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Foreword VII

FOREWORD

International Scientific Cooperation aims to develop strong and durable links
between the scientific communities of certain Asian, Latin American and
Mediterranean countries and their counterparts in the European Community (EC).
For those countries lacking a substantial body of active scientists, such links allow
work to be carried out at an international level but with the advantage of the
scientists remaining in their home institutions. For European scientists, such links
allow access to a new intellectual environment and the opportunity to apply their
skills to a different range of conditions and problems.

Joint Research Projects

These are the central International Scientific Cooperation activity and allow
research teams to work together on a problem of mutual interest, each team
contributing complementary skills, expertise or resources. A minimum of one EC
research centre and one Third Country research centre must be included, and
participating centres should have an established record in the research field and an
adequate level of basic equipment and infrastructure. Thus, permanent staff
salaries and infrastructure costs must be supported by the laboratories themselves,
The Community normally supports the extra (additional or marginal) costs required
to carry out the project on a joint basis; specifically, these may include:

Labour costs - salaries of additional staff such as research assistants or technicians
employed to work on the project.

Travel and subsistence - to allow reciprocal working visits between participating
centres.

Durable equipment - additional pieces of equipment to complement existing
equipment.

Consumables - additional supplies used during the course of the work.

Other_expenditure - specific additional costs to be justified and negotiated on a
case-by-case basis.

In certain cases, the Community contribution to a joint research project may
represent a percentage of the full costs of the research.

Proposals for joint research projects are evaluated on the basis of criteria such as
scientific interest, innovative value and the extent to which the joint approach might
give added value. For those proposals that are financially supported by the EC,
research contracts are established between the Community and the participating
centres, one of which is nominated by mutual agreement to manage and coordinate
the project and to handle all communications with, and payments by, the
Commission. Projects may last from 2 to 4 years. Graduate students may be
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incorporated into joint research projects and in this way the projects can have a
training function and can enable students to undertake all or part of their work at a
second centre.

Postdoctoral Fellowships

These enable qualified Third Country scientists to undertake research in European
laboratories and make contact with European scientists; the fellowship may
represent a preparatory phase for a joint research project.

Fellowships are normally granted for a period of 6 to 12 months. The Community
awards fellows a monthly maintenance grant to cover all costs including food,
accommodation and health insurance for the fellow and his/her dependants.
Fellows also receive a lump sum to cover travel home at the end of the fellowship
period. Cost of travel to Europe is normally borne by the fellow’s home institutional
or national authority. The European laboratory receiving a fellow is awarded a
bench fee to cover research and related costs.

Candidates for fellowships are appraised on the basis of their research and
academic records, and on the possibilities for continuing joint scientific research
after the fellowship period. For successful candidates, the Community establishes
contracts with the fellows for the maintenance grant and with the host laboratory for
the bench fee.

Workshops

These deal with topics selected together with the third country national authorities;
they bring together up to 10 or 12 European scientists and a similar number of third
country scientists to review progress, present results, discuss ideas and develop
contacts that might lead to the preparation of joint research proposals. Workshops
may also have a regional orientation and include scientists from neighbouring
countries participating in International Scientific Cooperation. The Community can
cover the travel and subsistence costs of visiting participants and make a
contribution towards the publication of the proceedings. The host country covers all
local requirements, such as infrastructure, venue, local transport and secretariat.

International Scientific Cooperation activities are always coordinated in conjunction
with the third country national science and technology cooperation authorities and
in annual meetings, priorities and procedures are established and reviewed as
necessary.

International Scientific Cooperation is open to scientists both from the private and
the public sectors, from industry, industrial research centres, universities and
government research institutes. Research may be carried out on topics from the
natural and exact sciences but must be of a precompetitive nature, i.e. further
development should be necessary before a product or process is marketed.
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INTRODUCTION

The first International Scientific Cooperation activity with Mexico was initiated in
1986, and this volume presents a summary of all activities for which a financial
commitment had been made before the end of 1990. It thus covers joint research
projects, postdoctoral fellowships and workshops, in various stages of completion:
some being totally finished, some in progress and for those projects just starting, a
work programme only is presented. These activities conform to the patterns
described in the Foreword except for some of the earlier research projects
established during the formative stages of International Scientific Cooperation.

The objective of compiling this volume is to show what has been achieved in the
framework of International Scientific Cooperation with Mexico. The strength of
these achievements lies with their firm scientific foundation and this is reflected in
the style of presentation of this volume; however, the contents are orientated
towards a wide readership, to allow not only the scientists, both Mexican and
European, to place their work in a wider perspective, but also to provide a concise
account of the activities to other scientists, government officials, diplomatic
representatives and all those interested in science in Mexico and the European
Community.

This report covers 35 research projects, 40 postdoctoral fellowships and a workshop,
and the summaries included here demonstrate the results of these actions in terms
of research findings, productive contacts developed and scientific publications.
These results are impressive especially considering that many of the activities are
still at an early stage of development and further output will be generated before
they are completed.

The subject-matter of the report has been divided by chapters into eight areas,
Agricultural Sciences, Biological Sciences, Chemical Sciences, Earth Sciences,
Environmental Sciences, Health and Biomedical Sciences, Materials Sciences and
Physical, Mathematical and Engineering Sciences, which reflect the subjects covered
by International Scientific Cooperation proposal evaluation panels and the need to
indicate the spread of activities. Though necessary, this division is somewhat
artificial and the main features of each area are described in the introduction to
each chapter. Within each chapter, summaries have been arranged in ascending
order of project number, an approximately chronological order of starting date.

The successful outcome of the projects is largely the result of the efforts of the
scientists involved. In the reports of the joint research projects the names
mentioned are those of the principal scientists leading the research groups in the
different institutions. It would have been impractical to list all individuals
associated with each particular research project; nevertheless, full references have
been given to publications resulting from the projects and these indicate some of the
other scientists involved. In the reports of postdoctoral fellowships, the fellow’s
name and institution are given, along with the names of the host scientist and
institution,
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Another factor in the success of International Scientific Cooperation with Mexico
has been the contribution of the Mexican Government’s Direccién General de
Cooperacién Técnica y Cientifica (Secretarfa de Relaciones Exteriores) to
promoting the programme and for presenting high-quality proposals to it, and of the
Commission staff responsible for the management of the programme.

WM{W
Giuseppe Valentini,

Director, Science and Technology
Cooperation with non-Member Countries,
Commission of the European Communities

Further information on International Scientific Cooperation with Mexico is

available from:

International Scientific Cooperation,
Directorate General for Science,
Research and Development,

DG X!l G,

Commission of the European
Communities,

200 rue de la Loi,

1049 Brussels, Belgium.

Direccién General de Cooperacién
Técnica y Cientifica,

Secretaria de Relaciones Exteriores,
Homero 213, 2° Piso,

Col. Polanco, México D.F. 11560,
México.



Introduction 3

Bibliometric study of Mexican and EC research output

In order to see the work supported by the International Scientific Cooperation (ISC)
programme in context, a study was carried out by General Technology Systems
Limited in Uxbridge, England, of the extent of co-operation in scientific production
between Mexico and scientists of the EC during the years 1986-90.

The source of data was the Science Citation Index (SCI), published by the Institute
of Scientific Information in Philadelphia, USA. It covers some 3200 leading
scientific journals, the majority of which are international in both authorship and
readership and are published in English. (There are two Mexican journals included,
Archivos de Investigacion Médica and Revista Mexicana de Astronomia y Astrofisica).
Despite these restrictions it is recognised as providing a good coverage of
‘mainstream’ science and it has the singular advantage of recording all the corporate
addresses for the authors of each paper. This enables papers to be identified when
the authors are, say, from Mexico and an EC Member State.

160
140
L ) . [ ]
@
eI -0 B it ] INTUSCRETEEN [ MRRN s [ [T Iy WK
Q. i
S
B 11 B ek T (EEEEE R [ SRS [ R
o |
ot —
a-j [s]0 B uRRtoICRIISIEIeE I TECTISPRRSIRSYSOSIEPY: [N ISSYSISPRPRMISronss [ INCRUTURRRRRRvRot SN FRRRIOTOTRooorourey I RO
a I 5
£
b N 1 0 I e [ RARAGRIIEIS (N EESVVSRSRVIPRIIS [ SIISRRRTSIORN [ FROFPITRVSIOTeruny (R N0
c " *«‘: .
i - 8 -
g . ] & 2 .
° ! :
5 q; i '
xt
20 | L .. o il - .
L 5 & . H
i i 3
. N
1986 1987 1988 1989 1990
Year

Bo B Br [Juw [Jec

Figure 1: Total numbers of papers in SCI co-authored by Mexican and EC scientists with
contributions by four leading EC Member States
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During the period under review, Mexican scientists authored or co-authored an
average of some 1344 papers per year. The annual total has been rising at about 2%
per year, the output from 1986 to 1990 being 1232, 1321, 1477, 1340 and 1353 in
successive years. By way of comparison, the total EC annual production averaged
164,000 papers. During the five years, some 624 papers were co-authored by
Mexican and EC scientists or 125 per year. The figure rose steadily with time both
absolutely and as a percentage of Mexican scientific output, from approximately
8.1% to 10.4% of the total, see Figure 1.

The leading EC Member States in terms of co-operation with Mexico in scientific
production were France, Spain, the UK and (the Federal Republic of) Germany.
Table 1 shows that, judged in relation to their own total scientific output,. the
leading countries were Spain (not suprisingly) with 0.40% and France with 0.11%.
Clearly scientists in EC countries are much less likely to collaborate with Mexicans
than Mexicans are with EC scientists.

Member State Papers per year Percent of output
France 334 0.11%
Spain 28.8 0.40%
UK . 286 0.05%
Germany (FR) 258 0.07%
Italy ' 9.2 0.06%
Belgium 3.8 0.06%
Netherlands 3.6 0.03%
Denmark 24 0.05%

Table 1: Mean numbers of papers in SC| co-authored by Mexican and EC scientists, and
percent of EC Member State total, 1986-90.

An analysis was made of the eight subject areas in which Mexican-EC scientific co-
operation occurred. The classification used was the one adopted for this report but
some of the papers were not easy to classify especially within the three life sciences
areas (agriculture, biology, medicine). Overall during the five years the main area
for co-authorship was physical sciences, with 252 papers (41%). Next came
chemical sciences with 99 papers and biological sciences with 97 (both 16%), and
health and biomedical sciences with 64 papers (10%). The other four areas had
much less co-authorship: earth and materials sciences with 6%, agricultural sciences
with 4% and environmental sciences with 1%.

The four leading EC countries all showed rather similar patterns of co-authorship
with Mexico. France was strong (relative to the EC as a whole) in earth and
chemical sciences (16% and 21% respectively of its output) but weak in physics
(29%); Spain had more co-operations in materials(10%) and physical sciences
(48%) but fewer in agricultural (nil) and health sciences (7%). Germany was rather
strong in physical sciences (52%). The UK was prominent in agricultural (8%) and
health sciences (15%) but, surprisingly, weak in biological sciences (10%).
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Figure 2 shows the changes in subject areas for co-operation over time. Almost all
the overall growth has occurred in the life sciences, whose annual numbers of co-
authored papers rose steadily in four years from 18 to 50.
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Figure 2: Percentages of papers in SCI in eight scientific areas co-authored by Mexican
and EC scientists.

Much of this rise can be attributed to the effects of the ISC programme. Overall,
scientists participating in the programme wrote some 92 papers published by, in
press in, or submitted to, SCI journals; of these, 68, or almost three quarters, were in
the life sciences. Their division by year of publication was as shown in Table 2,
overleaf.
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Science area 1986 1987 1988 1989 1990 1991 Total

Agriculture 1 3 1 8 17 30
Biology 2 3 3 2 10
Health 2 5 17 4 28
Total Life Sciences 1 7 9 28 23 68
Other 4 7 13 21
Grand Total 1 7 13 35 36 92

Table 2: Distribution by year of Mexican ISC programme publications in SCI by major
scientific area listed in this report.

Not all these publications are co-authored by Mexican and EC scientists, although
the majority appear to be. The table shows that the scientific results of the
programme are now appearing in quite large numbers. It is probable that the total
for 1991 will be higher as many joint research projects described in this report are
still in progress. The volume of publications in SCI journals represents of the order
of 3% of all those with a Mexican author which is a measure of the impact of the
ISC programme on Mexican science.
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1 AGRICULTURAL SCIENCES

Summary

For the purposes of this report, agricultural sciences are interpreted in the broadest sense, and include
not only studies of crop and animal production but also forestry, fisheries and post-harvest processing
of agricultural products. Mexico’s large land surface and wide diversity of ecological conditions lead in
turn to a wide range of agricultural systems and an agriculture industry that plays a very important part
in the economy of the country. This is reflected in International Scientific Cooperation with Mexico
and this chapter includes about one third of the joint research projects and one quarter of the
postdoctoral fellowships covered in this report.

The studies reported in this chapter fall into four main groups: biological nitrogen fixation, pest
control, post-harvest processing and fisheries. Despite this wide range of subjects, it is interesting to
note that a common feature of many of these studies is that they employ molecular-level investigation
of the problem to be tackled.

Biological nitrogen fixation is a very attractive approach to improving crop yield; whilst not new, it is
the subject of much research because it is inexpensive and free from unwanted side-effects on the
environment, a research centre dedicated to it has been set up by the Mexican National University at
Cuernavaca, and it was the subject of an International Scientific Cooperation workshop in Mexico. The
biological nitrogen fixation work reported here covers the development of improved bacterial strains,
approaches to modifying the symbiosis through genetic engineering and a study of nitrogen metabolism
and its genetics.

The major emphasis of the projects relating to pest control summarised here is on the identification
and mode of action of naturally-occuring chemicals having pesticidal properties with a view, ultimately,
to genetic engineering applications. Such a strategy would allow a specific solution to pest control
problems in crops and reduce or eliminate the need for the use of agrochemicals which can have
damaging secondary effects on the environment. One project deals with coconut lethal yellowing, a
new disease problem for Mexico, and the use of micropropagation to obtain a large number of progeny
from selected trees in a short period of time.

The post-harvest processing projects cover fermentation technology to produce new foods and to
preserve foods as an approach particularly appropriate for Mexican conditions, the development of new
products from sugar, and the food use of safflower and amaranth. The fisheries projects reflect the
importance of Mexican marine resources and the possibilities for their more rational exploitation
including aquaculture techniques.
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Joint research projects

1 Construction of hybrid strains of Rhizobium phaseoli with
improved symbiotic properties

R. Palacios

Centro de Investigacion sobre Fijacién de Nitrégeno, Universidad Nacional
Auténoma de México, Apartado Postal 565-A, 62271 Cuernavaca, Morelos,
México.

Contract number and duration: Cl1*/0104, July 1987 to June 1989.

Background

Bacteria belonging to the genus Rhizobium form nitrogen fixing nodules in the roots of legumes.
Bacterial genes controlling nodulation, host-range specificity and nitrogen fixation have been located
on large plasmids (symbiotic plasmids).

In the last few.years we have directed our research efforts towards the understanding of the nature of
Rhizobium phaseoli (the symbiont of the common bean plant Phaseolus vulgaris) and its genome. We
have found two types of strains able effectively to nodulate P. vulgaris. Type I encompasses about 95%
of the strains screened, they have a narrow host range of infection and their symbiotic plasmid contains
reiterated nitrogenase genes. Type II strains have a broad host range as they are able effectively to
nodulate Phaseolus as well as other tropical legumes including Leucaena and do not present repeated
nif genes. We have proposed that the two types of strains represent different evolutionary lines. We
have preliminary evidence that the symbiotic plasmid of type I and type II strains belong to different
compatibility groups. We have recently found that when the symbiotic plasmid of one type II strain is
transferred to an Agrobacterium tumefaciens devoid of its native plasmids (GMI9023), transconjugants
are able to induce nitrogen fixing nodules in both Phaseolus and Leucaena.

In regard to the nature of the Rhizobium phaseoli genome, our studies indicate that it contains a large
amount of repeated DNA sequences and that genomic rearrangements are frequent.

Objectives

General Construction of hybrid strains of R. phaseoli with improved symbiotic properties by joining
plasmids from different strains in the same chromosomal background.

Specific
1 To further characterise Rhizobium strains able to nodulate Phaseolus vulgaris.
2 To transfer symbiotic plasmids from several type I and type II R. phaseoli strains to

Agrobacterium tumefaciens, and to determine the symbiotic properties of the transconjugant
strains. )

3 To use Agrobacterium transconjugants containing one symbiotic plasmid as recipients of other
plasmids and to determine if symbiotic properties can be improved.
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4 To construct hybrid Rhizobium strains containing plasmids from different native isolates.

5 To use the hybrid strains obtained to define the influence of different replicons in competition
between strains.

Figure 1: The laboratory for nitrogen fixation research in UNAM.

Materials and methods

Transfer of symbiotic plasmids of R. phaseoli strains to Agrobacterium tumefaciens. Rhizobium strains
were labelled at random with a Tb5-mob transposon through a triparental mating using both an E. coli
strain containing a pBR derivative carrying the transposon and a mobilising helper strain. Labelled
strains were selected and conjugated with Agrobacterium tumefaciens. Agrobacterium transconjugants
derived from each strain were inoculated in mass using P. vulgaris as host. Strains were purified from
nodules and characterised by plasmid profile and by genome Southern hydridisation using nif genes as
probes.

Construction of hybrid Rhizobium _strains. Different Rhizobium phaseoli strains were mated with
donor bacteria harbouring Tn5-mob on different plasmids. Transconjugants with additional plasmids
were verified by the Eckhardt procedure and used as inoculant for nodulation and competition assays
at different ratios with parental original strains.

Determination of symbiotic_properties. Nodule number, and acetylene reduction were routinely
screened in both beans and Leucaena. Selected strains were compared by their ability to compete
among them.
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Results and discussion

Description of two different types of Rhizobium phaseoli strains R. leguminosarum bv. phaseoli strain-

collections harbour heterogencous groups of bacteria where two main types of strains may be
distinguished, differing both in the symbiotic plasmid and in the chromosome. Type I strains are
characterised by a narrow host range of nodulation and by the presence of nif-gene reiterations. Type
11 strains have a broad host range of nodulation and present single nitrogenase genes. In regard to its
symbiotic capability, there is no significant difference in the total number of nodules formed or in
nitrogen fixation in both types of strains.

We have recently proposed that type 1 and type II strains should be considered as two different
Rhizobium species (Martinez et al, submitted).

Competitive abilities of R. phaseoli type I and type II strains Seeds of Phaseolus vulgaris cv. Negro

Jamapa or Negro Angel were inoculated with mixtures of two R. phaseoli strains at different
proportions. After 16 days nodules were crushed in non-selective media and single colonies were
picked and tested for growth in selective media for strain identification. Different combinations of type
T and type I strains were analysed. Type I strains showed much higher competitive ability.

At a 1:1 ratio of inoculation, more than 90% of the nodules were formed by type I strains both in the
Negro Jamapa and in the Negro Angel bean cultivars. Large inocula of type II strains are needed to
increase its percentage of nodule occupation. These differences in competitivity might explain the fact
that under natural conditions Phaseolus vulgaris is usually nodulated by type I strains.

Construction and symbiotic properties of Agrobacterium tumefaciens strains containing_symbiotic
plasmids from Rhizobium phaseoli type I and type II strains. Different type I and type II Rhizobium

Pphaseoli strains were used as donors to transfer the symbiotic plasmid to an Agrobacterium tumefaciens
strain (GMI9023) whick had been cured from all its native plasmids. Agrobacterium tumefaciens
transconjugants containing symbiotic plasmids were obtained from all the R. phaseoli strains used. All
transconjugants were able to nodulate P. vuigaris and conserved the parental nodulation host range:
transconjugants containing type II symbiotic plasmids were able to nodulate Leucaena in addition to P.
vulgaris. A fix phenotype was obtained with type I symbiotic plasmids while type II symbiotic plasmids
in the Agrobacterium chromosomal background were able to induce effective nodules.

An Agrobacterium transconjugant containing the symbiotic plasmid from type II R. phaseoli CFN299
strain was used to test the effect of other plasmids in regard to symbiotic properties. The original
Rhizobium strain contains two plasmids in addition to the symbiotic one. Agrobacterium
transconjugants containing the symbiotic plasmid plus either one of the other or both of them were
obtained and symbiotic properties were analysed. The data indicated that onme of the plasmids
(CFN299 pb) increased the nodule formation and nitrogen fixation in the Agrobacterium background.

Increased nodulation-competitiveness of genetically modified R. phaseoli strains Type I R. phaseoli
strains CFN42, Viking I, TAL182 and CFN279 were genetically modified by the transfer of plasmid

CFN299 pb. The transconjugant strains formed on the average 50% more nodules than the original
parental strains. Moreover, a significantly larger percentage of nodules were derived from the
transconjugants when tested in competition experiments against the non-modified Rhizobium strains.
These results indicate that, at least under laboratory conditions, symbiotic properties can be improved
by genetic manipulation based on plasmid transfer between Rhizobium strains.

Conclusions

It is possible to construct hybrid Rhizobium strains containing plasmids from different native isolates.
Some of these construction show improved symbiotic properties as compared to the parental strains.
This approach should be used systematically to search for strains improved in symbiotic properties.
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2 Genetics and molecular biology of the Phaseolus vulgaris -
Rhizobium leguminosarum biovar Phaseoli symbiotic
association

F. Sanchez

Centro de Investigacion sobre Fijacién de Nitrégeno, Universidad Nacional
Autébnoma de México, Apartado Postal 565-A, 62271 Cuernavaca, Morelos,
Meéxico.

Contract number and duration: Cl1* /0105, August 1987 to July 1989.

Background

The legumes, particularly plants of the genus Phaseolus, are a primary source of protein in the diet of
the vast majority of the Latin American population. The symbiosis of the legumes with micro-
organisms of the genera Rhizobium, Bradyrhizobium and Azorhizobium is potentially capable of
supplying the nitrogen requirements of the plant from atmospheric nitrogen. The research focused on
genetical and molecular biology aspects of the Phaseolus vuigaris - Rhizobium leguminosarum biovar
Phaseoli (to be called Rhizobium phaseoli in the rest of the text) - symbiotic association.

Objectives

The general objective of the study was to apply the methodology of genetics and modular biology to
define at the molecular level the role of both the plant host and the bacteria during the symbiotic
association between Rhizobium phaseoli and Phaseolus vuigaris.

Specific gbjectiv

1 Construction of two Rhizobium phaseoli gene banks in cosmid vectors that are able to
replicate in Rhizobium. One gene bank was made from a broad-host range strain capable of
effectively nodulating Phaseolus, Leucaena and siratro, the other will be made from a narrow
host-range strain effectively able only to nodulate Phaseolus.

2 Identification of symbiotic gene functions by transfer of cloned symbiotic regions from E. coli
into pSym cured R. phaseoli strains and position complementation for nodulation and/or
nitrogen fixation in Phaseolus vulgaris and Leucaena.

3 Rhizobium phaseoli transposon mutagenesis with generic vectors (Mudlacll) that generate lac-
gene fusions. Those clones turned on by Phaseolus root extract will be selected and checked
for a symbiotic defective phenotype.

4 Characterisation of Phaseolus vulgaris nodule specific proteins and transcripts by SDS-PAGE
of nodule extracts and polysomal RNA in vitro translation products from nodules induced by
wild type and symbiotically altered R. phaseoli strains.

5 Isolation and characterisation of nodules specific cDNA clones from Phaseolus vulgaris to use
some of these cDNA clones as developmental markers to frame the symbiotic interaction (e.g.
leghaemoglobin, uricase, glutamine synthetase, xanthyne dihydrogenase, etc).

6 Characterisation of the wild type and altered symbiosis of Phaseolus vulgaris-Rhizobium
DPhaseoli by light and electron microscopy.
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Materials and methods

The construction of the narrow host range Rhizobium phaseoli CE-3 strain genome bank was made in
pSup205, a pBR325 derivative with the cos site from lambda phage and mob site from pRP4 in order to
be mobilised from E. coli into Rhizobium (Cevallos et al, 1989).

The broad host range Rhizobium phaseoli CIAT 899 library was constructed in pVK102, a low-copy
number and broad-host range cosmid vector (Vargas et al, 1990). Transfer and identification of
symbiotic information from E. coli into Rhizobium was performed according to the method of Cevallos
et al (1989). Transposon mutagenesis with genetic vectors MudIllac was done according to the
methods of Cevallos et a/ (1989) and Vazquez et al (1991). Nodule extracts and polysomal RNA in
vitro translation products from nodules were prepared and separated according to the methods of
Campos et al (1987) and Sanchez et al (1988).

Light and electron microscopy characterisation of nodule tissue were described in Cevallos et al (1989)
and Soberon et al (1990).

Results and discussion

The results from these studies have defined the minimal amount and molecular organisation of the
genetic information from R. phaseoli that is essential for nodulation. They have also helped us to
understand the plant-host response by describing the symbiotic interaction at the ultrastructural and
molecular level. The basis to modify by genetic engineering some aspects of the symbiotic interaction
between Rhizobium phaseoli and Phaseoli vulgaris has been created.

The first part described the minimal amount and molecular organisation of the genetic information
from R. phaseoli that is necessary for nodulation. In this part, specific objectives 1, 3 and 6 were
addressed. The construction of the narrow host range Rhizobium phaseoli CE-3 strain genome bank
was made in pSup205, a pBR325 derivative with the cos site from lambda phage and mob site from
pRP4 in order to be mobilised from E. coli into Rhizobium. The construction of this gene bank is
described in Cevallos ef a/ 1989. Besides partly covering specific objective 1, specific objectives 2 and 3
were addressed since this paper shows that a pSym-cured derivative of the narrow host-range (CFN
2001) strain, incapable of inducing nodulation in P. vuigaris, was complemented by CE-3 DNA cloned
in pSup205. Recovered transconjugants were able to induce nodulation. Two nodulation regions from
the symbiotic plasmid (pSym) of Rhizobium phaseoli CE-3 were identified. Two regions were
contained in overlapping cosmids pSM927 and pSM991. Analysis of deletion and insertional mutations
in the sequences of pSM991 indicated that the genes responsible for the induction and development of
nodules in P. vulgaris are organised in two regions 20 kb apart. Electron microscopy examinations of
nodules induced by the wild type (CE-3) and CFN2001 containing pSM991 or pSM927 or a deletion
derivative from pSM991 that still nodulates pSM991-25, were presented.

Recently, by genetic and nucleotide sequence analysis of the two regions involved in nodulation from
the CE-3 strain, it was found that the common nodulation genes in R. phaseoli have a novel
organisation. In spite of forming an operon or mapping physically together, in all specified studied thus
far, the functional nodA gene is separated from the nodBC genes by 20 kb. This novel organisation
could be the result of a complex rearrangement, as zones of identity between the two separated nod4
and nodBC regions, were found. Interestingly, despite the separation, the coordination of the
expression of these genes seems not to be altered. Two papers, Vézquez et al, 1991 and Vézquez et al,
1990, describe this work.

The broad host range Rhizobium phaseoli CIAT 899 library was constructed in pVK102, a low-copy
number and broad-host range cosmid vector. This is described in Vargas et al, 1990. This broad host
range strain nodulates a wide range of hosts: Phaseolus vulgaris (beans), Leucaena esculenta and
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Macroptilium atropurpureum (siratro). A nodulation region from the symbiotic plasmid was isolated
and characterised. This region, which is contained in the overlapping cosmid clones pCV38 and
pCV117, is able to induce nodules in beans, Leucaena esculenta and siratro roots when introduced in
strains cured for the symbiotic plasmid. In addition, this cloned region extends the host-range of
Rhizobium meliloti (which nodulates alfalfa) and R. legumninosarum biovar trifolii (which nodulates
clover) wild type strains to nodulate beans. A 6.4 kb HindIIl fragment contains the essential genes
required for nodule induction on all three hosts. A constructed subclone that hydridizes to a NodD
probe, when conjugated into a CE-3 narrow hostrange R. phaseoli strain, made it able to elicit nodules
on Leucaena esculenta and siratro roots. These results suggest that this pSym region (1 kb) is involved
in the extension of host specificity to promote nodule formation in P. vulgaris, L. esculenta and M.
atroporpureum.

The second part involving the description of plant-host response at the molecular level was covered by
specific objectives 4 and 5 and partially by 6. We have been working for a longer period of time on this
subject and a number of publications have been made. We have constructed two cDNA libraries from
beans, one from infected root and other from mature nodules. Several nodulin genes have been
isolated from them.

Nodulin genes have been divided in two types. The first of these is early nodulins, when expression is
detected in early stages of nodule development and probably related to the nodule formation. We have
worked with an early nodulin which was originally isolated from soybean nodules called ENOD2
(Sénchez et al, 1988; Lara et al, 1988; Padilla et a/, submitted). Recently, a novel early nodulin with no
homology so far discovered to any other gene or protein has been isolated from an infected root bean
cDNA library (PvENOD20). :

Late nodulins are expressed late in nodule development, at about the onset of nitrogen fixation.
Several late nodulin genes have been isolated from bean nodules (Sdnchez et al, 1988; Lara ef al, 1988;
Padilla et al, submitted). Such is the case for leghaemoglobin, uricase II, and a large gene family called
nodulin 30.

We have concluded the quantification of the mRNA relative expression levels of early and late
nodulins. This was done in nodules induced by wild type and mutant strains of Rhizobium as well as an
Agrobacterium transconjugant strain harbouring the symbiotic plasmid of CE-3 (42d); this bacterium
fixes up to 20% of the wild strain. The results of these studies are summarised in S4nchez et al, 1988;
Padilla et al, submitted and Sanchez et al, in press.

The nucleotide sequence of the corresponding genomic clone, a member of the nodulin 30 (PvNod30)
gene family has been concluded. This nodulin has homology with other genes that contain "Zn finger
motives" (S4nchez et a/, in press).
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3 Biochemical characterisation of toxic proteins in the
defence of plants against insect and microbial pests of
importance in Mexico

A. Blanco Labra
Centro de Investigacién y de Estudios Avanzados del IPN, Unidad Irapuato,
Apartado Postal 629, 36500 Irapuato, Guanajuato, México

M. Richardson
Department of Botany, University of Durham, Science Laboratories, South
Road, Durham DH1 3LE, England.

Contract number and duration: Cl1*/0190, January 1988 to December 1990.

Background

Agricultural crops from the tropical and sub-tropical regions of Central and South America are subject
to serious pre- and post-harvest damage by a wide variety of insect and microbial pests. Plants contain
a range of biochemical compounds which contribute to their overall defence mechanisms against the
attacks of these insect and microbial pests. Proteins such as the enzyme (proteinase and o amylase)
inhibitors and lectins have been shown to be implicated in the resistance of seeds to predation during
post-harvest storage by insects such as Callosobruchus, Tribolium and Tenebrio. Furthermore it has
been demonstrated that some of these proteins from seeds can be genetically engineered into other
plants where they increase the foliar resistance to feeding by herbivorous insects such as Heliothis,
Spodoptera and Manduca. Tt was our objective to attempt to identify potentially useful proteins of this
type which might be employed in plant breeding programmes or in DNA recombinant technology to
improve crop resistance.

Materials and methods

We have surveyed a range of existing and potential crop plants (e.g. maize, sorghum, lentil, cow-pea,
Cucurbita fiscifolia, Amaranthus cruentas, Mesquite (Prosopsis juliflora) for their content of proteinase
(trypsin and chymotrypsin) and o -amylase inhibitors, paying particular attention to those inhibitors
most active against the enzymes from the guts of the potential insect pests. We have employed the
conventional methods of protein purification (gel-filtration, ion exchange chromatography, etc) in
isolating these molecules, but in addition we have also used the modern techniques of affinity
chromatography (with Procion red and immobilised enzymes as ligands), FPLC and reverse phase
HPLC. The primary structures (amino acid sequences) of such proteins of interest have been
determined by automated and manual microsequencing methods. Computer programmes have been
utilised in searching for sequence similarities (homologies) as indicators of unsuspected functions.
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Maize (Zeg mays) We have isolated and determined the structure of two potent bifunctional
inhibitors of trypsin and insect o -amylase from this import crop plant. One of these, a protein of 22
kD molecular weight was discovered to exhibit a most surprising and unexpected homology with
patheogenesis-related (PR) proteins and the intensely sweet protein thaumatin (Richardson et al,
1987). The second protein (12 kD) was found to be identical in structure to a trypsin inhibitor
previously reported by Prof. Reeck and his co-workers at Kansas State University, who failed to detect
its activity against insect o« -amylases. We are now collaborating with this group in further studies on
the biochemistry and molecular biology of this potential target for protein and genetic engineering
(Reeck et al, submitted).

Lentil (Lens culinaris) We have isolated a number of double headed inhibitors of trypsin and
chymotrypsin in from these seeds. Our determinations of the primary structures of these inhibitors
have revealed that they belong to the well known family of Bowman-Birk proteinase inhibitors from
legumes (Richardson, 1991). One of the isoinhibitors is particularly interesting because it also inhibits
proteases from the fungus Aspergillus niger and the insect Sitophilus zeamais.

Sorghum (Sorghum bicolor) In a separate collaboration with workers from the University of Brasilia
we have discovered five inhibitors of insect o -amylases in seeds of this important Mexican crop. Two
of the proteins belong to the cereal superfamily of enzyme inhibitors, but the other three are small (5
kD) isoinhibitors of locust and cockroach « -amylases, which are currently the smallest known plant
inhibitors of this type of enzyme. They have sequence homologies with the purothionins from other
cereal seeds and certain other toxic proteins (Bloch and Richardson, 1991).

Cucurbita fiscifolia We have characterised a small (3.3 kD) but very active trypsin inhibitor from these
seeds which clearly belongs to the Squash trypsin/Hageman factor inhibitor family. In addition to
being a very potent inhibitor of bovine trypsin, this small protein was also very active against a protease
from the insect pest Prostephanus truncatus.

Amaranthus Seeds of Amaranthus hypocondriacus were shown to contain inhibitory activity against the
amylases and proteases in the insect pests of cereals (Tribolium castaneum, Prostephanus truncatus, and
Sitophilus zeamais), the amylases from the legume pests Callosobruches maculatus, Zabrotes
subfasciatus and Acanthoscelides obtectus, and protease activity in the fungus Aspergillus fumigatus.

Also assisted by Gerardo Pérez (National Univ. Bogota, Colombia) we have isolated an N-acetyl D-
galactosamine specific lectin from the seeds of Amaranthus cruentus a Mexican crop plant which is
becoming more widely cultivated in Central and South America. So far we have established about 70%
of the primary structure of this protein which is completely different from all previously studied lectins.
We hope to investigate its potential as a defence agent in insect feeding trials.

Mesquite (Algaroba, Prosopsis julifiora) Drought-resistant species of this xerophytic shrub are of
widespread occurrence in the dry regions of Central and South America. Some recent studies have
suggested that the fruits and seeds of this species might be an acceptable emergency source of foodstuff
for humans during famine periods caused by extremes of drought such as those frequently experienced
by the north-eastern States of Ceara and Rio Grande do Norte in Brazil. However little is known
about the proteinase inhibitors and other anti-nutritional proteins in these seeds. We have therefore
collaborated with workers at the Federal Universities in these States in an investigation of these
proteins. We have now characterised and sequenced three separate and very different inhibitors of
trypsin and chymotrypsin from Prosopsis (Negreiros et al, 1991).
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Discussion and conclusions

We hope soon to have sufficient information on a variety of toxic proteins of this type to be able to
select one or more of the most promising as targets for plant breeding for increased pest resistance. In
addition to the financial support, the scientific co-operation has had several benefits for the
participants. In particular the European workers have gained an insight into the special problems of
tropical and sub-tropical agriculture and ready access to interesting plant materials and the enzymes
from important insect pests. Three of the Mexican collaborators have visited Durham where they have
gained experience of equipment and techniques not initially available in Mexico. Furthermore the co-
operation has attracted the interest and participation of other new collaborators from Brazil,
Colombia, the USA and the UK.
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4  Non-dairy lactic fermentations

I. Guerrero Legarreta
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Iztapalapa, Apartado Postal 55-535, Colonia Vicentina, 09340 México,D.F.,
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Contract number and duration: Cl1*/0197, June 1988 to May 1990

Background

Lactic fermentations are very old and efficient ways of preserving foodstuffs. They are also used to
increase food varieties and can produce flavours enjoyed by consumers. In Mexico, lactic
fermentations have traditionally been used to produce corn-based drinks. More recently, they have
yielded fermented dairy products.

This project explored two new ideas for the use of lactic fermentations. The first was to develop a
novel food, rather like a yoghurt, from milk whey (often currently thrown away), soya milk and oat
flour, The second was to employ lactic acid fermentation in meat as a means of decontamination and
to extend its shelf-life. This is a very desirable aim in a hot and humid country like Mexico.

1. Production of novel yoghurt

Introduction

Milk is in short supply in Mexico and is imported in large quantities. There is large-scale cheese
production but the unused whey is mostly discarded. It was an objective of this project to utilise this
by-product together with inexpensive and widely available plant materials, soya milk and oat flour, to
make a food with good nutritive properties and a pleasant flavour.

The nutritive properties of the three components were known from food tables. They could be used to
design a starter flora of bacteria that could produce a fermentation and yield a yoghurt-like product.
This process should improve the flavour and protein-digestibility of the mixture. It should also
eliminate a -galactosidases of soya.

Materials and methods

Two different commercially-used methods for the production of soya milk were used. Both involved
cleaning, boiling and peeling the soya beans and then mixing them with water. The first was a method
recommended by the American Soy Association and yielded a soya milk with 1:4 soya/water ratio. The
second method was that of Wang and Hesseltine (1982) and it gave a 1:10 ratio soya milk. The oat
flour was obtained by milling whole oat flakes in an impacting mill and retaining the flour passing
through a Tyler 100-mesh sieve. The whey was obtained from Kem Foods of Mexico City in the form
of spray-dried cheese whey. The mixture comprised 82% soya milk, 11% oat flour and 7% whey solids.
As a control, dehydrated cow’s skimmed milk of 14.5% solids was employed. Both mixture and control
were pasteurised by heating to 80oC for 20 minutes.



20 Agricultural Sciences

Chemical analysis Acid production (reported as lactic acid), pH, total soluble carbohydrates (by
phenol sulphuric techniques), sugar consumption (by DNS), proteolysis measured as soluble peptides
(by Lowry’s technique), apparent viscosity (measured in a Brookfield LVF), water activity (measured in
a Decagon CX-10) and colour (measured in a Hunter Lab) were measured. Total solids content of the
mixture was 20.6% (soya milk 3.8%, oat flour 9.8%, whey solids 7.0%); lactose was 5.4% and protein
3.9%. In the yoghurt, total solids were 14.3%, with lactose 4.6% and protein 5.0%.

Fermentation A commercial yoghurt starter culture (Rosch) was used. Fermentation took place at
420C. Initially 12 hours was allowed but it was found that fermentation was complete after 7 hours and
this time was therefore used throughout the work. A check was made on the effects of the heat
treatment on the microflora. Total available counts, coliforms, yeasts and moulds were all negligible.

Resuilts

The chemical composition of the mixture was obtained from tables, as well as that for the raw
components and these compared with the chemical score of an infant food formulation, see table 1.

Soya Oats Whey Mixt. Yog'rt Infant

food
Isoleucine 113 - 95 190 124 155 105
Leucine 111 103 169 121 164 109
Lysine 116 67 205 119 125 102
Methionine + Cystine 8 129 149 115 83 120
Phenylalanine + Tyrasine 137 138 117 133 182 140
Threonine 95 85 210 118 113 88
Tryptophan 130 130 240 155 130 130
Valine 96 102 144 109 138 110

Table 1: Essential aminoacid scores of raw materials, yoghurt and an infant food

Sources: oats, Paul and Southgate, 1978; whey, Hambraens, 1982; infant food, del Valle et al, 1981.

Water availability for the gelatinisation of starch and possible changes in water activity and viscosity
during fermentation were monitored with the results shown in table 2. Fermentations were performed
with the original mixture and diluted with 50% water and 100% water; milk was used as a control.
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Original +50% +100% Milk
mixture water water
Composition:
Water (%) 794 853 88.5 85.7
Total solids (%) 20.6 147 11.5 143
Viscosity (cp):
80 C, 20 min 1300 40 12 4
80 C, 60 min 1240 105 20 -
Water activity:
80 C, 20 min 0.986 0.990 0.990 0.980
80 C, 60 min 0.988 0.991 0.992 -
Table 2: Influence of dilution and heat treatment on viscosity and water activity

The buffer capacity of each of the raw materials and that of the mixture were compared to that of milk
by the addition of lactic acid to the suspension and measurement of pH. The colour of the raw
materials and that of the mixture before and after fermentation was analysed.

Discussion

Yoghurt starters have very complex nutritional requirements: milk supplies them with all of the
essential nutrients such as a carbon source (lactose), aminoacids and proteins, vitamins and minerals.
These organisms do not grow and produce lactic acid in soya milk as they do in milk, therefore
fortification with other sources of carbon and/or nitrogen is needed to enmhance fermentation
performance. Streptococcus thermophilus does not need additional sugars because it can ferment
sucrose and glucose, but it is stimulated by nitrogen supplements; on the other hand Lactobacillus
bulgaricus is unable to utilise sugars present in soya milk, except glucose which reaches low
concentrations; it also is stimulated by nitrogen supplementation. In the mixture used in this study,
lactose was present at a similar level to that in milk. It was not therefore expected that there would be
any limitation due to lack of fermentable sugars. In fact, according to profiles of acid production, pH,
carbohydrate consumption and proteolysis, the fermentation mixture is ideatical to that of milk for
yoghurt production.

In the system employed, viscosity changes due to fermentation were negligible. Good viscosity values
were obtained because of the gelatinisation of oat’s starch during heating. Neither water activity nor
milk colour changes during fermentation. Heat treatment has very little influence on the colour.
However, the mixture is less white than milk and a little less green than milk. Milk and whey clearly
have a green component which could be due to riboflavin as there is a reduction of the vitamin after
fermentation by yoghurt cultures. The mixture is in fact a little red (as opposed to green) before
fermentation and shifts to green after it. The oat flour suspension alone became darker after heat
treatment, but this effect is not noticeable in the mixture.
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Further work

A yoghurt-like product with adequate nutritional, physical and chemical characteristics has been
obtained from plant foodstuffs and whey. Sensory evaluation of the product is now in progress at
UAM-I using three different yoghurt starters. Nutritional studies in vivo are also in progress at Oxford
Polytechnic,

Il Decontamination of meat

Introduction

Although in healthy animals, muscle tissue is expected to be free from contamination, it frequently
becomes infected with microorganisms after the animal has been slaughtered. Poor hygiene and
handling practices in the abattoir are responsible. Refrigeration can arrest the process of decay but
this is expensive in a country like Mexico. Moreover, many animals are slaughtered in semi-rural
municipal abattoirs or rural areas where such facilities are absent. The problem is compounded by the
high temperatures encountered in transport, distribution and storage of the carcases: temperatures
often reach 35°C and many hours elapse before the meat reaches the consumer.

There is an extensive research literature on the development of the microorganisms in meat.
Chemicals are sometimes used to prevent their growth, such as acetic and lactic acid. The latter can be
quite effective but it is expensive. An alternative is to use lactic acid bacteria, which some authors have
found to be of great value in extending meat shelf-life. Research here has concentrated on the
fermentation of added carbohydrates (sucrose) in ground meat in order to develop attractive flavours
and extend shelf life, and the changes occurring during meat spoilage.

Objectives

The aims of this project were to study microbial changes and the related chemical composition in meat
stored in the semi-tropical conditions found in Mexico, including the effects of extrinsic factors (e.g. air
exclusion). A second aim was to study lactic fermentation as a means of increasing meat shelf life.
This would involve study of the amount and type of microbial populations in meat cuts so treated.

Materials and methods

The first series of experiments used amines as indicators of spoilage. Beef and pork samples were
used, refrigerated and both wrapped in saran film and unwrapped. Total amine nitrogen was
determined following exchange chromatography. Because information on slaughter time was not
available, some samples of rabbit meat were also used. Counts were made of Pseudomonads, total
aerobic viable bacteria and lactic acid bacteria. Results showed that wrapping did not promote the
growth of lactic acid bacteria so as to outnumber other types, but the production of diamines was
slower than in unwrapped samples. Rabbit meat spoiled faster because of its pre-rigour condition.

In the second series of experiments, inoculation with seven microbial strains of lactic acid bacteria was
carried out on the meat samples. The factors studied were oxygen availability (saran-wrapped or
unwrapped samples); carbohydrate source (addition of 1% sucrose to half of the samples); storage
temperature (15 and 27°C); and strains inoculated. The response variables were: lactic acid
concentration; pH; lactic acid bacteria counts and Pseudomonads counts. The results showed lower
pH values and Pscudomonads counts for wrapped samples, stored at 27°C and inoculated with
Lactobacillus bulgaricus and L. acidophilus. No significant differences were found between the two
species for any of the response variables studied.
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Subsequently pork and beef samples on a similar experimental design were treated with: Inoculum of
L. bulgaricus and Pediococcus pentosaceus; a commercial starter inoculum of M. kristinaevarians and L.
bulgaricus; and left uninoculated. The results favoured the samples inoculated with the commercial
product in terms of a decrease in Pseudomonads counts and lower pH values, although no significant
differences were obtained between species for any response variable. Extrinsic factors such as
wrapping, temperature and sucrose addition also affected the quality of the samples regarding low
Pseudomonads counts and high lactic acid concentration.

Data were analysed by a SAS package adapted to a PC (HP Vectra 286/12) for analysis of variance and
regression analysis.

Discussion

Pseudomonads become the predominant strain in meat stored in air. Dainty (1986) reported that
glucose is used exclusively to support the initial phase of growth of Pseudomonads. Brocothrix
thermosphacta and an Enterobacter sp. After glucose depletion, Pseudomonads and the Enterobacter
sp. metabolise aminoacids (the main source of volatile esters, amines, thiols, sulphide and ammonia)
and lactic acid (Edwards et al, 1987). However, variation in meat composition, non-enzymatic
processes such as lipid oxidation, reactions catalysed by meat and/or bacterial enzymes and analytical
methodology may change the pattern of compounds identified in a particular sample. All these
compounds produce the fruity, putrid, sulphury and ammoniacal odour characteristic of the type of
microbial population present. Liquid oxidation can also be caused by lipases produced by some
psychrotrophic bacteria such as Pseudomonas fragi.

Brocothrix thermosphacta has been detected also in aerobically spoiled meat, but was thought not to be
important except in lamb. This is the only Gram-positive organism found in high numbers on
acrobically-stored meat. When glucose is depleted, B. thermosphacta metabolises glutamic acid.
However, some authors claim that it is strictly saccharolytic. This organism, through an incomplete
oxidation pathway of glucose metabolism, produces acetoin (3 hydroxy-2-butanone), diacetyl (2,3-
butanone) acetic acid and, if glucose concentration is high enough, 2,3-butanediol.

Non-volatile compounds produced included some biogenic amines such as putrescine and cadaverine,
formed from ornithine and lysine respectively. Pseudomonads are the major putrescine producers,
whereas Enterobacteriaceae produce cadaverine. Increasing storage temperature also increases
Enterobacteriaceae numbers, and hence cadaverine concentration. Other diamines, such as tyramine,
spermidine, diaminopropane and agmantine were also detected in meat stored in air. When a
semipermeable wrapping film is used, some CO2 is built up in the package, slowing down growth of
Pseudomonads and encouraging the growth of B. thermosphacta, so the latter becomes in some cases
the dominant flora. In this situation glucose is converted to acetoin and later aminoacids are converted
to short chain fatty acids producing a characteristic sweet, sickly, malty odour.

Further work

Further studies are required in relation to microbial and chemical changes during storage and spoilage
stages in the two species under study (beef and pork); the ability of genetically-improved strains to
compete successfully with spoilage and pathogenic microorganisms and to produce pleasant flavour
and aroma compounds; and the biochemical effect of extrinsic factors.

Other studies will include flavour and aroma production in meat products extended with starch or
other amylaceous materials, which decreases the cost of a meat-based product, making it more
accessible for low-income populations. This is already done in many countries, sometimes legislated
and sometimes not. However, imitating the flavour and aroma of an "original” 100% meat-product is
not yet possible.
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5 Basic and applied research on glucosyltransferase
enzymes for the production of new carbohydrate derivatives
from sucrose.
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Contract number and duration: Cl1* /0262, August 1988 to July 1992.

Background

During the last two decades, the sugar industry has been subject to dramatic changes due to
biotechnological developments in this field. The production of high fructose syrups from corn as well
as the synthesis of intense sweeteners, such as aspartamine, AlitameR, and SucraloseR, linked with
considerable increases in sucrose production and yield from cane and beet roots, are some of the
causes of the low international price of sucrose.

In such conditions, there is an urgent need for research in order to find alternative technological
applications for sucrose. Moreover, the substitution of sucrose in low calorie foods for synthetic
sweeteners requires what has been called "bulking agents”, i.e. ingredients with the same texturing
properties as sucrose and with low digestibility.

One of the very few examples of enzymatic valorisation of sucrose yielding a high added-value
derivative is the synthesis of dextran. Dextran is a D-glucose polymer (glucan) which has found
industrial applications in various fields: medical, pharmaceutical and fine chemistry. It is produced by
glucosyltransferases of microbial origin (Leuconostoc sp.).

Among the enzymes known as glycosyltransferases, dextransucrases are of singular importance. Such
microbial enzymes are able to produce glucans, called dextrans, from sucrose. These polymers have
wide physical and chemical characteristics, as a function of the dextransucrase source and specificity.

In the fifties, a research group of the US Department of Agriculture did important work on bacterial
strains producing various types of dextran (Leuconostoc sp. and Streptococcus sp.).

After this pioneering work, research concentrated mainly on dextrans produced by one strain of L.
mesenteroides (strain NRRL B-512f) as well as by some strains of Streptococcus sp. The reason is that
the former has found an important industrial market (plasma substitutes, chromatography support
(Sephadch), photographic additives, etc), whereas the latter have been found to play an important
role in tooth decay.
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The structural characteristics of various dextrans were also studied in the sixties by using 13C NMR
techniques in particular. This work confirmed that dextrans vary largely in terms of types of glucosidic
linkages and degree of branching. The functional propertics of dextrans clearly depend on their

structure.

It is important to point out that until now no systematic study related Lo the production and properties
of dextrans has been performed in order to develop new applications.

The previous work of dextran classification carried out in the fifties and sixties represents a great
potential for further research in order to find new properties and applications of such dextrans.

Objectives

The general objective of this
project is to develop, through
screening and characterisation
of glycosyltransferase
activities, a  general  tool
allowing  the controlled
transfer  of  carbohydrate
moicties onto a varicty of
acceptors. This will result in
the synthesis of
oligosaccharides of desired
molecular weight, type of
linkages, number and position
of branching, useful for the
food and feed, fine chemistry
and pharmaceutical industries;
and glycosylated molecules of
improved physico-chemical
propertics or presenting useful
characteristics as inter-
mediates in organic synthesis.

This type of product will open
new alternatives to sucrose
valorisation.

Figure 1: Oligosaccharide purification using semi-
preparative HPLC.
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Materials and methods

Strains These have been selected from the Northern Regional Research Center Collection in Peoria,
Illinois, among the 90 strains, initially described in the fifties, then incorporated in UNAM’s and
BioEurope’s collections, preserved and reproduced using usual methods in microbiology.

Overall strategy The strains have been characterised according to the following strategy:

Reception, reproduction and conservation of the strain

First evaluation of the strain

Enzyme production in the standard conditions
Optimisation of the fermentation process

Definition of a production and purification method
Characterisation of the enzyme catalytic properties

Enzymatic Reaction
Characterisation of products

Technical and economic evaluation

Results

The classical techniques involved in dextransucrase production have been initially applied for a first
evaluation of the strain: culture medium and culture conditions, enzyme activity, acceptor reactions,
enzyme purification, etc. The reaction products obtained in the presence of acceptors have been
analysed and compared with those already obtained with other strains, as well as the polysaccharides.

This first evaluation has based the selection of a few strains on the glucosyltransferase productivity and
the structural characteristics of the products.

With these few strains, the optimisation of the fermentation process has been carried out, based on the
usual parameters of the lactic fermentation medium composition and additives, temperatures and pH,
aeration, fermentation process. With these strains, a purification procedure of the enzyme has been
performed, using phase partition techniques.

Samples of purified glucosyltransferases have thus been produced and then operated under different
reaction conditions: the production of polymers; and the production of oligosaccharides in the presence
of acceptors such as maltose and oligodextrans.

High molecular weight glucans were characterised using precipitation, chromatographic, and enzymatic
techniques. In particular, their resistance to specific hydrolases, such as dextranase and glucoamylase,
has been studied. Oligosaccharides were characterised using chromatographic methods (HPLC) such
as reverse phase chromatography and ion exchange chromatography.
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Up to now, 14 L. mesenteroides strains have been studied. Four strains have a potential industrial
interest.  Strain NRRL B-523 is characterised by a strong production of insoluble glucans, whose
properties are under investigation. Strains NRRL B-1299, B-742 and B-1298 exhibit the production of
oligosaccharides differing from B-512F oligosaccharides by the nature of glucosidic linkages.

In particular, new oligosaccharides containing o (1-2) glucosidic linkages are developed at pilot scale
(1 tonne/month) for food and feed applications. A worldwide patent has been filed by BioEurope,
covering these original oligosaccharides.

Figure 2: Pilot-scale purification of glucosyltransferase enzyme in BioEurope laboratories

Conclusions

The project has now reached half way. This collaborative work involves the UNAM laboratory doing
research in order to find new strains of Lecuconostoc sp. capable of producing efficient
glucosyltransferases and interesting oligosaccharides. Meanwhile BioEurope is in charge of the
evaluation of the potential interest of such enzymes and sugar derivatives in the field of feed additives,
dietetic food and pharmaceuticals.

As a first and very promising result of this collaboration between our two laboratories, BioEurope is
developing at pilot scale a new oligosaccharide which has recently been patented worldwide as a feed
additive having a beneficial effect on intestinal microflora (preprobiotic). Human applications are also
under study.

This result encourages us to find other sugar derivatives and applications during the last two years of
this project.
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Patent

Procédé pour préparation enzymatique d’oligodextranes utiles dans la fabrication de substituts de
sucres et nouveaux oligodextranes (Enzymatic preparation method for oligodextrans useful for the
production of sugar substitutes and new oligodextrans).

- French Patent application no. 8801041, filed 29-01-88.

- European Patent application no. 88403084.2, filed 05-12-88 (Germany, Austria, Belgium,
Spain, France, Greece, Italy, Switzerland, Luxembourg, Netherlands, United Kingdom,
Sweden).

- US Patent application no. 07/548.938, filed 27-07-90.
- Danish Patent application no. 1794/90, filed 06-12-88.
- Canadian Patent application no. 587/844, filed 10-01-89.
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Background and objectives

Bacteria belonging to genus Rhizobium elicit the formation of symbiotic nodules on the roots of
leguminosae. In these nodules a differentiated form of Rhizobium, called bacteroids, catalyse the
conversion of atmospheric nitrogen into ammonia, which is then used by the plant for the biosynthesis
of proteins. The establishment of symbiosis is regulated: in fact when nitrogen fertiliser is present in
the soil no nodules are formed.

The study of nitrogen metabolism and its regulation in Rhizobium spp. is crucial to understand the
establishment of the symbiosis, its regulation and its efficiency. The aim of this project is to study the
genes coding for the glutamine synthetase isozymes in R. leguminosarum bv. viciae and bv. phaseoli
(hereafter called R. I viciae and R. I phaseoli, respectively). We also study their gene products, the
regulation of their expression and the study of some regulatory genes. These studies will contribute to
a better understanding of the mechanism of ammonia assimilation in Rhizobium spp.

Two forms of glutamine synthetase, GSI and GSII, have been demonstrated in all species tested of the
family Rhizobiaceae. GSI is similar to the single GS of enteric bacteria and GSII is heat labile and
shares extensive homology to a GS of Phaseolus vulgaris roots. We have recently described a third
gene from R. leguminosarum expressing in Klebsiella pneumoniae a GS different from GSI and GSII
(Espin et al, 1990).

We have cloned the gene coding for GSI, glnA, both from R. I vicige and from R. I phaseoli.
Upstream of glnA we find the presence of a regulatory gene which we have named glnB. We have also
described a regulatory mutant which is completely devoid of GSII activity.

The two group leaders have been collaborating for a long time, see page 65. The Italian group is better
organised for studies of molecular biology, while the Mexican group is better organised for studies on
plants, Thus, the interaction is proving very fruitful because of the complementary abilities of the two
groups. Moreover, exchange of material, bacterial strains and information is very useful. It should be
pointed out that R. /. viciae interacts with a crop which is important in Europe, Pisum sativum, while R.
l. phaseoli interacts with Phaseolus vulgaris, which is important in Mexico. Thus, any application
resulting from this basic research project would be beneficial to both regions.
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Materials and methods

R. I viciae and R. L phaseoli wild-type strains, as well as several mutants, are being used or will be
isolated. Enteric bacteria like Escherichia coli and K. pneumoniae are used either as a tool for genetic
engineering experiments or as hosts for expression of R.leguminosarum genes.

Methods used include: gene isolation, DNA sequencing, construction of mutants, determination of sites
for transcription initiation and termination, RNA concentration in different growth conditions, protein

purification, amino-terminal sequencing, determination of post-translational modification of the
proteins, production of antisera and their use in immunoblots and ELISA assays, and structural
analysis of nodules by different microscopic methods.

Results and discussion

We have shown that glnB
and glnA genes of R. /.
viciae are preceded by
promoters located
upstream of each gene.
We find the presence of a
glnB-glnA and a glnA
mRNA, whose intracellular
concentration changes 2- to
3-fold when R. L vicige is
grown on different
nitrogen sources. Primer
extension analysis shows
unique transcriptional
initiation sites upstream of
glnB and glnA. The ginB
promoter is rpoN(ntrA)-
dependent, while the glnA
promoter does not contain
a typical consensus
sequence for previously-
described promoters. In K.
pneumoniae  the  glnB
promoter requires active
ntrC and ntrA genes and a
DNA fragment containing
53 nucleotides upstream of
the transcription initiation
site shows full promoter
activity, thus indicating that
no NtrC binding sites on
the DNA are necessary for
activation in the glnB
upstream region.

Figure 1: A symbiotic nodule in formation

A root of phaseolus vulgaris was treated with Rhizobium leguminosarum. After ten
days the root was treated according to a protocol of G. Truchet and stained with
methylene blue. This dye reacts with areas of active proliferation.
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Using gIbT DNA of Rhizobium meliloti as a hybridization probe we identified a R. L phaseoli locus
(gInT) expressing a glutamine synthetase activity in K. pneumoniae. A 2.2 kb DNA fragment of R. /.
Phaseoli was cloned to give plasmid pMW5a, which shows interspecific complementation of a K.
pneumoniae glnA mutant. The cloned sequence did not show cross-hybridation to glnA or glnll, the
genes coding for two glutamine synthetase isozymes of Rhizobium spp. While in previous reports on
gInT of R. meliloti and Agrobacterium tumefaciens no glutamine synthetase activity was detected, we do
find activity coded by the gInT locus of R I phaseoli. The glutamine synthetase (GSIII) activity
expressed in a K pneumoniae glnA strain from pMWSa shows a ratio of biosynthetic to transferase
activity 103-fold higher than that observed for GSI or GSII. GSIII is similar in molecular weight and
heat stability to GSI.

A Tn5 insertion mutant, strain CFN2012, of R. I phaseoli devoid of glutamine synthetase II (GSII)
activity was analysed. It was shown to contain the Tn5 insertion within a 11 kb BamHI fragment. The
corresponding DNA fragment from the wild-type strain was isolated (pSM261) and shown to
complement, when introduced into strain CNF2012, the absence of GSII activity. DNA sequencing of
the region containing the Tn5 insertion revealed the presence of the ntrB and ntrC regulatory genes
with no intercistronic region and that strain CFN2012 carries a ntrC::Tn5 mutation. Further analysis of
strain CFN2012 indicated that this mutant has reduced levels of the PII regulatory protein and of GSI
adenylylation. In contrast to ntrC mutants of other Rhizobiaceae, strain CFN2012 grows on mnitrate as
the sole nitrogen source.

Work is in progress on: (1) the analysis of the phenotype of a gln A mutant; (2) the characterisation of
pure GSII and the changes induced on enzyme activity by ammonia; (3) the characterisation of glnII,
the structural gene for GSII; (4) the sequence of the gInT gene and purification and characterisation of
GSIII; (5) the analysis of the ntrBC promoter; (6) the preparation and characterisation by electron
microscopy of antisera against GSI, GSII, GSIII and against the product of three regulatory genes; (7)
the regulation of expression of the PII protein, the product of the glnB gene, and its post-translational
modification; (8) the regulation of the gInB promoter in R. leguminosarum.
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