phe ammora-lyase (EC 4 3 15) reaction the key en-
zyme for biosynthesis of lignin polymers in the cell wall
The NH, " assimilated by the Gln synthetase may be mcor-
porated as innodules to the synthesis of purines and ther
conversion into urerdes with the subsequent participation
of the uricase II enzyme Experiments are in progress to
establish the role of uricase II in the vascular tissue of bean
seedlings

ACKNOWLEDGMENTS

We are greatly indebted to Drs Jose M Colmenero Manuel
Pineda and Shiarley Gul for helpful discussions and to Drs M Lara
M Rocha A Covarrubias and M Soberon for critical reading of
the manuscript We also thank A Pichardo and S Truplio for
photographic assistance and L Lépez for technucal assistance with
the microscopy

Received May 14 1997 accepted August 25 1997
Copyright Clearance Center 0032-0889/97/115/1307/11

LITERATURE CITED

Atkins CA, Ramnbird RM Pate JS (1980) Evidence for a purine
pathway of ureide synthesis in N fixing nodules of cowpea
[Vigna unguiculata (L) Wnlp] Z Pflanzenphysiol 97 249-260

Bairoch A (1991) The SWISS PROT protein sequence data bank
(supplement) Nucleic Acids Res 19 2241-2246

Bergmann H Preddie E Verma DPS (1983) Nodulin 35 a subunit
of specific uricase (uricase II) induced and localized in the
uninfected cells of soybean nodules EMBO J 2 2333-2339

Bradford MM (1976) A rapid and sensitive method for the quan
tification of micrograms quantities of protemn utihzing the prin
ciple of protemn dye binding Anal Biochem 72 248-254

Campos F Padilla] Vizquez M Ortega JL Enriquez C Sanchez
F (1987) Expression of nodule specific genes in Phaseolus vul
ganis Plant Mol Biol 9 521-532

Chonan N Kaneko M Kawahara H Matsuda T (1981) Ultrastruc
ture of the large vascular bundles in the leaves of rice plants Jpn
J Crop Sc1 50 323-331

Cleveland DW Fisher SG, Kirschner MW Laemmli UK (1977)
Peptide mapping by limuted proteolysis in sodium dodecyl sul
fate and analysis by gel electrophoresis J Biol Chem 252 1102-
1106

Damsz B Dannenhoffer JM Bell JA Webb MA (1994) Immuno
cytochemical localization of uricase in soybean cotyledons Plant
Cell Physiol 35 979-982

de Vries S Hoge H Bisseling T (1988) Isolation of total polysomal
RNA from plant tissues Plant Molecular Biology Manual B6
Kluwer Academic Publishers Dordrecht The Netherlands pp
1-13

Fujihara S Yamaguchi M (1980) Nitrogen fixation and allanton
formation in soybean plants Agric Biol Chem 44 2569-2573

Hanks JF Tolbert NE Schubert KR (1981) Localization of en
zymes of ureide biosynthesis in peroxisomes and microsomes of
nodules Plant Physiol 68 65-69

Kim HB An CS (1993) Nucleotide sequences and expression of
c¢DNA clones encoding uricase II in Cangvalia lineata Korean
J Biol 36 415-423

Kouch1 H Tsukamoto M Tajima S (1989) Differential expression
of nodule specific (nodulin) genes in the infected uninfected
and cortical cells of soybean (Glycime max) root nodules ] Plant
Physiol 135 608-617

Laemmli UK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4 Nature 227 680-685

Plant Physiol Vol 115 1997

Larsen K Jochimsem BU (1986) Expression of nodule specific
uricase in soybean callus tissue 1s regulated by oxvgen EMBO ]
5 15-19

Lee N Stein B Suzuki H Verma DPS (1993) Expression of
antisense nodulin 356 RNA 1n Vigna aconitifolia transgenic root
nodules retards peroxisome development and affects nitrogen
availability to the plants Plant J 3 599-606

Legocki RP Verma DPS (1979) A nodule specific plant protein
(Nodulin 35) from sovbean Science 205 190-192

Lucas K, Boland MJ Schubert KR (1983) Uricase trom soybean
root nodules purification properties and comparison with the
enzyme from cowpea Arch Biochem Biophys 226 190-197

Maniatis T Fritsch EF Sambrook ] (1982) Molecular cloming A
Laboratory Manual Cold Spring Harbor Laboratory Press Cold
Spring Harbor NY

Matsumoto T Yatazawa M Yamamoto Y (1977) Distribution and
change mn the contents of allantoin and allantoic acid 1n devel
oping nodulating and non nodulating plants Plant Cell Physiol
18 353-359

McKhann HI Hirsch AM (1993) In situ localization of specific
mRNAs 1n plant tissues In BR Ghick JE Thompson eds Meth
ods i Plant Molecular Biology and Biotechnology CRC Press
Boca Raton FL pp 179-205

Merril CR (1990) Gel stamning techniques Methods Enzymol 182
477-488

Miura S Oda T Funa: T, Ito M Okada Y Ichiyama A (1994)
Urate oxidase 1s imported into peroxisomes recognizing the
C terminal SKL motif of proteins Eur J Biochem 223 141-146

Mothes K (1961) The metabolism of urea and ureides Can ] Bot 39
1785-1807

Motojima K Goto S (1989) Cloning of rabbit uricase ¢cDNA re
veals a conserved carboxy terminal tripeptide in three species
Biochim Biophys Acta 1008 116-118

Mylona P Pawlowski K Bisseling T (1995) Symbuotic nitrogen
fixation Plant Cell 7 869-885

Nguyen T, Zelechowska M Foster V Bergmann H Verma DPS
(1985) Primary structure of the soybean nodulin 35 gene encod
ing uricase I localized in the peroxisomes of uninfected cells of
nodules Proc Natl Acad Sc1 USA 82 5040-5044

Padilla JE Miranda J Sanchez F (1991) Noduhn regulation in
common bean nodules induced by bacterial mutants Mol Plant
Microbe Interact 4 433—139

Papadopoulou K Roussis A Kuin H Katinakis P (1995) Expres
sion pattern of uricase II gene during root nodule development
in Phaseolus vulgaris Experientia 51 90-94

Pate JS Atkins CA White ST Rainbird WR, Woo KC (1980)
Nitrogen nutrition and xylem transport of nitrogen n ureide
producing grain legumes Plant Physiol 65 961-965

Polayes DA Schubert KR (1984) Purine synthesis and catabolism
in sovbean seedlings Plant Physiol 75 1104-1110

Ramnbird RM Atkins CA (1981) Purification and some properties
of urate oxidase from mtrogen fixing nodules of cowpea Bio
chum Biophys Acta 659 132-140

Reynolds PHS Boland M] Blevins DG Randall DD Schubert
KR (1982) Ureide biogenesis in leguminous plants Trends Bio
chem Sc1 7 366-368

Sakura1 N Hayakawa T Nakamura T Yamaya T (1996) Changes
in the cellular localization of cytosolic glutamine synthetase
protemn in vascular bundles of rice leaves at various stages of
development Planta 200 306-311

Sanchez F Campos F Padilla | Bonneville J]M Enriquez C
Caput D (1987) Purification cDNA cloning and developmental
expression of the nodule specific uricase from Phaseolus vulgaris
L Negro Jamapa Plant Physiol 84 1143-1147

Sanchez F Padilla JE Perez H Lara M (1991) Control of nodulin
gene mn root nodule development and metabolism Annu Rev
Plant Physiol Plant Mol Biol 42 507-528

Sanger F Nicklen S Coulson AR (1977) DNA sequencing with
chaimn terminating inhibitors Proc Natl Acad Sc1 USA 74 5463
5467

Schubert KR (1986) Products of biological nitrogen fixation in
higher plants synthests transport and metabolism Annu Rev
Plant Physiol 37 539-574



Common Bean Uricase Il and Its Expresston 1315

m which uricase II participates may be a strategy for
energy conservation (Mothes, 1961) The detection of the
uricase II protem in L [leucocephala seediings (Fig 6), an
amuide-transporter legume, suggests that this legume uses a
simular strategy to improve the plant C economy during
seedling development Although we could not detect any
uricase II antigen or urate oxidase activity 1n maize seed-
lings under our experimental conditions we cannot dis-
card the possibility that this plant contamns uricase II Al-
ternatively maize plants could use a strategy other than
the transport of ureides to improve C metabolism during
seedling establishment

The expression of the uricase II gene 1s induced in bean
cotyledons at the onset of seedliing development approxi-
mately 1 d poshmbibition comading with the beginning of
reserve mobilization (Fig 4A) A massive hydrolysis of
DNA and RNA takes place in the seed during germmation,
elevating the levels of purines which are substrates for
ureide biogenesis (Polayes and Schubert 1984) and may
also participate m uricase II induction The presence of
uricase II transcripts in developing bean roots and hypo-
cotyls (Fig 4 B and C) suggests that these organs are also
able to synthesize ureides

In addition to the uricase II suburut (a 35-kD polypep-
tide) we detected a uricase-related protemn of 50 kD in
developing cotyledons, roots and hypocotyls of bean seed-
lings that interestingly 1s not found i nodules Tajma et
al (1991) reported the detection of a less abundant band of
high molecular weirght by immunoblot analysis of soybean
cotyledon protemns with anti-uricase antibody They sug-
gested that thus band could be the dimeric form of the
uricase protein Damsz et al (1994) also reported the de-
tecion of uricase II and two high molecular-weight
polypeptides in protemns 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 derived from its
digestion with V8 protease have sizes different from those
denved from the 35-kD protemn (Fig 7) This supports the
idea that the 50-kD polypeptide we detected 1s not a
dimeric form of the enzyme

The 50-kD polypeptide may be a modified version of the
35-kD protein which could give rise to different-sized
peptides after V8 proteolysis However these putative
modifications do not seem to be due to ubiquitination of
the 35-kD uricase II suburut as a signal for protemn degra-
dation because anti-ubiquitin antibodies did not cross-
react with the 50-kD band (data not shown) It 1s possible
that a differential splicing of the uricase Il mRNA m coty-
ledons, roots and hypocotyls could give rise to a higher-
molecular-weight protein, but northern analysis consis-
tently showed only a single 1 2-kb uricase II transcript i all
organs including nodules (Fig 3) Alternatively the 35-
and 50-kD polypeptides may represent related but distinct
protemns encoded by different genes The 50-kD protein
could share reactive epitopes with the 35-kD uricase pro-
temn but the nucleotide sequence of the corresponding
genes would not have enough 1dentity to be detected by
nucleic acid hybridization expermments This possibility
was explored by using less stringent hybridization and

washing conditions in the Southern and northern analyses
No differences were found from the results presented (data
not shown)

Extracts from seedling cotyledons contaiung only the
50-kD polypeptide had urate oxidase activity (Fig 8) sug-
gesting that the immunologically related protein has
uricase activity Uricase-specific activity was maintained in
bean cotyledons during all the stages of bean seedling
development (from dry seeds to 10 d postimbibition Fig
8) Furthermore, we also detected a higher uricase-specific
activity mn roots and hypocotyls from 4 d-postimbibition
bean seedlings (Table I), in which both polypeptides were
present In contrast Tajima et al (1991) reported the pres-
ence of uricase activity mn cotyledons from soybean seed
lings but this actrvity decreased by 5 d postimbibition
Additionally they reported lower uricase levels in devel
opmg soybean hypocotyls which disappeared rapidly by
2 d postimbibition

The 35-kD uricase II polypeptide 1s present in the dry
seed and remains in the cotyledon 12 h and 1 d postimb1
bition (F1ig 5A) although uricase Il mRNA 1s not present at
these stages of development (Fig 4A) It 15 likely that the
uricase II protein that participates in ureide biosynthesis
during the seed-filling period, but not its mRNA 1s main-
tamed 1n the cotyledon during desiccation and early ger-
mination The detection of the uricase II transcript coin-
cides with the progressive disappearance of the 35-kD
protemn 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 protein We
are continuing with these mvestigations

Uricase II transcripts have been localized by in situ hy
bridization m the uninfected cells of the central tissue of
bean nodules (Tate et al, 1994 Papadopoulou et al 1995)
However we have also detected uricase mRNA in the
vascular tissue that traverses the nodule as well as n
nodule parenchyma cells (Fig 9G) confirming the results
of Vaughun and Stegink (1987) who found uricase II in
cells of the vascular parenchyma of effective nodules In this
work we have extended these localization studies to devel-
oping bean roots 4 d postimbibition Here the signal for
uricase II transcript was primarily detected in the metaxy-
lem parenchyma cells that surround the large xylem vessels
(Fig 9 A and C) and in the phloem fibers (Fig 9 A and D)

Electron mucroscopy showed that the phloem fibers from
young roots contain a living cytoplasm as so do the pa
renchyma cells in which the uricase I signal 1s detected
({Fig 9 E and F) The metaxylem parenchyma cells are
considered to be active n the transport of solutes because
they contain abundant mitochondria and ER (Chonan et al
1981) Uncase II likely synthesizes ureides in the
metaxylem-parenchyma cells and transports them to the
xylem vessels through the abundant plasmodesmata that
mterconnect both cell types The ureides would be distrib-
uted from the xylem vessels to the whole plant The pres-
ence of uricase II in the phloem fibers however 1s not
easily explamned These cells serve mainly as support and
have a very thick cell wall Sakurai et al (1996) detected
cytosolic GIn synthetase (EC 6 3 1 2) in the phloem fibers
and xylem parenchyma cells from nongreen leaves of de
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veloping rice plants They proposed that this enzyme
mught participate 1n the assimilation of NH, ™ denved from
the Phe ammonia-lyase (EC 43 15) reaction the key en
zyme for biosynthesis of lignin polymers in the cell wall
The NH,* assimilated by the GIn synthetase may be incor-
porated, as m nodules to the synthesis of purines and their
conversion 1nto ureirdes with the subsequent participation
of the uricase II enzyme Experunents are in progress to
establish the role of uricase II in the vascular tissue of bean
seedlings

ACKNOWLEDGMENTS

We are greatly indebted to Drs Jose M Coimenero Manuel
Pineda and Shirley Gil for helpful discussions and to Drs M Lara
M Rocha A Covarrubias and M Soberon for critical reading of
the manuscript We also thank A Pichardo and S Trupllo for
photographic assistance and L Lépez for technical assistance with
the microscopy

Received Mav 14 1997 accepted August 25 1997
Copyright Clearance Center 0032-0889/97/115/1307/11

LITERATURE CITED

Atkins CA Rainbird RM Pate JS (1980) Evidence for a purine
pathway of ureide synthesis in N fixing nodules of cowpea
[Vigna unguiculata (L) Walp] Z Pflanzenphysiol 97 249-260

Barroch A (1991) The SWISS PROT protemn sequence data bank
(supplement) Nucleic Acids Res 19 2241-2246

Bergmann H Preddie E, Verma DPS (1983) Nodulin 35 a subunit
of specific uricase (uricase II) induced and localized n the
uninfected cells of soybean nodules EMBO J 2 2333-2339

Bradford MM (1976) A rapid and sensitive method for the quan
tification of micrograms quantities of protein utihizing the prin
ciple of protein dye binding Anal Biochem 72 248-254

Campos F PadillaJ Vazquez M, Ortega JL Enriquez C Sanchez
F (1987) Expression of nodule specific genes in Phaseolus oul
gartis Plant Mol Biol 9 521-532

Chonan N Kaneko M Kawahara H Matsuda T (1981) Ultrastruc
ture of the large vascular bundles in the leaves of rice plants Jpn
J Crop S5a1 50 323-331

Cleveland DW, Fisher SG Kirschner MW Laemmli UK (1977)
Peptide mapping by himited proteolysis in sodium dodecyl sul
fate and analysis by gel electrophoresis J Biol Chem 252 1102-
1106

Damsz B Dannenhoffer JM, Bell JA, Webb MA (1994) Immuno
cytochemical localization of uricase in soybean cotyledons Plant
Cell Physiol 35 979-982

de Vries S Hoge H Bisseling T (1988) Isolation of total polysomal
RNA from plant tissues Plant Molecular Biology Manual B6
Kluwer Academic Publishers Dordrecht The Netherlands pp
1-13

Fujthara S Yamaguchi1 M (1980) Nitrogen fixation and allantoin
formation m soybean plants Agric Biol Chem 44 2569-2573

Hanks JF Tolbert NE Schubert KR (1981) Localization of en
zymes of ureide biosynthesis in peroxisomes and microsomes of
nodules Plant Phystol 68 65-69

Kim HB An CS (1993) Nucleotide sequences and expression of
¢DNA clones encoding uricase II in Canavalia lineata Korean
] Biol 36 415423

Kouch1 H Tsukamoto M Tajpima S (1989) Differential expression
of nodule specific (nodulin) genes in the infected uninfected
and cortical cells of soybean (Glycine max) root nodules ] Plant
Physiol 135 608-617

Laemmli UK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4 Nature 227 680-685

Plant Physiol Vol 115 1997

Larsen K Jochimsem BU (1986) Expression of nodule specific
uricase 1n soybean callus tissue 1s regulated by oxygen EMBO |
5 15-19

Lee N Stein B Suzulki H Verma DPS (1993) Expression of
antisense nodulin 35 RNA in Vigna acomfifolia transgenic root
nodules retards peroxisome development and affects nitrogen
availability to the plants Plant ] 3 599-606

Legocki RP Verma DPS (1979) A nodule specific plant protein
(Nodulin 35) from soybean Science 205 190-192

Lucas K Boland MJ Schubert KR (1983) Uricase from sovbean
root nodules purification properties and comparison with the
enzyme from cowpea Arch Biochem Biophys 226 190-197

Maniatis T Fritsch EF Sambrook J (1982) Molecular cloning A
Laboratory Manual Cold Spring Harbor Laboratory Press Cold
Spring Harbor NY

Matsumoto T Yatazawa M Yamamoto Y (1977) Distribution and
change in the contents of allantoin and allantoic acid 1n devel
oping nodulating and non nodulating plants Plant Cell Physiol
18 353-359

McKhann HI Hirsch AM (1993) In situ localization of specific
mRNAs in plant tissues In BR Glick JE Thompson eds Meth
ods in Plant Molecular Biology and Biotechnology CRC Press
Boca Raton FL pp 179-205

Merrl CR (1990) Gel stamning techniques Methods Enzymol 182
477-488

Miura S Oda T Funar T Ito M Okada Y Ichiyama A (1994)
Urate oxidase 1s imported mto peroxisomes recogruzing the
C terminal SKL motif of protemns Eur ] Biochem 223 141-146

Mothes K (1961) The metabolism of urea and ureides Can J Bot 39
1785-1807

Motojima K Goto S (1989) Cloning of rabbit uricase cDNA re
veals a conserved carboxy terminal tripeptide in three species
Biochim Biophys Acta 1008 116-118

Mylona P Pawlowsk: K Bisseling T (1995) Symbiotic nitrogen
fixation Plant Cell 7 869-885

Nguyen T Zelechowska M Foster V Bergmann H Verma DPS
(1985) Primary structure of the soybean nodulin 35 gene encod
mg uricase II localized in the peroxisomes of uninfected cells of
nodules Proc Natl Acad Sc1 USA 82 5040-5044

Padilla JE Miranda J Sanchez F (1991) Nodulin regulation in
common bean nodules induced by bacterial mutants Mol Plant
Microbe Interact 4 433-439

Papadopoulou K Roussis A Kuin H Katinakis P (1995) Expres
sion pattern of uricase I gene during root nodule development
in Phaseolus vulgaris Experientia 51 90-94

Pate JS Atkins CA White ST Rainbird WR Woo KC (1980)
Nitrogen nutrition and xylem transport of rnitrogen m ureide
producing gram legumes Plant Physiol 65 961-965

Polayes DA Schubert KR (1984) Purine synthesis and catabolism
in soybean seedlings Plant Physiol 75 1104-1110

Rainbird RM Atkins CA (1981) Purification and some properties
of urate oxadase from mitrogen fixing nodules of cowpea Bio
chim Biophys Acta 659 132-140

Reynolds PHS Boland MJ Blevins DG Randall DD Schubert
KR (1982) Ureide biogenesis in leguminous plants Trends Bio
chem Sc1 7 366-368

Sakurar N Hayakawa T Nakamura T Yamaya T (1996) Changes
in the cellular localization of cytosolic glutamine synthetase
protemn 1n vascular bundles of rice leaves at various stages of
development Planta 200 306-311

Sanchez F Campos F Padilla J Bonneville JM Enriquez C
Caput D (1987) Purification ¢cDNA cloning and dev elopmental
expression of the nodule specific uricase from Phaseolus vulgarts
L Negro Jamapa Plant Physiol 84 1143-1147

Sanchez F Padilla JE Perez H Lara M (1991) Control of nodulin
gene n root nodule development and metabolism Annu Rev
Plant Physiol Plant Mol Biol 42 507-528

Sanger F Nicklen S Coulson AR (1977) DNA sequencing with
chain terminating inhibitors Proc Natl Acad Sc1 USA 74 5463—
5467

Schubert KR (1986) Products of biological nitrogen fixation mn
higher plants synthesis transport and metabolism Annu Rev
Plant Physiol 37 539-574



“-%

arr

Common Bean Uricase |l and Its Expression 1317

Schubert KR Boland MJ (1990) The ureides In PK Stumpf EE
Conn eds The Biochemustry of Plants Vol 16 Academic Press
New York pp 197-282

Tajima S Ito H Tanaka K Nanakado T Sugimoto A Kouchi H
Okazaki K (1991) Sovbean cotyledons contain a uricase that
cross reacts with antibodies raised agamnst the nodule uricase
(Nod 35) Plant Cell Physiol 32 1307-1311

Tajyma S Kanazawa T Takeuch: E Yamamoto Y (1985) Charac
teristics of a urate degrading diamine oxidase-peroxidase en
zyme system in soybean radicles Plant Cell Physiol 26 787-795

Tajyima S Kato N Yamamoto Y (1983) Cadaverine 1s mvolved 1n
urate degrading activity (uricase activity) in soybean radicles
Plant Cell Physiol 24 247-253

Tajyima S Tanaka K Takane K, Sugimoto A Okazaki K Kouch:
H (1993) Sovbean nodule uricase gene (nodulin 35) 1s expressed
in cotyledons during seed development and early germination
In R Palacios ] Mora WE Newton eds New Horizons in N1
trogen Fixation Kluwer Academic Publishers Dordrecht The
Netherlands p 373

Takane K Tanaka K Tapima S Okazaki K Kouchi1 H (1997)
Expression ot a gene for uricase IT (nodulin 35) in cotyledons of
soybean plants Plant Cell Physiol 38 149-154

Tate R Patriarca EJ Riccio A Defez R Laccarino M (1994)
Development of Phaseolus vulgaris root nodules Mol Plant
Microbe Interact 7 582-589

Thomas RS Schrader RE (1981) Ureide metabolism in higher
plants Phytochemistry 20 361-371

Van den Bosch KA (1992) Biochenustry of peroxisomes Annu Rev
Biochem 61 157-197

Van den Bosch KA Newcomb EH (1986) Immunogold localiza
tion of nodule specific uricase in developing sovbean root nod
ules Planta 167 425-436

Van de Wiel C Scheres B Franssen H Van Lierop M] Van
Lammeren A Van Kammen A Bisseling T (1990) The early
nodulin transcript ENOD2 1s located 1n the nodule parenchyma
(inner cortex) of pea and soybean root nodules EMBO J 9 1-7

Vaughun KC Stegink SJ (1987) Peroxisomes of soybean Glycine
max root nodule vascular parenchyma cells contain a nodule
specific urate oxidase Physiol Plant 71 251-256

Verma DPS Hu CA Zhang M (1992) Root nodule development
origin function and regulation of nodulin genes Physiol Plant
85 253-265

Wallrath LL Burnett JB Friedman TB (1990) Molecular charac
terization of the Drosophila melanogaster urate oxidase gene an
ecdysone repressible gene expressed only in the Malpighian
tubules Mol Cell Biol 10 5114-5127

Wu XW Lee CC Muzny DM Caskey CT (1989) Urate oxidase
structure and evolutionary imphlications Proc Natl Acad Sa
USA 86 9412-9416



