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Introduction

This publication contains information on the majority of training grants relevant to the agro-
industrial sector and funded under the FAIR programme. This programime of research and
technological development in the field of Agriculture and Fisheries including Agro-Industry,
Food Technologies, Forestry, Aquaculture and Rural Development was adopted on 26 April
1994 as part of the Community's Fourth Framework Programme. It concerned all of
agriculture, horticulture, forestry, fishery, aquaculture, and related food and non-food
industries and was jointly managed by three Commission services, DG VI-FI1-3: Agricultural
Research, DG XII-E-2: Agro-Industrial Research, and DG X1 V-C-2: Fisheries Research. The
FAIR programme represented a natural evolution of the previous CAMAR, BIOMASS,
ECLAIR, FLAIR, FOREST and FAR programmes adopted under the Second Framework
Programme and of AIR adopted under the Third Framework Programme.

This directory focuses on the grants funded under the first three areas of the FAIR programme
i.e. agro-industrial research. They are divided first by scientific and technical area and then by
contract number. They are managed by the Health, Food and Environment Unit (formerly the
Agro-Industrial Research Unit of the Directorate General for Research (DG XII-E-2)).

The ultimate objective of the FAIR programme was to contribute to securing a better match
between production of land- and water-based biological resources and their use by consumers
and industry through pre-competitive research, technological development and demonstration.

The FAIR programme was organised into five distinct scientific and technical areas:

Area |. Integrated production and processing chains. This area addressed the use of raw
plant materials, such as timber, fibres, carbohydrates, oils, proteins and speciality chemicals
contained in new and traditional crops and trees. The extraction and processing of higher
value-added materials from animal and crop agro-industrial wastes were also concerned. This
area was broken into the following three sub-areas:

Sub-area 1.1 The biomass and bioenergy chain
Sub-area 1.2 The “green” chemical and polymer chain
Sub-area 1.3 The forestry-wood chain

Area 2. Scaling-up and processing methodologies. This area was closely aligned to the
development of the non-food industry and had links with the bioenergy, chemicals and forest
production chains of Area 1. Scale-up is intrinsically a process for designing and operating a
larger scale system on the basis of the results of experiments with small scale or laboratory
models thus permitting a better evaluation of both the technical feasibility and costs. There
were three main sub-areas where scale-up problems were addressed:

Sub-area 2.1 Chemical and physical processes
Sub-area 2.2 Bioprocessing
Sub-area 2.3 Control systems

Area 3. Generic science and advanced technologies for nutritious foods. Research in this
sector had the major objective to improve the competitive position of the food industry, which
is composed of leading multinationals and a wide range of specialist food SMEs throughout
Europe. The following were the main areas in which Food Science was addressed:
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Sub-area 3.1. Consumer nutrition and well-being

Sub-area 3.2 New and optimised food materials and nutritious food
products

Sub-area 3.3 Advanced and optimised technologies and processes

Sub-area 3.4 Generic food science

Area 4. Agriculture, forestry and rural development. This area had six objectives. It aimed
to adjust agricultural production methods and systems to the new conditions arising from the
reform of the Common Agricultural Policy (CAP); to encourage the development of quality
products; to increase efforts to diversify agricultural products and activities; to improve plant
and animal health and animal well-being; to support protection, development and exploitation
of European forests and the Union' commitment to sustained multifunctional management of
forests; to accompany the considerably increased effort in favour of rural development.

Area 5. Fisheries and aquaculture. The overall objective was to provide a sound scientific
basis for the balanced, sustainable exploitation of the fisheries resources of the Community
and the further controlled development of aquaculture. This was to be achieved by a better
knowledge and understanding of the aquatic ecosystem, including the interactions between
fishing activities, aquaculture and the environment. Socio-economic considerations were
recognised as an integral part of the programme, together with the associated requirement to
develop appropriate methodologies for evaluating fisheries and aquaculture policies.

For research centres and researchers, a continuous exchange of know-how and expertise is
very important. However, the current lack of mobility across national boundaries is widely
recognised as one of the factors hampering the full development of new technologies based in
agro-industry. Greater mobility would undoubtedly benefit European companies too, which
are always seeking highly skilled personnel. Given that the harmonisation of study curricula
and qualifications in Europe can only be achieved in the long run, the effective exchange of
young researchers is seen to be vital to the acquisition and/or exchange of competencies
across national boundaries.

In this respect, approximately 5% of the resources allocated to the FAIR programme were
earmarked for the training and mobility of scientists. Twice a year, candidates were selected
with a programme of work falling within the scientific arca defined by this programme. By
means of training and mobility of researchers the FAIR programme aimed to promote the
exchange of scientific and technological know-how between the participating countries and
economic and institutional sectors involved in the Programme. Support for training relevant to
Community policies and directed at providing the technical skills and for ensuring technology
transfer and cohesion among public institutions. industry and primary producers was
particularly encouraged. :

The training activities could not be completed in the applicant's country of citizenship or in

the country in which he or she normally resides. Nevertheless, the choice of the host
laboratory was left to the applicant and based on scientific excellence criteria.
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This programme offered research grants at post graduate (category 20) and post doctoral
(category 30) level with an emphasis on post doctoral researchers. It also offered grants to
experienced researchers requiring specific training in a field other than their own. or
wishing to carry out specific experiments using scientific facilities or techniques unavailable
in their own country or wishing to join a research team in a less-favoured region (category
40). In order to strengthen cohesion and in synergy with the Training and Mobility of
Researchers Programme, special grants were available to enable researchers to return to a
less-favoured region (category R) after a post doctoral grant from the Programme.

The duration of a grant varied from 6 to 24 months for categories 20 and 30 (exceptionally, up
to 36 months for category 20) and from 3 w 12 months for category 40 and for up w 12
months for category R.

Research grants are continuing under the Fifth Framework Programme (FP5) for Community
activities in research, technological development and demonstration (1998 - 2002) and offered
by a number of specific research programmes with different scientific aims such as the
Quality of Life programme.

Further information on these activities and necessary application forms and deadlines for
submission are all available from: http://www.cordis.lu/improving/

These presentations offer useful and direct examples of how the training grants influenced the
beneficiaries' scientific careers. Moreover, they constitute a detailed visiting card for each
individual, opening up the possibility of new protessional contacts and opportunities. To this
end, the directory will be widely circulated in both academic and industrial circles throughout
the European Union.

While every effort to ensure that the information contained in this directory is correct. the
contact details of some of the supervisors may have changed since going to press. The
supervisors contained in this directory correspond to the supervisors named at the time of
signing the training grants contract. Moreover, for some grants, the results are only an
indication of progress to date. given it was the only information available at the time of
compilation.
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Statistics on trainees under the FAIR programme

Almost 900 proposals for training grants were submitted to the five areas of the FAIR
programme and 315 awarded in total out of which 161 were awarded in the agro-industrial
sector.One hundred and fifty fellowships are described in this catalogue and awarded to 144
trainees under the agro-industrial areas of the FAIR programme. Six trainees received follow-
on grants to continue their research.

What follows below is some summary statistics about the training grants awarded, broken
down by gender, age, nationality, host institution and area of specialism.

Distribution by gender

Male
39%

Female
61%

Distribution by age (at start of training)

40+ under 25

35-39 4% 3%

Nearly two-thirds of the trainees were female. The youngest group of trainees, the under 25s,
were very much in a minority (3%). The majority were either 25-29 (41%) or between 30-34
(42%). A small proportion of grant holders were over 40 (4%).
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Distribution by category

Nearly one half of all grant holders were awarded either a category 20 (post-graduate) (49%)
training grant or category 30 (post-doctoral) (44%). The rest were divided between those
given a category 40 (experienced researcher) grant (3%) or a return grant (4%).

20
49%

Distribution by duration

Only 7% of grant holders held a grant for between 1-6 months. Over a quarter (29%) were
awarded a grant for between 7-12 months with another 5% holding a grant for 13-18 months.
By far, the greatest proportion of trainees had a grant for 24 months (36%). The remainder
either were awarded a grant for 30 months (1%) or 36 months (22%).

1-6 months
36 months 7%
22% SN

30 months

7-12 months
1%

29%
24 months 13-18 months

36% 5%
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Distribution by nationality of grant holders

ES FR M DE GR IE PT BE SE DK NL FA UK AT NO

Two Member States, Spain and France, provided the greatest number of trainees with 49 and
26 respectively. The next highest countries where (in decreasing order) Italy, Germany and
Greece who had less than half of those from Spain. The remaining countries where spread
fairly evenly from 5 to 2 grant holders.
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Location of Host Laboratories

6 6
6 5

; —! L | " || ";_M...I
WK N FR ES DE BE E SE DK T Fl GR AT PT
The United Kingdom proved to be, by far, the most popular Member State with nearly 32% of
all grant holders undertaking their research in UK laboratories. The second most popular
country was The Netherlands where almost a fifth chose to conduct their research. France,
Germany and Spain had roughly 10% of trainees with Finland. Greece, Austria and Portugal
all having a relatively low number of trainees attending host laboratories.
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Distribution of grants by scientific sector

1.1 1.3 Forestry-wood 3.1 Consumer 3.3
Biomass/bioenergy chain nutrition and well- Advanced/optimised
chain being technologies

The most popular area was area 3, Generic science and advanced technologies for nutritious
foods, with 117 grant holders in total. Area . Integrated production and processing chains,
and area 2, Scaling-up and processing methodologies had 28 and 5 grant holders in total
respectively. Of the different sub-areas generic food science (3.4), was the most favoured.
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Individual presentations of FAIR trainees
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1.1 The biomass and bioenergy chain

CHANLIAUD, Elisabeth

01/05/1 967. French Fellowship data

Host Institution Category: 30

Unilever UK Central Resources Ltd Starting date: 17/06/96

Plant Science Unit Duration: 24 months
Colworth House Contract number: FAIR-CTY96-5006
Sharnbrook -

Bedford MK44 1LQ
United Kingdom

Tel: +44 1234 222566
Fax: +44 1234 222401

Scientific supervisor
GIDLEY, Mike

Construction of plant cell wall analogues based on Acetobacter cellulose
polymer interactions and mechanical properties

Objectives:

In order to get a better understanding of the links between pectin structure, cell wall
architecture and mechanical properties, the approach of re-constructing in vitro composite
networks from isolated cell wall polymers has been used.

Summary of achievements:

The composites were based on cellulose synthesised by the bacterium Acetobacter xylinus.
Cell wall deposition phenomena were mimicked by making pectins available at the point of
cellulose synthesis, and the fermentation yield was sufficient to produce enough material to
carry out analytical and mechanical tests. The role of ionic and covalent cross-links were
studied. In contrast with glucan-binding polymers. pectic substances did not demonstrate a
driving force for molecular association with cellulose. A pre-formed pectic network was
required for the formation of a composite of the two polymers. The best incorporation was
obtained with pectin of intermediate gel strength in the presence of calcium. or a very low
number of covalent cross-links.

Though no covalent bonds were present between the two kind of polymers, extensive
microstructural interactions were observed. Solid state NMR indicated a large proportion of
pectins immobilised by the cellulose network. On the other hand. the presence of pectins
modified greatly the cellulose fibril interactions, leading to a drastic increase of the composite
uni-axial extensibility. This effect was not directly clue to pectin presence in composites, but
was due to pectin effect on cellulose network formation. This suggests that the composition of
the matrix in which cellulose is deposited during cell wall synthesis could have a previously
unsuspected importance in determining the architecture and subsequently the mechanical
properties of the cell wall.
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1.1 The biomass and bioenergy chain

A biaxial extension testing device has been constructed to mimic the effect of turgor pressure
on a cell wall. The preliminary results obtained on Acetobacter cellulose composites with this
device indicated that whilst cellulose remains the main load bearing component the soluble
polysaccharides (pectins, xyloglucans) play a very different mechanical role than under uni-
axial extension. This demonstrates that cell wall analogues respond in characteristic ways to
different applied stresses. and has lead to the development of models linking molecular
interactions through microstructural organisation to mechanical properties.

Keywords:
Pectin, Acetobacter, cell wall, cellulose, polymer, xyloglucan

Main Publications/Patents/Participation in conferences:

E. Chanliaud. J.E Brigham, A.H. Darke and M.J Gidley (1997) Plant cell wall analogues:
composites of Acetobacter xylinum cellulose and pectic substances. In Plant Biomechanics
1997 (Eds.: G. Jeronimidis and J.F.V Vincent), ISBN 0704912414, Ashford Colour Press,
Gosport.

E. Chanliaud. K.M Burrows, G. Jeronimidis and M.J. Gigley (1998) Mechanical properties of
primary cell wall analogues submitted to uni-axial and biaxial tensile deformations. Poster
presented at the 8t" International Cell Wall meeting, Norwich (UK), 1-5 September 1998.
Plant Biomechanics, University of Reading, UK, 7-12 September 1997

Ferulate 98. [FR, Norwich, UK 8-11 July 1998.

8" International Cell Wall Meeting, John Innes Centre, Norwich, UK, 1-5 September 1998.
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1.1 The biomass and bioenergy chain

VENTURI, Piero

16/02/1964, Italian

Host Institution Fellowship data
Landbouw.universitei.l Wageningen Category: 30

Agrotechniek en-Fysica & .

6703 HD Wageningen Contract signed: ~ 31/01/1996

The Netherlands Duration: 24 months

Tel: +31 8370 82169 Contract number: FAIR-CT96-5011

Fax: +31 8370 84819

Scientific supervisor
HUISMAN, Willem

Modelling the logistics of harvest of Miscanthus giganteus

Objectives:

The largest costs relating to Miscanthus production concerns farm machinery, conservation
systems and transport and are dependent on such criteria as crop and soil characteristics, and
local weather. For accurate cost calculations or optimizations the various costs factors as they
depend on workability are needed. Since no data on long-term experience is available, many
of these parameters have to be calculated by models. A general method for energy and cost
calculation has been developed as a simulation model.

The objective of the research was to select chains for harvest and storage of Miscanthus as a
biomass crop for energy.

Summary of achievements:

This research can be split up in two main periods: initially data was collected through
laboratory and field tests and literature research. Later an optimisation model was built. The
first part of the research paid particular attention to the behaviour of machines in the field
with the target to select the most interesting chains and to calculate their costs. Furthermore
some tests on crop behaviour were carried out. mainly with respect to shoot regrowth and
moisture content trend during the harvest season.

Literature investigations focused mainly on the research of energy data sources.

The second part of the research project concerned the design of the model. This model. called
APROCHOPS, Agricultural PROduction CHain Optimization Simulation model. is developed
and applied first for Miscantiues but can also be modified for other crops. It can be applied to
different regions so the constraints due to workability, and its effects on cost and energy input
variations can be showed as well as a method for the optimization of costs of harvest, storage
and transport for various applications. In future the model can be modified and applied also to
other crops (hemp, sorghum, etc.) and will become an important tool for long term planning.
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1.1 The biomass and bioenergy chain

It includes various submodels about drying in the field and in storage, soil conditions and
effect of soil damage. regrowth of shoots, loss of leaves or stem tops in the course of the
spring, decrease of yield of the next year crop due to the removal of shoots, workability and
costs. The model was programmed in Delphi. At present the model is working but in some
specific situations the outputs do not match real data. For this reason further studies must be
carried out.

Keywords:
Model, simulation, harvest, Miscanthus giganteus, weather, cost, forecast

Main Publications/Patents/Participation in conferences:

P. Venturi, W.. Huisman, J. Molenaar (1996). Cost calculations of production chains of
Miscanthus giganteus, Internal Report A559 -94211, Dept. of Agricultural Engineering and
Physics, Wageningen Agricultural University, The Netherlands

W. Huisman, P. Venturi. J. Molenaar (1996) Volledig loonwerk geeft bij Miscanthus een
lagere grondstofprijs (Contractors work in Miscanthus production given a lower price of raw
material), Landboumechanisatie, 9, 18 sept 1996

W. Huisman, P. Venturi, J. Molenaar (1997) Costs of supply chains of Miscanthus giganteus.
Industrial Crops and Products, vol. 6, nos. 3.4, pp 353-367.

P. Venturi, W. Huisman, J. Molenaar (1998) Mechanization and costs of primary production
chains for Miscanthus x giganteus in The Netherlands, Accepted for of Agricultural
Engineering Research of March 1998

W. Huisman, P. Venturi, J. Molenaar (1996) Costs of production chains of Miscanthus
giganteus. presented at “Industrial Crops and Products Congress”, Reims, France, 22-24 April
P. Venturi, W. Huisman and J. Molenaar, (1996) Mechanisation of Miscanthus x giganteus in
Northern Europe. Paper 96D-005, “CIGR/Ag Eng congress”, Madrid 23-26 September
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1.1 The biomass and bicenergy chain

FAIVRE-RAMPANT, Odile

27/04/1972, French

Host Institution Fellowship data

Université de Liege Category: 20

Departement de Botanique- Faculte des Sciences Starting date: 01/10/1996
Laboratiore d”Hormonologie Duration: 36 months

Sart Tilman B22 ot ‘ )
4000 Liege - Contract number: FAIR-CT96-5034

Belgium
Tel: +32 41 663 859
Fax: +32 41 663 859

Scientific supervisor
GASPAR, Thomas

Fundamental and technological aspects of rooting in micropropagation:
relationship with quality ex vitro

Objectives:

This project studied auxin receptors. It aimed to investigate shoot growth limitation and
rooting recalcitrance in the rac tobacco mutant by hyperauxiny causing a saturation of the
auxin-binding sites.

Summary of achievements:

Previous preliminary hormonal characterisation was performed on the rac mutant tobacco to
better understand its recalcitrance to rooting in comparison with its wild-type homologue.
This included ethylene production and accumulation, peroxidase and IAA-oxidase activities,
auxin protection, polyamine metabolism.

This hormonal characterisation was completed first by a study of the endogenous auxin
contents of the whole shoots and the basal parts of the stems of the two genotypes of tobacco
during the growth cycle. More free and conjugated auxins were measured in the rac shoots. A
maximum of free auxins occurred in both types of shoots: it was visible at day 14 in whole
shoots and earlier (day 7) in the basal parts of the wild-type stems. A similar picture was
found with the results ot the conjugated auxins.

The cytokinin levels were determined at the end of the growth cycle in the whole shoots of the
wild-type and the rac mutant. At this stage. the auxins to cytokinins ratio was the same for the
two types of tobacco.

In order to check the "auxin-resistance” of the rac mutant, the wild-type and the mutant

shoots have been treated by increasing concentrations of IBA and NAA included in the
culture media for three subcultures. The wild-type shoots responded to both auxins showing

6 FAIR: Marie Curie Research Training Grants (1994-1998)



1.1 The biomass and bioenergy chain

increased growth rates at concentrations below 10 pM and growth inhibition at higher
concentrations. As expected, the rac shoot reactions were very low or inexistent.

Further characterisation of the phenolic pattern in the shoots of the two types of tobacco was
conducted by studying the phenylammonia-lyase (PAL) activity on the one hand and the
soluble phenolic contents on the other during the course of their multiplication cycle. The rac
shoots contained more phenolic compounds, due to a higher PAL activity, with a maximum at
day 14 in both tobacco. These phenolics were then determined by HPLC: chlorogenic acid
was the major phenolic found in both shoots and is known for its auxin protector role. The rac
shoots contained also more rutine (a flavonoid) which has been shown to be associated with
the absence of root formation. Two another phenolics (which had the spectrum of
hydroxycinnamic esters) have been found in higher amounts in the rac mutant.

In order to check the assumption of the association of the peroxidase minima and putrescine
maxima with rooting induction in both tobaccos shoots, and because the wild-type tobacco
roots automatically (without auxinic treatment) in the multiplication medium used, the latter
medium was modified in such a way that even the wild-type shoots did not root, except after
auxin treatment. In the non-rooting (without auxin) conditions, the peroxidase activity hardly
changed in both tobaccos. The auxin treatment induced a peroxidase decrease with a
minimum occurring after three or four hours in the wild-type and the rac shoots respectively.

Keywords:
Rooting, micropropagation, quality, ex vitro, auxin, receptor, shoot, growth, tobacco

Main Publications/Patents/Participation in conferences:

0. Faivre-Rampant, C. Kevers, and T. Gaspar (2000) “IAA-oxidase activity and auxin
protectors in non-rooting, rac, mutant shoots of tabacco in vitro™. Plant Science. in press.

O. Faivre-Rampant, C. Kevers, J. Dommes and T. Gaspar (2000) “Modified hormonal
balance in rooting-recalcitrant rac mutant tobacco shoots™. Plant Biosystems. Accepted

O. Faivre-Rampant, C. Kevers. and T. Gaspar (1999). “Endogenous auxin and cytokinin
levels in shoots of a non-rooting tobacco mutant™. Biol. Plant. (Suppl.) S 47.

0. Faivre-Rampant, C. Kevers and T. Gaspar (1998) “Hormonal characterisation of a
nonrooting mutant of tobacco™ Fourth Meeting of Working Group 5 of Cost 822, Melle,
Belgium, 9-13 December 1998.

O. Faivre-Rampant, C. Kevers and T. Gaspar (1999) “Endogenous auxin and cytokinin levels
in shoots of a nonrooting tobacco mutant”. International Symposium on Auxins and
Cytokinins in Plant Development, Prague. Czech Republic. 26-30 July 1999. Poster no. S
4.13.

0. Faivre-Rampant, C. Kevers J.P. Charpentier, C. Jay-Allemand, H. Van Onckelen, T.
Gaspar (1999) “Auxin, auxin protector and phenolic levels and 1A A-oxidase activity in shoots
of a nonvoting, rac, mutant in vitro™ Fifth Meeting of a Working Group 5 of Cost 822,
Ancona, Italy, 29 September- 3 October 1999.

FAIR: Marie Curie Research Training Grants (1994-1998) 7



1.1 The biomass and bioenergy chain

PASTORI, Gabriela
Italian/Argentinean
Host Institution : Fellowship data
Institute of Grassland & Environmental Research
D . . . Category: 30
epartment of Environmental Biology ;
Plas Gogerddan Starting date: 01/11/1996
Aberystwyth N Duration: 21 months
Ceredigion SY23 3EB Contract number: FAIR-CT96-5055

United Kingdom
Tel: +44 1970 828255
Fax: +44 1970 828357

Scientific supervisor
FOYER, Christine

The effects of differential compartmentation of the antioxidant defence system
on the sensitivity of the bundle sheath and mesophyll cells of maize to low
temperature.

Objectives:

The aim of this work is to analyse the distribution of glutathione reductase (GR) between
bundle sheath and mesophyll cells of maize leaves from plants grown at optimal and sub-
optimal temperatures.

Summary of achievements:

Glutathione reductase was assayed in bundle sheath (BS) and mesophyll (M) cells of maize
from plants grown at 20°C, 18°C and 15°C. The purity of each fraction was determined by
measuring the compartment-specific marker enzymes, ribulose-1, 5-bisphosphate
carboxylase/oxygenase and phosphoenolpyruvate carboxylase, respectively.

GR activity and the abundance of GR protein and mRNA increased in plants growing at 15°C
and 18°C compared to those grown at 20°C. In all cases GR activity was found only in the
mesophyli fractions of the leaves with no GR activity detectable in the bundle sheath extracts.
Immunogold labelling with antibodies specific to GR showed that GR protein was exclusively
localised in the mesophyll cells of leaves at all growth temperatures. whereas GR transcripts
determined by in situ hybridisation techniques were observed in both cell types at equal
abundance.

These results indicate that post-transcriptional regulation prevents GR accumulation in the BS
cells of maize leaves. The limitation on the capacity for regeneration of GSH in this
compartment that this engenders may contribute to the extreme chilling sensitivity of maize
leaves.

8 FAIR: Marie Curie Research Training Grants (1994-1998)



1.1 The biomass and bioenergy chain

Keywords:
differential compartmentation, bundle sheath, mesophyll, cells, maize, temperature,
glutathione reductase

Main Publications/Patents/Participation in conferences:

C. H. Foyer, A. H. Kingston-Smith, C. Pastori, J. Harbinson - Proceedings of the XI Int.
Congress on Photosynthesis, Budapest, (1999) (in press — Kluwer Academic Publishers).

C. Pastori, P. Mullinedux, C. H. Foyer (1999) The Plant Journal (submitted).

C. Pastori, C. H. Foyer, P. Mullinedux (1999) The Plant Physiology (submitted).

3" International Conference on Oxygen Free Radicals & Environmental Stress in Plants, Pisa,
Italy.

The Society for Experimental Biology Congress, York, UK.

XI International Conference on Photosynthesis, Budapest, Hungary.

4™ International Conference on Oxygen Free Radicals & Environmental Stress in Plants,
Granada, Spain.
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1.1 The biomass and bivenergy chain

AMADUCCI, Stefano

Italian

Host Institution Fellowship data
Dienst Landbouwkundig Onderzoek - ATO-DLO

Instituut voor Agrotechnologisch Onderzoek C"“efc'(’ryi 30 ,

Laboratory of Theoretical Production Ecology Starting date: 01/12/1998
Bornsesteeg 47 - Duration: 24 months

P.O. Box 430 Contract number: FAIR-CT98-5063

6700 AK Wageningen
The Netherlands

Tel: +31 317 483043
Fax: +31 317 484892

Scientific supervisor
STRUIK, Paul

Multi-use industrial crops for quality raw material

Objectives:
The renewed world-wide interest in hemp as a source for a variation of industrial products
coincides with a breakdown of European subsidies for agricultural primary production. The
objective of this project was to provide a preliminary framework for fine-tuning hemp
production.

A model to predict and evaluate the effects of environmental factors, agrotechnic and
genotype on yield and quality of raw materials from biomass will be created. A holistic
approach will be chosen; evaluation of yield and quality parameters will be matched with an
overall and integrated assessment of the environmental impact of the production of biomass
crops. A further aim of the project is the implementation of the aforementioned meodel in a
Geographical Information System (GIS) to extrapolate the model on a regional base. GIS will
be used on a European regional level to map areas particularly suitable for biomass
production. Biomass productions will be characterised qualitatively - this will be useful to
create an informative base for normative purposes but also to find various applications for the
same biomass crop according to its peculiar quality and to specific market requirements.

Summary of achievements:

The first twelve months of research has centred on different aspects of hemp modelling and
hemp fibre quality. An extensive bibliographic search on the subject of natural fibres
(emphasis on hemp) has been undertaken. To increase the amount of data available on hemp
production and hemp fibre quality, a field experiment was set up where two different hemp
cultivars were compared over five plant densities, in order to assess the effect of density,
genotype and harvest time on yield and quality. During plant growth a series of samplings
was carried out in order to determine the dynamics of stem dry matter production and quality.

10 FAIR: Marie Curie Research Training Grants (1994-1998)



1.1 The biomass and bioenergy chain

Preliminary results of the experiment confirm that hemp production is not affected by plant
. . - 2

population when the crop density ranges from 30 to 270 plants per m”. Extended plant and

fibre analysis is currently being undertaken. The data collected during the field experiment

will be used to validate a hemp growth model.

Keywords:
hemp, fibre, density, genotype, harvest time. yield, quality

Main Publications/Patents/Participation in conferences:

S. Amaducci, M. T. Amaducci, R. Benati, G. Venturi, “Crop vield and quality parameters of
Sfour annual fibre crops (hemp, kenaf, maize and sorghum) in the north of Iltaly” -
Proceedings of 6™ symposium on Renewable Resources for the Chemical Industry together
with the 4™ European symposium on Industrial Crops and Products, 23-25" March 1999,
Bonn, Germany.

P. C. Struik, S. Amaducci. M. 1. Bullard, N. C. Stutterheim, G. Venturi, H. T. H. Cromack.
(1999) “Agronomy of fibre hemp (Cannabis sativa L.)” — Industrial Crops and Products, in
press.

N. C. Stutterheim, S. Amaducci, G. Gorchs Altarriba, H. Sankari, “Quantified framework for
Hemp (Cannabis sativa L) production throughout Europe as a tool to fine-tune crop
component quantity and quality” — Proceedings of 6" symposium on Renewable Resources
for the Chemical Industry together with the 4™ European symposium on Industrial Crops and
Products, 23-25" March 1999, Bonn, Germany.

P. C. Struik, S. Amaducci, M. 1. Bullard, N. C. Stutterheim. G. Venturi, H. T. H. Cromack,
“Agronomy of fibre hemp (Cannabis sativa L.)" — Proceedings of 6" sSymposium on
Renewable Resources for the Chemical Industry together with the 4" European symposium
on Industrial Crops and Products, 23-25™ March 1999, Bonn, Germany.

Natural Fibres Performance Forum (Conference: Plant fibre products, essential for the future),
27-28" May 1999, Copenhagen, Denmark.

Alternative Crops for Sustainable Agriculture, 13-15" June 1999, Turku, Finland.

33 Convegno annuale della Societa Italiana di Agronomia - Le colture “non alimentari”, 20-
23" September 1999, Padova, Italy.
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Scientific supervisor
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Role of pectinases in determining the quality of flax fibres

Objectives:

Most hemi(cellulose) degrading enzymes have a two-domain structure consisting of a
catalytic domain and a cellulose-binding domain (CBD). The domains form well-defined
units which are separated by a distinct linker region. When introduced in plants, bacterial
CBD genes have been shown to alter growth properties, plant architecture or synthetic
mechanisms within the plants. Transformed plants should acquire greater biomass, primarily
through the acceleration of the process of cellulose synthesis.

This proposal aims to identify the role of cell wall modifying enzymes, more specific
pectinases in determining the quality of cellulose flax fibres. This will be accomplished by
isolating endogenous flax genes encoding pectic enzymes which will be studied both in vitro
and in vivo.

The objectives are:

e To study the role of flax pectinases by in vitro production systems;
¢ To define the role of specific pectic isoenzymes (such as pectin methyl esterases) during
the development of flax plants.

During phase 1, in vitro studies will focus on the role of flax-specific pectinase enzymes by
isolating full length ¢cDNA sequences and protein production using a suitable eukaryotic
expression system. The produced enzymes will be analysed for functionality using a broad
range of commercially-available substrates. During phase 2. isolated DNA sequences and in
vitro produced pectinases will be using to characterise in sint during flax development. These

12 FAIR: Marie Curie Research Training Grants (1994-1998)
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studies will elucidate the role of specific isoforms during fibre development both at a
molecular and a biochemical level. ‘

Summary of achievements:

The expression of the CBD in E. coli using the pQE60 expression system (Qiagene) was not
successful. Even as a 6xhis tagged protein, the product (mw 3,58 Kda) could not be detected.
As short peptides (<5Kda) are sometimes unstable in E. coli, the CBD had to be expressed as
a fusion protein. The sequence coding for the CBD was amplified using new primers and the
product was then inserted in the pGEX-4T-1 plasmid (pharmacia) which allowed the
production of a GST (gluthation S transferase) fusion protein. This GST, exhibiting a
molecular weight of 25 Kda, can be easily expressed in E. coli. Cleavage of the protein of
interest from the fusion protein can be achieved using a specific protease site. The
recombinant plasmid has been introduced in E. coli M15 and the expression will be checked
by SDS-PAGE.

Once the expression conditions are optimised in E. coli, a large-scale production of the CBD
will be achieved. Purified peptides will first be purified by affinity chromatography, using the
CBD property to bind cellulose. The purified peptide will then be tested for its binding
capacities on different (hemi)cellulose substrates.

CBD genes will be inserted first in a plant model (Arabidopsis thaliana) to study the cell wall
modifications, and then in flax (Linum usitatissimum) to modity cellulosic fibres production.

Recombinant protein including a CBD and a pectinase (such as pectate lyase) will be
engineered, produced in E. coli and then tested in vitro to modify fibre surface.

Keywords:
cellulose, cellulose-binding domain, protein, fusion protein, peptide, pectinase, flax
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The improvement of industrial corn gluten for non-food applications

Objectives:

Maize is one of the major cereal crops in the world and one of its main uses is as animal feed.
However, maize is also processed, principally by wet milling. The main purpose of wet
milling is for starch production. Maize gluten and zeins are insolubles protein obtained from
starch production produced by wet milling. Maize gluten is mainly used as animal feed. It
does not possess any functional properties essential for food and non-food applications
(coatings, adhesives, surfactants, disposables, binders for paint and ink). Based on its
biochemical structure such as high hydrophobicity, low price and high abundance, maize
gluten is a potentially interesting source for these applications. This project focused on the
improvement of the functional properties by modification. Additionally it aimed to study the
effect of the industrial processing of the proteins in the maize gluten, especially the functional
properties.

Sumiunary of achievemnents:

There are two steps in the industrial process that can have an effect on the functionality of the
proteins: steeping and the drying of the end product. During steeping the maize kernels are
soaked in a dilute sulphuric acid solution for 49-53°C for 36-46 hrs. The effect of steeping
temperature, steeping time and amount of metabisulfite was studied. The protein loss
increased with steeping time - up to 18.5% of the total protein in the kernel was lost after 48
hrs. The steeping temperature and amount of metabisulfite did not have any significant effect.
Surprisingly a high loss of the zeins was found during steeping.

The biochemical properties of the maize gluten dried industrially and under milder conditions

(vacuum drying) were also studied. The project concluded that drying did not have an effect
on the gluten.

14 FAIR: Marie Curie Research Training Grants (1994-1998)
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Another part of the project was to improve the functionality of maize gluten. The first step in
this task was to make maize gluten more soluble by modification. Several types of
modification were screened as physical modification (using additives) and chemical
modification (deamidation, hydrolysis and use of glyoxylic acid). When the maize gluten was
physically modified in a mixture of guanidine and 1,4 dithioreitol it resulted in a nice waxy
film. Unfortunately this film did not have any mechanical strength. Chemical modification by
deamidation and reaction with glyoxylic acid did not improve the functionality. However,
hydrolysis gave promising results which was optimised according to pH and reaction time.
Maize gluten was hydrolysed at different pH from 1-14 for 1, 3, 6 and 12 hrs. The
functionality of the hydrolysed samples was characterised according to molecular weight
distribution and functional properties such as emulsifying, film and foam forming properties.
No effect on the maize gluten was observed at pHs lower than 12. When maize gluten was
hydrolysed at pH 12 for 12 hours, the functionality increased, resulting in film forming
properties (low strength) and good emulsifying properties. When the maize gluten was
hydrolysed at pH 14 for 1, 3, 6 and 12 hrs the samples had good emulsifying and also film
forming properties. The emulsifying properties were better than for casein which are
considered one of the best protein emulsifiers. Hydrolysing the samples at pH 14 for 12 hrs
also produced a foam with high expansion and reasonable good stability.

Keywords:
Corn, gluten, non-food applications, maize, wet milling, emulsifiers

Main Publications/Patents/Participation in conferences:

Effect of steeping on maize recovery and quality. 1999. Poster presentation at Sixth
Symposium on Renewable resources for the Chemical Industry, Bonn (Germany) 23-25
March 1999.
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Pharmaceuticals from Phillyrea latifolia L: A new crop in the future of
Mediterranean less-favoured areas

Objectives:

Phillyrea latifolia L. represents a characteristic species of the Mediterranean bush (Italian
“macchia”) and is well known through its long use in traditional medicines for people from
Southern Europe. The aims of this project are to develop processes to isolate and identify the
constituents responsible for certain properties of Phillyrea latifolia L, to investigate the
occurrence of possible new chemical structures and to enhance the agro-industrial interest for
the utilisation of a potential crop in less-favoured Mediterranean rural areas.

Swinary of achievements:

Pharmacological tests on total raw methanolic extracts and on middle polar fraction of
Phillyrea showed a remarkable aptitude to modulate classical pathway of the human
complement system.

Photochemical investigations of these fractions permitted the isolation and identification.
through means of sophisticated techniques, of some phenolic compounds: apigenin and
luteolin derivatives and the propanoidglycoside verbascoside. In particular a relative
consistent amount of the unusual 4’-O-substituted flavon Luteolin-4’-O-§ -glucoside was
isolated. Most of these were never found before in the Genus of Phillvrea. All the pure
obtained compounds were pharmacologically tested and were shown to have interesting anti-
inflammatory properties thus confirming the uses of Phillvrea decoctions in the
Mediterranean ethnomedicine and the properties of the whole extracts of the species.

Clinical and toxicological tests are proposed, in order to evaluate the possibie utilisation of

Phillyrea latifolia L. leaves in forms of macerates and/or Galenic preparations or in smooth
anti-inflammatory pharmaceutical natural products. A cultivation of the plants in the less
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favoured areas of Southern Europe could represent an interesting economic activity and may
result in a possible way to recuperate degraded semi-arid territories.

Keywords:
Phillyrea latifolia, traditional medicine, phenolic, anti-inflammatory

Main Publications/Patents/Participation in conferences:

A. Pieroni. Y. Huang, A. J. Vlietinck, D. Heimler (1998) Anticomplementary activity of
extractives from Phillyrea latifolia L. leaf” — Fitoterapia, Milan, Italy (accepted).

A. Pieroni, D. Heimler. Y. Huang (1998) A TLC method to separate and identify flavons from
flavon glycosides and from biflavons in vegetal extracts — Journal of Planar Chromatography,
11, 230-232, Budakaldsz, Hungary..
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Molecular farming of therapeutic antibodies in plants

Objectives:

The enormous potential of antibodies in human health has created demand for large amounts
of functionally active forms of recombinant antibodies (rAbs) produced at low cost with no
risk to the patient during therapeutic applications. In this project, the tumour specific antibody
T84.66 will be studied because it recognises a major target of colon, breast and lung
adenocarcinomas, the carcinoembryonic antigen (CEA), and is suitable for use in diagnosis
and therapy.

An aim of the project is to generate fusion proteins comprising a single chain antibody
scFvT84.66, derived from T84.66. genetically fused to the biological response modifier
Interleukin 2 or Pseudomonas exotoxin. These fusion proteins will then be expressed in
tobacco. In addition, genetic linkage of the tumour specific scFvT84.66 to another scFv with
specificity for cytotoxic T-cell markers will be carried out to potentially enhance the tumour
killing properties of the rAb.

Summary of achievements:

Eight different plant expression constructs have been obtained by cloning the scFv84.66 gene
using a combination of the following elements: a STUTR (CHS or Omega). a leader sequence
(LPH or LPL — codon optimised leader peptides of the heavy chain and light chain genes of
mAb24), a 3" tag (His6 or a KDEL EER retrieval signal). and the 3" UTR of tobacco mosaic
virus. These eight constructs have been cloned into the pSS plant expression vector.
Functional expression of scFv84.66 using these constructs has been tested by Agrobacteriun
mediated transient expression in tobacco leaves. Plant expressed scFvT84.66 completed
against the mAb T84.66 for binding to CEA/NA3 protein in compeltition ELISA, indicating
that the recombinant protein is functionally expressed. Sufficient quantities of the proteins
were generated for affinity purification of scFvT84.66, coupled o a 6-histidine tag, and its
characterisation. Tobacco plants have been stably transformed with the constructs and the
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antibody is functionally expressed up to the currently analysed T2 generation. To develop a
direct assay for detecting scFvT84.66 expression, chicken IgY antibodies have been raised
using plant expressed or bacterial scFv84.66.

Fusion proteins between IL2 and scFvT84.66 have been generated and tested by transient
expression in tobacco leaves, where the antibody domain of the fusion protein is functional
and the activity of the 112 domain is under investigation. Stably transformed tobacco plants
expressing this fusion protein are currently being generated and fusions of scFvT84.66 with
Pseudomonas exotoxin and CDS8 are in progress.

Keywords:
Carcinoembryonic, antigen. antibody, engineering, plant expression, single chain antibodies

Main Publications/Patents/Participation in conferences:

X" International Plant and Cell Tissue Culture Congress — 14-19" June 1998. Jerusalem.

R. Fischer, C. Vaquero, M. Sack, J. Drossard, N. Emans, U. Commandeur, (1999) Toward
Molecular Farming in the future: Transient protein expression in plants — Biotechnology and
Applied Biochemistry (in press).

C. Vaquero, M. Sack, I. Chandler, J. Drossard. F. Schuster, M. Monnecke, S. Schillberg, R.
Fischer (1999) Transient expression of a tumour specific single chain fragment and a chimeric
antibody in tobacco leaves — PNAS (in press).

FAIR: Marie Curie Research Training Grants (1994-1998) 19



1.2 The “green” chemical and polymer chain

BEYLOT, Marie-Helene

French
Host Institution Fellowship data
University of Newcastle-upon-Tyne Category: 20
Department of Biological & Nutritional Sciences Starting date: 01/10/1997
g :
Neyvcastlfe NEI 7RU Duration: 36 months
United Kingdom (Contract number: FAIR-CT97-5008
Tel: +44 191 2226962 mber: T
Fax: +44 191 2228684

Scientific supervisor
GILBERT, Harry

Protein engineering of a xylanase to improve its agricultural uses

Objectives:

The overall objective of this research project is to use knowledge of the structure/function
relationship of xylanases to (a) improve the thermostability of industrially important
hemicellulases and (b) alter the catalytic residues in the active site of xylanases, and increase
their resistance to organic solvents so that these enzymes can be used to synthesise molecules
containing polysaccharides which will be of considerable use in the food industry.

Summary of achievements:

The first year of the training programme focussed on the modification of active site residues
that have the potential to alter the catalytic activity of the model enzyme, xylanase A (XYLA)
from Pseudomonas. Previous studies in the laboratory have shown that XYLA can
accommodate seven xylose residues in its active site. The region of the enzyme that binds one
xylose moiety is known as a sub site. Cleavage of the substrate occurs between subsites -1 and
+1, and the number assigned to the other subsites indicates how close it is to the site of bond
cleavage. In the first year of the project site-directed mutagenesis has been used to substitute
several active residues with alanine.

The data obtained can be summarised as follows:

e Disruption of either subsite -2 or +1 by mutations E43A and FI8IA. respectively,
reduced the activity of XYLA against xylooligosaccharides with a dp>7 50-100 fold. In
contrast these mutants retained full catalytic activity against xylan.

e The generation of xylanases whose end-products are xylooligosaccharides, rather than
xylose and xylobiose could have important implications in the agriculture and food
industries where oligosaccharides are playing an increasingly important role.

e In addition to modify the reaction products produced by XYLA, the importance of Trp-
313 and Asp-248, which are located at the +1 subsite, has also been probed. These
residues were substituted for alanine and the biochemical properties of the mutant
enzymes were evaluated. Both W313A and D248 A were 100-fold less active against
xylan_than native XYLA. Interestingly both the kcar and Km of these enzymes against
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substrates such as dinitrophenyl-B-cellobioside, which have excellent leaving groups,
were reduced 100 fold suggesting that the mutations were influencing the position and/or
ionisation state of the catalytic nucleophile, Glu-127, rather than the catalytic
nucleophile.

Keywords:
Xylanases, Xylan, nucleophile, protein engineering, agricultural use, active site, catalytic site,
enzyme, Pseudomonas

Main Publications/Patents/Participation in conferences:

S.J. Charnock, T.D. Spurway, H.F. Xie. M.H. Beylot, R. Virden, R.A.J. Warren, G.P.
Hazlewood, and H.J. Gilbert (1998) The topology of the substate binding clefts of glycosyl
hydrolase family 10 xylanases are not conserved. Journal of Biological Chemistry 273:
32187-32199.
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Development of starch-based nanoparticles: structure, colloidal and rheological
properties

Objectives:
Not stated

Summary of achievements:

In a previous study. it was found that surface charges should contribute largely to the
rheological behaviour of starch-based particles (cross-linked with epichlorohydrine) in salt-
free aqueous suspensions.

Further research continued with performing rheological experiments on dilute and semi-dilute
suspensions, and varying the ionic strength. the cross-linking degree of the particles. and the
type of the cross-linking agent (using trisodium trimetaphosphate). Supplemental experiments
have been also performed on charged. rigid silica spheres in order to establish a parallel
between the rheological behaviour of particles with a well-defined structure and starch-based
hydrogels.

It has been found that starch-based particles behave like polyelectrolytes in aqueous
suspensions, most likely due to the dissociaion of hydroxyl groups carried on the glucose
units. Charged rigid spheres also produce the polyelectrolyte effect (decrease of the reduced
viscosity versus the particle concentration) at very dilute regimes.

Two important conclusions can thus be put forward: on one hand. the polyelectrolyte effect is
a one-particle problem, involving only the number density of surface charges contributing to
the Debye length and thereby the effective volume of the particles. On the other hand. the
polyelectrolyte effect is a generic phenomenon characterising charged particles in
suspensions.
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Keywords:
starch, nanoparticle, structure, colloid, rheology. suspension

Main Publications/Patents/Participation in conferences:

Y. Dziechciarek. J.J.G. van Soest, A.P. Philipse. 2000 Viscosity of starch-based sub-micron
hydrogels and charged. rigid silica spheres. A comparative study of the "polyelectrolyte
effect”. Chemische Wetenschappen Dagen (vloeistof en grensvlakken). Lunteren, The
Netherlands, 28-29 February 2000

J.J.G. van Soest, E. Westerweele, Y. Dziechciarek. 2000 Starch Microparticles or Microgels:
A New Way for Adjusting Rheology and Thickening in Food and Cosmetic Application
Systems. Polymerix 2000, Rennes, France, 7-9 June 2000

Y. Dziechciarek, J.J.G. van Soest, A.P. Philipse, Chemische Wetenschappen Dagen (vloeistof
en grensvlakken), 28-29 February 2000, Lunteren, The Netherlands

J.J.G. van Soest, E. Westerweele, Y. Dziechciarek. Polymerix 2000, 7-9 June 2000, Rennes,
France

1.J.G. van Soest, Y. Dziechciarek. A.P. Philipse, IXr" International Starch Convention, 13-16
June Cracow, Poland

Y. Dziechciarek. J.J.G. van Soest, A.P. Philipse, 10 International Association for Colloid and
Interface Science Conference, 23-28 July 2000, Bristol, UK

J.J.G. van Soest. Y.Dziechciarek, Plant Polysaccharides, 23-25 August 2000, Wageningen,
The Netherlands
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The chemical composition of non-textile flax fibres

Objectives:

The aim of the project is to: (1) characterise the hemicellulose and lignin fraction of flax
fibres; (2) develop a strategy for determining the chemical composition ol flax fibres: (3)
investigate the chemical structure of flax fibres depending on variety (linseed/textile) at
different harvesting times; (4) investigate the effect of different pre-processing routes (retting
and decorticating) on surface chemistry and chemical composition (key parameters).

Lignin and hemicellulose characterisation

Lignin will be isolated from mature fibres by acid hydrolyses and as Bjorkman lignin. It will
be characterised by elemental analysis, HPLC, UV and IR/FTIR spectra and compared with
lignin in situ and with wood lignin. Non-lignin, aromatic substances will be determined by
HPLC. The acetyl bromide method for determining true lignin content will be adjusted and
developed for flax lignin. Hemicelluloses are isolated by a multiple-step sequential extraction.
The tractions will be analysed for sugar content and uronic acids using HPLC and GLC of the
derivatives. The fractions will be further analysed using GPC and/or NMR. A strategy for
determining hemicellulose content in flax fibres will be developed.

Chemical characterisation of fibres at different harvest times

The total chemical composition for the different raw materials will be determined using the
techniques developed in the project combined with established methods for wood chemistry
analysis of extracts, ash and cellulose.

The effect of pre-processing on fibre chemical characteristics

The identified key parameters for characterisation of flax fibre chemistry are used to
characterise differences in chemical composition due to different processing schemes
(combinations of retting degree and mechanical decorticating). Furthermore, the cellulose
DP/levelling-off DP will be determined to identify excess cellulose degradation. The effect of
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retting will be followed using CEC, NIR and FTIR analysis. The surface chemistry
characteristics of fibres will be determined using established methods. Surface energy will be
determined using wetting analysis. Microscope FTIR, ESCA and CLSM will be also used. An
attempt will be made to relate the different surface chemistry characteristics to the degree of
removal of chemical components as an effect of the different processing routes.

Summary of achievements:
To date, no information available

Keywords:
Composition, non-textile, flax, fibres, lignin, retting, cellulose, processing, decorticating
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Transcriptional regulation and tissue specificity of walnut shoot chalcone
synthase genes

Objectives:

The rooting of walnut shoots is hampered by trees ageing. This is an obstacle to amelioration
and mass propagation programmes. Flavonoids are good markers of plant development and it
has been shown that two flavonols. namely myricitrin and quercitrin. and condensed tannins
accumulate during the growth period in aged walnut shoots. It has also been shown that the
addition of myricitrin to in virro culture medium diminishes rooting ability.

Flavonois accumulate mainly in leaves, buds and phloem. An enzymatic study has shown that
phenylalanine ammonia lyase (PAL). the first enzyme of the phenylpropanoid pathway. does
not control flavonoid accumulation but is linked to the lignification process. On the other
hand, chalcone synthase (CHS). the first enzyme of the flavonoid pathway regulates the
accumulation of flavonoid in phloem. buds and leaves.

Consequently. this research aims to improve knowledge of walnut ageing and related
consequences on rooting ability through the regulation level of CHS expression in the
different tissues of a walnut shoot.

Summary of achievements:

Two full length chalcone synthase cDNAs. about 98% identical, at the nucleic acid level were
characterised from leaves of the adult walnut tree. The open reading {rame sequences coded
for two 389 amino acid polypeptides, 99.5% identical. The two deduced amino acid
sequences exhibited the typical CHS consensus in the middle of the sequences and the
essential amino acids for CHS activity. Additionally. they showed a high degree of identity to
CHS of Pyrus malus (91%) and Pinus sylvestris (85%). As with CHS from other trees, some
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parts of the predicted protein sequences from the walnut CHS are similar to the stilbene
synthase protein sequences (between 70 and 76% identity).

Southern blot analysis indicated that CHS in walnut is encoded by a small gene family
consisting of maximum three members. In addition a CHS promoter of 1.7 kb length has been
isolated, which can be sequenced now.

The expression of CHS during growth of adult and rejuvenated walnut shoots was
investigated. A 1.5 kb CHS transcript was detected in leaves, buds, fibre and bark, whereas no
transcript was detected in wood and medulla. Growth of walnut shoots resulted in a transient
increase of leaf and liber CHS transcripts which was much more pronounced in adult than in
rejuvenated trec shoots These data, correlating with CHS enzyme activity and flavonoid
accumulation, indicate a tissue specific influence of age on flavonoid biosynthesis at the CHS
mRNA level.

Keywords:
Walnut, shoot, chalcone synthase. flavonoid, myricitrin, quercitrin

Main Publications/Patents/Participation in conferences:

A-C. Claudot. D. Ernst, H. Sandermann, A. Drouet (1997) Chalcone synthase activity and
polyphenolic compounds of shoot tissues from adult and rejuvenated walnut trees. Planta, in
press
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LEFORT, Francois
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Malahide Road Contract signed:  03/04/1996
Dublin 17 A Duration: 24 months
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Tel: +353 1 8460644
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Scientific supervisor
DOUGLAS. Gerard

Genetic fingerprinting of hardwood trees and application of molecular
techniques to characterise gene expression and physiological states

Objectives:

The initial aim of the project was to produce arbitrary molecular markers (RAPDs) for five
species of broadleaved trees (Quercus petreae, Q. robur, Fraxinus excelsior, Prunus avium
and Acer pseudoplatanus) by the use of the PCR method and arbitrary oligonucleotide
primers. The technique although useful for a great number of species has been widely
criticised for the lack of reproducibility from laboratory to laboratory and from user to user. It
was also judged inappropriate as a tool for evaluating biodiversity.

At the start of the project, the general trend in plant genetics was a move to the
characterisation and the use of microsatellite loci as molecular markers. It was said that these
microsatellite polymorphisms displayed all the required criteria for being the best markers
available.

A molecular marker must be highly polymorphic. display a co-dominant inheritance allowing
homo- and heterozygotic states in diploid organisms to be identified, occur frequently. be
evenly distributed in the genome and display a selectively neutral behaviour. It also must be
of easy access, quickly assayed. be highly reproducible and must allow easy exchange of data
between laboratories. All these qualities are displayed by the microsatellite loci.

The emphasis shifled slightly from a project entirely based on RAPD to a new approach
involving the analysis of microsatellites. These reasons behind this change were: the first
sequences of microsatellite regions for Quercus robur and Quercus macrocarpa were
published or available in GenBank: the development and the accessibility of the more recent
method of DNA library enrichment in microsatellites; and the recent availability of a new
sequencing device with precast sequencing gels.
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Summary of achievements:

The elite collections for different trees, made available by the Irish forestry company, Coillte,
enabled the analysis of a greater genetic diversity which could be improved and optimised in
the future for the benefit of new forests management, with the use of these microsatellite
markers.

The choice of microsatellites against RAPD has proved to be worthy and very rewarding in
terms of produced knowledge.

These results, particularly the Fraxinus microsatellite sequences and amplitying primers, have
been made available as quickly as possible for the benefit of the scientific community through
publication in GenBank and the publication of primers in TreeGenes Database. This new
knowledge will be very useful for genetic structure, pollen dispersal, parentage analysis and
taxonomy studies in a broad range of Fraxinus species and other Oleaceae species in which
some of these microsatellites markers of F. excelsior have been shown to amplify.

These microsatellites are already being used by one French team and one Greek team. Three
other European teams have expressed intention of using these sequences.

Keywords:
Genetic fingerprinting, hardwood trees, molecular markers, gene expression, physiological,
diversity

Main Publications/Patents/Participation in conferences:

G.C. Douglas, J. McNamara, F. Lefort & C. Barren (1997) Ways to accelerate the genetic
improvement of our broadleaved species. Irish Timber and Forestry September/October 1997,
pp38-39 (ISSN 0791 7422)

F. Lefort (1997) Survey of different commercial DNA extraction kits and microscale methods
for DNA extraction from oak, ash tree, sycamore and cherry tree leaves. Molecular Screening
News 10:103-104.

F. Lefort and G.C. Douglas (1997) A simplified method to purify a pharmaceutical grade wax
for use in the polymerase chain reaction (PCR). Biologie 52(6):803-806.

C. Barret, F. Lefort and G.C. Douglas, (1997) Characterisation of oaks by RAPD and
microsatellite PCR. Seedlings, shoots, epicormic shoots crown shoots and in vitro cultures
from mature trees. Scientia Horticulture, 70(4):269-366.

F. Lefort and G.C. Douglas (1997) An efficient method of DNA isolation for microsatellite
analysis from mature leaves of four hardwood tree species. Annales des Sciences Forestieres.
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MULIN, Manorama

French

Host Institution . Fellowship data

Centro de Biotecnologia Vegetal ]

Departamento De Biologia Vegetal Category. 30

Bloco C2. Piso | Stamng date: 03/04/1996
Campo Grande i Duration: 24 months

1700 Lisbon Contract number: FAIR-CT96-5007

Portugal

Scientific supervisor
PAIS, Salome

Induction of morphogenesis (somatic embryos and/or adventitious shoots) from
thin cell layers of cork oak (Quercus suber) and chestnut (Castanea sativa)

Objectives:

The main objective of this work was to establish reliable micropropagation and rooting
protocols for chestnut and of cork oak. These protocols will be useful for breeding
programmes and, in particular, for genetic transformation experiments.

Swmmnary of achievements:

Shoot formation was obtained from internodal explants (longitudinal sections and longitudinal
segments) of chestnut. The presence of a higher cut surface area for bacterial contamination in
these explants may improve the results obtained in genetic transformation of chestnut.

From sections isolated at the proximity of the nodal region. shoot regeneration and these
shoots were induced to root in vitro. These results are important as with this method the
number of shoots regenerated can be increased and induced to root in vitro. This would enable
in virro plants to be transferred to soil and allow further experimentation in this field. essential
for breeding and reforestation programs of chestnut.

As for the cork oak, structures resembling floral buds in shoots regenerated from in vitro
material or from in-field growing material were obtained. Flower induction of cork oak under
in vitro conditions may be valuable in breeding programmes. However. histological studies
remain to be earned out to identify the morphological and anatomical structure of these buds.
Nevertheless these preliminary results are interesting as the precocious development of
axillary floral buds from juvenile material of cork oak were obtained. Further experimentation
is necessary before these results can be confirmed.

In addition somatic embryo formation was induced from in vitro cork oak shoots maintained
in culture for four years. This experiment has to be repeated to obtain shoot regeneration from
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the embryo. These results once achieved may be useful for genetic transformation
experiments.
Keywords:

Micropropagation, cork, oak, chestnut, explants, Quercus suber, Castanea sativa,
regeneration
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CHRISTOS, Manolas

16/08/1965, Greek

Host Institution ’ Fellowship data

Athens Paperr}nll SA Category: RT
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66100 Drama Starting date: 29/01/1998
Greece . Duration: 12 months

Tel: +30 521 35700 Contract number: FAIR-CT96-5041

Fax: +30 521 38111

Scientific supervisor
KAPATHANASIS, Anastasios

Valorisation du sorgho papetier dans ’industrie papetiére a ’aide de la
technologie d’extrusion Bi-Vis. Etude des carateristiques papetiéres

Objectives:

Broom sorghum contains 10 - 20 % of pith in the stalk. The pith is responsible for problems
of lower quality of pulp and lower amount of pulp requiring more processing. Processing
broom sorghum by extracting pith using the Bi-Vis method developed by the Centre
Technique du Papier, allowed the production of pulp that could be used for cardboard.
Current solutions require the mechanical extraction of pith using Pallman machines to
produce good quality cardboard.

During this study a Bi-Vis extrudeur BC 45 was used, allowing for the processing of the
entire sorgho resolving the difficulty arising from the extraction of pith.

Sununary of achievements:

The results delivered by the work produced within Athens Papermill. reached the objectives.
It demonstrated that the entire plant can be used for the fabrication of cardboard paper without
the need for extracting pith. Pulp obtained after refining with Sprout-Waldron. is
characterised by a similar mechanical resistance as that obtained through the C.T.P. pith
extraction method.

The economic advantages are considerable compared with existing extraction methods.

e The output of fibre matter through Bi-Vis is close to 85 %,

o  Energy and the consumption of reagents is lower than with classic methods.

»  Recycling of the extract could minimise the production of unwanted components and
reduce the need for reagents

Keywords:
Pulp, cardboard, paper. broom. sorghum, extraction, pith

32 FAIR: Marie Curie Research Training Grants (1994-1998)



1.3 The forestry-wood chain

BERITOGNOLO, Isacco
Italian
Host Institution Fellowship data
Instilul b{ationu‘l de .lu Recherche Agrongmique Category: 20
Station d'Amelforation des. Arbres Forestiers Starting date: 06/02/1997
Avenue de la Pomme de Pin .
Duration: 36 months
45160 Ardon )
France Contract number: FAIR-CT96-5050

Tel: +33 3 8417803
Fax: +33 3 8417879

Scientific supervisor
JAY-ALLEMAND, Christian

Molecular genetic analysis and tagging of specific genes controlling wood
quality in walnut (Juglans spp)

Objectives:

The main objective of this project is to tag genes controlling wood quality in walnut (Juglans

spp). Wood quality is an important trait and the formation of heartwood is a key process as it

affects colour and durability of wood. While some biochemical mechanisms of wood

colouring are already described, no information is available on gene expression during

heartwood formation in walnut. In this work, genes involved in heartwood formation will be

tagged as genes potentially related to wood quality. This strategy is based on two approaches:

e RT-PCR and gene expression study for candidate genes controlling phenolics
metabolism:

¢ Construction and screening of cDNA libraries. The selected cDNA clones will provide
homologous probes and sequence information to be used in mapping programmes, as
well as in wood physiology studies.

Summary of achievements:

The formation of heartwood has a strong influence on the quality of walnut wood.
Nevertheless, very little information is available on gene expression during heartwood
formation. The research activity has focused primarily on gaining a deeper knowledge of the
molecular basis of this process by cloning genes expressed in aged sapwood (transition zone)
transforming into heartwood.

The application of molecular analyses to aged wood tissues has required a special approach
for the set up of suitable techniques. Taking into account the chemical composition of wood
extractives, the key enzymes of phenylpropanoid pathway and flavonoids biosynthesis have
been targeted as candidate genes, that could potentially control wood quality. The expression
of specific genes was investigated by Reverse Transcriptase-PCR (RT-PCR) in xylem tissues
of black walnut (fuglans nigra L.) trees. By this approach it was possible to detect the
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expression of genes encoding 4-Coumarate:CoA ligase (4CL), Chalcone synthase (CHS).
Flavanone 3-hydroxylase (F3H), and Dihydrofiavonol-4-reductase (DFR) in the transition
zone of Juglans nigra.

The RT-PCR products were cloned and sequenced and the obtained sequences confirmed the
identity of the cloned ¢cDNA fragments. These results represent a technical breakthrough as
far as this particular tissue is concerned. This is the first report showing the activation of
phenylpropanoid metabolism at the transcription level in the transition zone.

In order to describe the temporal dynamics of heartwood formation, walnut trees were cut and
collected for analyses every 6 weeks along the year. According to the results of chemical
analyses and anatomy observations, the study of gene expression was focused on Juglans
nigra trees collected in July and January. Indeed, these periods should represent highest and
lowest peaks in the accumulation of wood extractives. Flavonoids compounds play an
important role as wood extractives. Thus the expression of genes specific of tlavonoids
biosynthesis (CHS, F3H, DFR) is being studied by RT-PCR in young and aged wood tissues.
The expression of these genes was detected in all tissues analysed. By differential cleaving of
RT-PCR products with restriction enzymes it was possible to show that only two members of
CHS nultigene family are expressed in walnut wood tissues. These analyses are now
extended to F3H and DFR. A quantitative analysis of gene expression is being carried out on
the same samples by Northern Blotting hybridisation. A severe limitation for this type of
analysis is the very low yield of RNA extracted from aged wood tissues (1500 to 3000 folds
lower than in young tissues).

These results may be a starting point for promising perspectives. The cloned cDNA fragments
provide sequence information and homologous cDNA probes. Future evolution of the present
work will be the construction of a cDNA library from transition zone. This library will be
screened to tag genes differentially expressed in this tissue. Selected ¢cDNA clones will be
used as Expressed Sequence Tags (EST) in studies of genetic variability, in mapping
programmes, as well as in wood physiology studies.

Keywords:
Heartwood, walnut, Juglans spp, gene expression, phenolics, metabolism, cDNA, enzymes,
flavonoids

Main Publications/Patents/Participation in conferences:

I. Beritognolo, C. Jay-Allemand and C. Breton (1998) Study of gene expression during
heartwood formation in walnut (Juglans spp). Quatrieme rencontre de biologie moleculaire
des ligneux. Bordeaux. France. March 25-26. 1998 (oral presentation)

P. Label, 1. Beritognolo. C. Breton. J.P. Charpentier, and C. Jay-Allemand (1999) First results
of the study of cambial activity and xylem differentiation in walnut SEB Annual Meeting.
Edinburgh, UK, March 22-26, 1999 (oral presentation)
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SILVA PINTO, Isabel
17/07/1971, Portuguese

Host Institution Fellowship data
Technical Research Centre of Finland
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Building Technology €
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Scientific supervisor
USENIUS, Arto

Stem modelling and simulation of sawmill outputs in Pinus pinaster for
optimising the wood conversion chain

Objectives:

The project deals with the technological quality of pinewood (Pinus pinaster Ait.), using
material with known silvicultural management, by modelling stem wood quality and
simulation for the optimisation of sawmill outputs. The project will involve the conversion of
real stems into computer models and the use of simulation software for converting stems into
end products. The project, will use a simulation software developed by the host institution
(VTT - Simulog) and apply it to the Pinus pinaster Ait., the most important species in
Portugal for timber production.

Summary of achievements:
The application of image processing techniques for Maritime pine (Pinus pinaster Ait.) wood
resulted in an accurate mathematical 3D model for the studied logs. The WOODCIM® sawing
simulation process has shown potential to optimise the operating instructions in the sawing
process of this wood species and to clarify the influence of different production variables on
the recovery of sawn timber.

The model allowed the internal defect distribution and features for Maritime pine to be
studied. The analysis clearly shows that the studied material has a large proportion of defect
(knot) free wood. The average volume percentage of knots compared to the total volume of
the log varies from 0.06% for butt logs to 1.7% for top logs. The results show that correct
management of Maritime pine forests can provide Portugal with high quality wood. ensuring
competitiveness of the Portuguese wood industry through value added production.
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Keywords:
Pinus pinaster, sawmill, optimisation, simulations, wood, pine

Main Publications/Patents/Participation in conferences:

I. Pinto, H. Pereira, A. Usenius (2000) Characterisation of Pinus pinaster Ait. stems — In
preparation.
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DEHON, Laurence
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Scientific supervisor
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Roles of polyphenol oxidases and peroxidases in wood colour quality of walnut
(Juglans spp)

Objectives:

Concerning the production of high quality timber of walnut (Juglans sp.) in Europe. The
general objective of the research concerns one of the main characters of the walnut wood
quality, namely its colour.

Heartwood formation is related to the process of ageing of xylem cells. The ultimate stage of
this process is the death of the last living sapwood cells (parenchyma cells). The coloured
compounds produced during this stage are the result of a series of oxidations and
polymerizations by the way of chemical and enzymatic reactions. The choice of studying
peroxidases and polyphenoloxidases (PPO) is linked to the role of these enzymes in different
browning processes of tissues in particular physiological conditions (defense against
pathogens, fruit maturation, etc.).

There are three scientific objectives to understand the role of peroxidases and PPO in the
browning of wood. These objectives are:

(i) the determination of which oxidase and which substrate of this enzyme plays a role
in browning;

(ii) the precise localisation of oxidase activities;

(iii} to understand the mechanisms of interaction between enzymes and substrates

leading to the colouring of wood.

Sumunary of achievements:

With respect to the localisation of peroxidases and polyphenoloxidases activity, the project
found that classic histology and immunohistolocalisation yielded detailed information about
the localisation of two families of oxidative enzymes.
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Due to where they were found. PPOs do not seem to have a direct function in the process of
heartwood formation. On the other hand, the localisation of peroxidase activity and
appearance of colouring at the sapwood/heartwood interface seems highly significant. It was
also shown that the same xylem band is made up of different "phenol cells " and "peroxidase
cells". This result is only slightly surprising given the strong inhibiting capacity of many
phenolic compounds, in particular with respect to peroxidase activity.

At the cellular level (banded parenchyma. paratracheal parenchyma). the peroxidase gafacol-
dependent activity appeared to be confined to the vacuole, although the 3.3'-
diaminobenzidine test reveals more that one cytoplasmic form. The isoelectrofocalisation gels
revealed the presence of many peroxidase activity bands which were detected in the transition
zone, including one band indicating high activity with an isoelectric point of 7.7. This band is
also present in the cambial zone of Juglans nigra, but with even higher activity.

Keywords:
Xylem cells. enzyvme. colouration, wood, walnut, Juglans, substrate, peroxidase,
polyphenoloxidase

Main Publications/Patents/Participation in conferences:

Peroxidases and walnut (Juglans nigra L) Wood colouring. Acta Horticuliirae (in prep.)
Histolocalisation and purification of peroxidases in relation with heartwood colour. In Second
General Meeting European project FAIR CT 96-1887-Sorrento. Italy. 14-17 April 1999, Oral
Communication

Peroxidases and walnut (Juglans migra L) Wood colouring in the Fourth International Walnut
Symposium-Bordeaux, France, 12-16 September 1999, Poster

Links with EC projects:

PL 96-1887
This project is part of the European FAIR project n® PL 96-1887 (W-Brains)
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Scientific supervisor
SIERRA-ALVAREZ, Reyes

Methods to improve the selectivity of lignin degradation in biopulping
processes

Objectives:

The goal of this research is to develop new methods to improve the selectivity of biopulping
processes. The strategies considered were based on removing nitrogen from wood chips by
both incubation with sap-staining fungi and pre-treatment with proteases. The investigation
was based on three major research tasks:

e  Wood pre-treatment with sap-staining fungi that reduce the nitrogen availability for
subsequent biopulping.

e Wood pre-treatment with proteases and washing of liberated amino acids to reduce the
nitrogen availability in subsequent biopulping.

e  Optimise the biopulping of nitrogen depleted wood chips.

Summary of achievements:
The effectiveness of reducing the N content in lignocellulosic materials as a means to enhance
the selectivity of lignin degradation in biopulping processes was evaluated.

To remove the N from woody materials they used pre-inoculation with a sap-stain fungus
(Ophiostoma piliferum), solvent extraction and enzymatic pre-treatment with proteases. The
best results were obtained with the protease treatment that reduced up to 68% of the original
N in hemp stem wood and by water extraction that decreased the N content by 39%.

A rapid screening method to assess wood delignification selectivity by different white-rot
fungal strains was developed and optimised. Bjerkandera sp. showed the highest selectivity in
the degradation of Klason lignin in both hemp stem and poplar wood.

Hemp stem wood containing different levels of N (from 32% to 500% of the initial N content

in fresh material) was inoculated with Bjerkandera sp. The results obtained showed a strong
positive correlation between the level of N in hemp and the selectivity of lignin degradation.
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The highest selectivity index (i.e. ratio of percent lignin removal to percent holocellulose
removal by the fungus) was determined in the treatment corresponding to the lowest N
content in the substrate (hemp pre-treated with the protease). A sharp decrease in the
selectivity of Klason lignin degradation was observed with increasing N content in hemp.
High N contents also contributed to enhance the overall degradation of the lignocellulosic
material. Significant differences were also found in the ligninolytic (MnP, LiP, MIP) as well
as the cellulolytic activities, regarding the different N levels in the substrate tested. The
highest ligninolytic enzyme activity was detected after the water extraction treatment and the
lowest cellulase activity was found for the treatment with the lowest N level.

Finally, several experiments were carried out in order to confirm the key role played by N in
the biopulping of other lignocellulosic feedstocks commonly used by the pulp and paper
industry. The same tendency shown in hemp wood was observed for the rest of species. with
the exception of Miscanthus. These results indicate the potential of wood pre-treatment
methods geared to reduce the N content in wood chips as a mean to enhance the selectivity of
lignin degradation in biopulping.

Keywords:
biopulping, lignin, hemp, cellulase, degradation, wood chips, wood

Main Publications/Patents/Participation in conferences:

J. Dorado, T. A. v. Beek, F. W. Claassen. R. Sierra-Alvarez (1999) Degradation of pitch
constituents in various wood species by the white-rot fungus Bjerkandera sp. strain BOSSS5 —
30" Annual Meeting of the International Research Group on Wood Preservation, 6-11" June
1999, Rosenheim. Germany.

J. Dorado, T. A. v. Beek, F. W. Claassen, J. B. P. A. Wijnberg. G. Lenon. R. Sierra-Alvarez
(1999) Biotreatment of softwood chips to reduce pitch problems — 27" EUCEPA Conference
— Crossing the Millennium Frontier: Emerging Technical and Scientific Challenges, 12-14"
October 1999, Grenoble. France.

S. Bosch-Gonzilez. J. Dorado, F. W. Claassen. G. Lenon. R. Sierra-Alvarez (1999) Effect of
biomechanical pulping on effluent treatability — IAWQ International Specialised Conference
of Chemical Industry Group, 14-18" November 1999, Mérida, Yucatdn, Mexico.

J. Dorado, R. Sierra-Alvarez, J. A. Field (2000) Biopulping of non-woody plant species —
International Conference & Exhibition on Sustainable and Renewable Raw Materials (Green-
Tech® 2000), 3-5" April 2000, Utrecht, The Netherlands.
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Biological aspects of chemical wood modification

Objectives:

Acetylation of solid wood to enhance anti-shrink-efficiency and resistance against fungal
decay is a fairly new approach in wood technology. In the near future acetylation of solid
wood will be carried out on an industrial scale. Nevertheless some questions concerning the
effects of acetylation on wood structure and biological degradation remain unanswered.

Summary of achievements:

Wood samples of Scots pine, Norway spruce and beech treated in different acetylation
processes were investigated using several techniques. These include: light microscopy,
electron microscopy, confocal laser scanning microscopy together with image analysis, UV-
spectroscopy and fluorescence spectroscopy. Furthermore decay patterns in non-treated and
acetylated wood under soil exposure were studied using different microscope techniques.

It was found that the optimised processes designed for industrial acetylation do not cause any
damages to wood structure. Thin walled parenchyma tissue as well as pit membranes were
unaffected. A bulking eftect due to acetylation led to a higher cell wall/lumen relation in the
early-wood of spruce: The wood becomes denser. Only sub-optimised processes with
uncontrolled temperature might cause damages such as fibre detachment and dissolution of pit
membranes.

Acetylated spruce revealed a lower permeability for waterborne solutions. The impregnation
deepness was measured using image analysis and revealed significantly lower impregnation
depth in the axial direction. UV-spectroscopy of acetylated spruce could prove that even a
high acetylation degree does not affect the aromatic structures of lignin, implicating a possible
side chain reaction. A change in the fluorescence characteristic of lignin was found using
fluorescence spectroscopy. Intensity of lignin fluorescence in softwoods was significantly
correlated with the degree of acetylation.
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Microscopy of acetylated wood from soil exposure tests was not finished at the end of the
project. The preliminary results. however, showed that a high degree of acetylation did not
suppress colonisation of wood by tungi, but biological degradation was severely reduced or
completely missing.

Keywords:
Wood, acetylation, Scots pine, Norway spruce. beech, microscopy, resistance, anti-shrink,
decay -

Main Publications/Patents/Participation in conferences:

C. Sander, E.P.J. Beckers. H. Militz, W. van Veenendaal Analysis of acetylated wood by
electron microscopy. (in preparation)

C. Sander, M. Willemse. E.P.J. Beckers, H. Militz Effects of wood modifying treatments on
the autofluorescence of lignin. (in preparation)

C. Sander, E.P.J. Beckers. H. Militz Swelling and anisotropy of wood due to acetylation. (in
preparation)

C. Sander, E.P.J. Beckers, H. Militz Decay pattern of acetylated and CC-treated timber after
five years soil exposure. (in preparation)
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The influence of the site factors “wind exposure’ and “slope” on wood quality

Objectives:

A detailed experiment to investigate the effect of wind exposure on Sitka spruce wood quality
was established. This is an important consideration for British timber production and is the
first work on this subject in this country.

Summary of achievements:

A major effort was made at the beginning of the project to identify suitable sites for the work.
It was quickly realised that finding forest sites on which everything but the wind exposure
remained the same would be extremely difficult, if not impossible. Therefore. it was decided
that a single site would be used, which had a variation in wind exposure. The most suitable
possibility was a stand with a clearly defined westerly edge in which the wind exposure would
be a function of the distance of trees from the edge. This removes worries about variations in
temperature, rainfall. soil nutrition etc. The requirement that the trees would be large enough
to pass through a conventional sawmill and provide sawn pieces on the inside and outside of
the trunk restricted the search to stands planted at least 40 years ago. A rigorous search for
such a site was conducted throughout Britain by contacting Forestry Commission offices and
Forest Research field stations. Potential sites were visited to determine their suitability and the
final site chosen was near Lochgilphead, Argyll.

Prior to beginning the tree mechanical measurements the characteristics of the trees at
different distances from the forest edge were obtained. Statistical unalysis was carried out to
determine the number of trees required to be measured to provide a statistically robust data set
and to fit in with standard British mensurational protocol. From this a detailed experimental
protocol was drawn up prior to the beginning of any formal work. The experimental work in
the field was extremely thorough and established the basic physical characteristics of the 15
trees in each of four rows as well as the competition from neighbouring trees. The mechanical
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measurements consisted of attaching strain gauges at eight heights on each tree and pulling
the tree with known loads to establish the Modulus of Elasticity (MOE) as a function of
height. In addition sway tests were conducted with the strain gauges attached to the stem in
order to determine the resonant frequency and damping of the trees. All data were logged to
portable computer and the system was specifically designed for the project. The fieldwork
was very intensive and conducted over many weeks.

Following the mechanical measurements the trees were felled and 4m logs cut from the base,
centre and top of the trunk. Discs were cut from the ends of each section. The stem diameter
was measured at Im intervals and the branches from each meire section weighed. The
sections were transported to a sawmill and battens of approximately 100 x 50-mm cut from
the base and top logs. The battens are now being measured at BRE to determine the green
timber value of MOE and then they will be dried to determine the level of distortion.

By following each piece of timber from the forest through the sawmill and to final analysis it
will be possible to determine the effects of wind exposure on the properties of industrially
prepared timber. This link between research and the industrial sector is a key part of the work.
Furthermore, every effort has been made to integrate the work with other work on timber
quality in the Forestry Commission in order to establish an integrated database on the timber
properties of British softwoods. This has required tuking some additional measurements not
required for the actual project but which enhance the value of the data obtained.

Keywords:
Sitka, spruce, wind, exposure, slope, growth, mechanical properties, wood quality
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VILLAR, Beatriz

Spanish

Host Institution Fellowship data

Fisiologia y Biotecnologia Vegetal .

Facultad de Ciencias Ca‘e‘%"fy- RT

Universidad de Vigo Starting date: 01/10/1998

36201 Vigo Duration: 12 months

Spain Contract number: FAIR-CT98-5056

Tel: +34 986 812595
Fax: +34 986 812556

Scientific supervisor
GALLEGQO, Pedro

Regeneration and micropropagation of transgenic “Fucalyptus globulus” plants

Objectives:

In the framework of plant biotechnology, the project was a continuation of a previous project
started in 1996, the purpose of which was to use genetic engineering techniques for improving
Eucalvptus globulus — a woody species extensively grown in southern Europe for paper pulp
production. The main objective of this study was the final optimisation of an in planta
procedure for transferring genes into Eucalyptus globulus adult clonal material and to study
the regeneration of the transformed plants.

Summary of achievements:
Results indicated that it was possible to obtain (first time) stable transformation efficiency of
up to 40% for the selected clone when the following parameters were established:

o  Explant preculture of three weeks in the R7 medium with dark/photoperiod combination;

e Agrobacterium culture in liquid LB medium in the presence of acetosyringone and
proline:

e Agrobacterium resuspension in liquid MS medium with 2.4-D in the presence also of
acetosyringone and proline;

e Transformation by wounding/infection technique of sonication 60 s followed by
infiltration five minutes under electric pump;

e The use of a solid co-culture R7 medium in presence of acetosyringone.

The histochemical analysis showed that leaves, shoots and meristems expressed uidA gene at
transient level, whereas mostly leaves expressed the gene 45 days after transformation. In
order to be able to regenerate plants through adventitious organogenesis from the transformed
tissues, 18 different media, containing higher cytokinins (BA, CPPU, TDZ) and lower auxins
(NAA) concentrations, were tested initially on non-transformed leaves. From successive
experiments, it was possible to establish a regeneration medium that, containing TDZ at 1
mg/l and BAP at 2 mg/l, obtained the lowest necrosed explants, the highest percentage of
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explants producing buds and the highest percentage of buds producing shoots. The new shoots
were able to develop normally and grow from the new buds when micropropagation
conditions were established. :

The results indicated the availability of the selected material to be transformed and
regenerated by using the developed procedures. thus successfully satisfying the main
objective of the project.

Keywords: .
Eucalyprus globulus, regeneration, transformatrion, explant, micropropagation.

Main Publications/Patents/Participation in conferences:

B. Villar, J. J. Oller, C. Teuiieres, A. M. Boudet, P. P. Gallego (2000) In planta
transformation of adult clones of Eucalyprus globulus using a hypervirulent Agrobacterium
strain — Applications of biotechnology to forest genetics, 297-306.

B. Villar, J. I. Oller, C. Teulieres, A. M. Boudet. P. P. Gallego (1999) Optimisation of a
genetic transformation method for Eucalyptus globulus by Agrobacterium tumefuciens”™ —
International Symposium on Plant genetic Engineering. La Habana, Cuba.
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ZOUNOS, Athanassios
07/03/1968. Greek
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Uni\"ersily of Aberdeen Category: 20

Department of Zoology e ) /10
Tillydrone Avenue Contract signed: ~ 02/02/1996
Aberdeen ABY 2TN Duration: 36 months

United Kingdom Contract number: FAIR-CT96-5014

Tel: +44 1224 272883
Fax: +44 1224 272396

Scientific supervisor
MORDUE, Anne

Product formation in tissue cultures of neem (Azadirachta indica) for the
control of insect pests

Objectives:
This project evaluates the potential of neem tissue cultures to produce azadirachtin and other
bioactive compounds on a year round basis for the control of insect pests.

Summary of achievements:

Characterisation and growth and product formation in scaled up cultures of neem hairy roots
has been successfully achieved. Thus in 21 flasks. the exponential growth phase lasted three
weeks with a doubling biomass time of 0.95 weeks. This is faster than for the cultures grown
in 250 ml flasks where td was 1.02 weeks. Azadirachtin peaked at the end of the exponential
growth of the cultures which occurred at three weeks of culture with a yield of 0.0043 mg per
g of dry weight (mg/gDW). This yield of azadirachtin per unit biomass is lower than in 250
ml flasks but if the rate of growth is taken into consideration in terms of the increased biomass
and the decreased culture time in the 2I. flasks then the resultant yield is higher in the scaled
up culture system than the 250 ml flasks system (0.0095 mg/gDW/week and 0.007
mg/gDW/wecek respectively).

The development of improved high performance liquid chromatographic (HPLC) methods
(water and acetonitrile as system solvents gradient) allowed good separation of the different
compounds throughout the chromatographic run except for azadirachtin and 3-
tigloylazadirachtol which co-eluted. To overcome this problem isocratic HPLC conditions
were applied with water and acetonitrile as solvent eluents at 57% water enabling efficient
quantification of both azadirachtin and 3-tigloylazadirachtol.

Six week old hairy root cultures (grown in 250 ml tlasks) were fractionated using HPLC with
fractions ranging from polar (F 1) to non polar compounds (F5) and individual fractions were
tested for antifeedancy against the desert locust. High antifeedancy levels were observed in
fractions (F) 2. 3 and 4 whilst F | and F5 were not significantly antifeedant. Interestingly F3
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did not contain any of the well known neem chemicals while F2 contained azadirachtin and 3-
tigloylazadiractol and F4 nimbin and salannin. Further fractionation of the 173 indicated that
the bioactive molecules were eluted during the second and third minutes of the five minute
F3.

Studies of the effects of exogenously supplied auxins into the culture medium and C/N
concentration ratio on culture growth and azadirachtin production by the cultures are
presently undergoing extraction prior to HPLC analysis. In order to speed-up analysis an
additional HPLC system is being used which has the ability for continuous analysis.

Hairy root extracts were also tested for their potential to control the peach potato aphid on
oilseed rape plants in greenhouse experiments and data are presently subject to analysis.

Keywords:
azadirachtin, Nimbin, biomass, antifeedant

Main Publications/Patents/Participation in conferences:

Neem (Azadirachta indica) hairy root cultures for the production of environmentally sound
bioactive compounds with insecticidal properties. Participation and oral presentation of a talk
at the Phytochemical Society of Europe Symposium of Future Trends in Phytochemistry,
Rolduc (The Netherlands) 10-13 May 1998.

Bioactive compounds from neem tissue cultures and screening against insects. Participation
and poster presentation at the 9™ International Congress of Pesticide Chemistry, London (UK)
2-7 August 1998.

A.K Zounos, E.JJ Allan and A.J.Mordue (Luntz), Bioactive compounds from neem tissue
cultures and screening against insects, Pesticide Science, In Press.

Participation and poster presentation at the Zoology Research Day, Aberdeen (UK). 14"
December 1998.
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AURILIA, Vincenzo
23/10/1961, Italian
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Roweltt Research Institute
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Greenburn Road Starting date: 18/03/96
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Fax: +44 1224 716687

Scientific supervisor
FLINT, Harry

Potential for upgrading lignocellulosic material by treatment with enzyme
demand from rumen bacterial genes

Objectives:

The utilisation of lignocellulosic material in agricultural and industrial processes can be
enhanced by treatment with plant cell wall degrading enzymes. Cloned genes potentially
allow the production of specific enzymes with desirable properties economically and in large
quantities. Rumen bacteria are a source of plant cell wall degrading enzymes that could prove
particularly valuable for improving the digestibility of plant material by farm animals. Many
genes coding for these enzymes have been isolated from rumen bacteria in the host laboratory.
This project aims to examine the functional properties and potential applications of an unique
bifunctional hemicellulase, XynD, from Ruminococcus flavefaciens and to enhance
expression of the cloned XynD gene by introducing it into lactic acid bacteria. It is also
proposed to isolate further valuable genes that lie next to XynD in the bacterial chromosome.

Summary of achievements:

Initial work established that both bacteria produced inducible esterases when grown with
xylans as the energy source. Clones that express activity against model esterase substrates (ot-
napthyl acetate) were isolated from a R. fluvefaciens 17 DNA library. One clone has
subsequently been shown to encode an enzyme that can deacetylate acetylated plant xylans.

A second component of the project involved sequence analysis of a region of DNA
downstream from the xynD gene in R. flavefaciens, known to encode o-arabinosidase activity,
in order to locate genes coding for additional debranching activities. The gene most likely to
account for the o-arabinosidase activity is a family 3 glycoside hydrolase that may function
primarily as a B-(1,4)-xylosidase, although an adjacent ORF is also present that does match a
known database entry. The region downstream of xvuD has since been shown to encode a
gene cluster responsible for the utilisation of xylan breakdown products.
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Keywords:
Rumen. Ruminococcus, esterase, xylan. glycoside hydrolase. lignocellulose

Main Publications/Patents/Participation in conferences:

V. Aurilia, S. Ekinci, J., Martin, J. Kirby and H.J. Flint (1996) Organisation and expression of
plant cell wall polysaccharidase genes from the rumen cellulolytic bacterium Ruminococcus
favefaciens 12th European Meeting on Bacterial Gene Transfer and Expression Sienna, Italy,
4-7 September 1996

V. Aurilia, J. Kirby, J. Martin. S. El\mu and H.J. Flint (1997) Organisation of genes involved
in xylan utilisation and xylan debranching in the rumen cellulolytic bacterium Ruminococcus
Sfavefaciens International Meeting on Evolution of the Rumen Microbial Ecosystem Aberdeen,
Scotland, 20-21 March 1997.

V. Aurilia. J. Kirby, J. Martin and H.J. Flint (1996) Molecular Biology of plant cell wall
degrading enzyme systems in Ruminococcus flavefaciens 137" Meeting SGM-Society for
General Microbiology Edinburgh 24-27 March 1997.

Links with EC projects:
FAIR-CT97-5007 (p. 49)

50 FAIR: Marie Curic Research Training Grants (1994-1998)



2 Scaling-up methodologies

JUGE, Nathalie
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Norwich Research Park Starting date: 13/05/1996
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Scientific supervisor
WILLIAMSON, Gary

Modification of the specificity of starch-degrading enzymes by genetic fusions
with the starch binding domain of glucoamylase

Objectives:

Starch from cereal seeds is the raw material for industries that produce ethanol and mono-and
oligosaccharide syrups and a myriad of derived products. Starch comprises two major
components: amylose (mainly otl4-linked D-glucose residues) and amylopectin (containing
both ol4- and al6-linked D-glucose residues). The relative content of amylose and
amylopectin in starch varies with the source. Due to the importance of starch, its breakdown
sugars and subsequently derived products, cereal seeds are some of the most important
agriculture products in the world and starch degrading enzymes are among the most important
enzymes.

Glucoamylase and o-amylase are widely used in industrial applications, e.g. for the
production of glucose and various alcoholic beverages. The glucoamylase has a strong ability
to digest raw starch and the o-amylase synergistically enhances the digestion with
glucoamylase.

The aim of this project is to enhance activity and binding of barley a-amylase on insoluble
starch by fusion of the glucoamylase starch binding domain (SBD) from A. niger to the C-
terminal end of the protein. This work involves the construction of the AMY1-SBD gene by
genetic engineering, cloning of the fusion gene as well as the AMY1 ¢DNA in an expression
vector and transformation in a heterologous organism. production and purification of the
corresponding recombinant proteins and biochemical characterisation of the purified
enzymes.

Summary of achievements:

An in-frame fusion of the entire barley o-amylase 1 isozyme (AMY 1) encoding sequence to
the 3' end of the A. niger glucoamylase region coding for the starch binding domain via the
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full length glucoamylase linker was made by overlap extension PCR. The resulting fusion
gene as well as the cDNA encoding AMY | isozyme have been expressed in A. niger under
the control of the A. nidulans glyceraldehyde-3-phosphate dehydrogenase promoter.

Both recombinant AMY1 and AMY 1-SBD were effectively secreted in A. niger when using
the AMY1 native signal sequence. Polyclonal antibodies, raised against barley o-amylase 2
isozyme and cross-reacting with AMY 1, recognised the recombinant AMY 1 as well as the
AMY 1-SBD fusion protein. The N-terminal sequence of recombinant AMY | and AMY1-
SBD. His-Gln-Val-Leu-Phe, was identical to that of AMY1 from malt, indicating native-like
processing of AMY | signal sequence in A. niger.

Both recombinant enzymes were then purified to homogeneity from the culture supernatant
by a two-step process involving affinity chromatography followed by ion exchange
chromatography, allowing further biochemical characterisation.

The purified recombinant AMY1 is structurally identical to the mature malt protein according
to the following criteria N-terminal amino acid sequence. electrophoretic mobility,
immunoreactivity, ESMS. Furthermore the recombinant and native barley o-amylases
closely- resembled each other in terms of enzymatic activity on insoluble and soluble starch
as well as on 2-chloro-4-nitrophenol B-D-maltoheptaoside. The purified recombinant fusion
protein and reAMY | displays the same specific activity on pPNPG7 and potato soluble starch.

Genetic engineering allowed the production of an active fusion protein between barley a-
amylase and the starch binding domain of A. niger glucoamylase. Further characterisation of
the fusion protein in terms of activity and binding oil insoluble corn starch is under
investigation.

Keywords:
Starch, glucoamylase. amylase, cereals. genetic engineering
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HACK, Catherine
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Scientific supervisor
POSTEN, Clemens

Simulation of oxygen gradients in a poorly mixed ethanol fermentation:
modelling and experimental design of scale-up through a series of STRs

Objectives:

A thermotolerant yeast from soil samples obtained from a distitlery in India has been isolated.
The yeast strain designated Kluyveromyces marxianus var. marxianus IMB3 was capable of
growth and ethanol production at temperatures between 25-48°C. K. marxianus is a
facultative anaerobe i.e. it can metabolise glucose in the absence of oxygen to ethanol and
carbon dioxide. It has been classified as a respiratory yeast as under aerobic conditions less
than 30% of the glucose metabolised is converted to ethanol. This is compared with
fermentative yeast i.e. Saccharomyces spp. in which over 90% of glucose is converted to
ethanol. Anaerobic conditions are therefore required for a high specific ethanol production,
however growth can not be sustained under anaerobic conditions. This led to a low biomass
concentration in the fermenter during continuous fermentation and consequently a low ethanol
productivity (13 ml/l.hour).

The objectives of the project were to:

¢ Confirm the results obtained elsewhere, in particular, to check carbon balances and by-
product formation with analytical equipment available at the research institution.

e The effect of scale-up on oxygen distribution in poorly mixed fermentation vessels.

o The effect of changes in oxygen transfer rates on ethanol productivity, growth and
cthanol yield.

¢ Simulation of plug flow through poorly mixed fermentation vessels using a series of
small STRs.

Summary of achievements:

The results obtained showed that high specific ethanol productivity of Kluyveromvces
marxianus can be achieved during aerobic growth by intermittently switching the specific
oxygen uptake, qOpX levels to zero. This switch did not significantly affect the growth rate.
Ethanol production is also seen at high specific growth rates under aerobic conditions.
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Using STRs in series to simulate plug flow through the reactor yielded some interesting
results but the method in itself is complicated due to a number of factors. These include the
requirement to incorporate cell recycle in order to simulate back-mixing and the increased
complexity of measurement and analysis of data.

It was also found that glycerol was the major by-product during aerobic and anaerobic
conditions. The carbon balance also suggested that a second or more by-product was also
formed. ’

Keywords:
Kluyveromyces marxianus, yeast, ethanol, fermentation, oxygen, simulation

Main Publications/Patents/Participation in conferences:

C.J. Hack, M.P. Keogh, D. Singh. and R. Marchant (1995) Fermentation characteristics of a
thermotolerant yeast Kluvveromyces marxianus var. marxianus. J. Tech. Biotech.

C.J. Hack, W.S. McClean and R. Marchant (1994) The use of oxygen uptake rates to optimise
air feed rate to a continuous ethanol fermentation. Prehrambeno-technol. Biotechnol. Rev.
32(4) 187-190.

C.J. Hack, ILM. Banat and R. Marchant (1994) Ethanol production by a strain of
Kluyveromyces marxianus var. marxianus at elevated temperatures in various bioreactor
configurations. Proceedings of Conference on Fermentation Physiology 2™ UK Congress of
Biotechnology 7-9.
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AURILIA, Vincenzo
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Scientific supervisor
FLINT. Harry

Roles and potential uses of genes from rumen bacteria concerned with the
degradation and utilisation of lignocellulose

Objectives:
This project set out to isolate genes encoding xylan debranching activities from the rumen
bacteria Ruminococcus flavefaciens and Prevotella ruminicola.

Summary of achievements:

The utilisation of lignocellulosic material in agricultural processes can be enhanced by
appropriate treatment with plant cell wall degrading enzymes. Rumen bacteria are a source of
plant cell wall degrading enzymes that could prove particularly valuable for improving the
digestibility of plant material by farm animals.

Cloned genes potentially allow the production of specific enzymes with desirable properties
cconomically and in large quantities, while also providing important basic information on the
degradative enzyme systems of these bacteria. Many genes coding for xylan degrading
activities have now been isolated from rumen bacteria in the host laboratory, including
putative xylan debranching activities.

This proposal aims first to establish the role and potential for application of an acetyl esterase
gene from the rumen anaerobe Ruminococcus flavefaciens while also screening for genes for
further debranching activities. Secondly it is proposed to investigate the structure, regulation
and strain distribution of an unique gene cluster concerned with xylan degradation and
utilisation in R. flavefaciens.

Keywords:
Rumen: Ruminococcus; esterase: xylan, glycoside hydrolase. lignocellulose
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Main Publications/Patents/Participation in conferences:

V. Aurilia, 8. Ekinci, J.. Martin, J. Kirby and H.J. Flint (1996) Organisation and expression of
plant cell wall polysaccharidase genes from the rumen cellulolytic bacterium Ruminococcus
flavefaciens 12th European Meeting on Bacterial Gene Transfer and Expression Sienna, Italy.
4-7 September 1996

V. Aurilia, J. Kirby, J. Martin, S. Ekinci and H.J. Flint (1997) Organisation of genes involved
in xylan utilisation and xylan debranching in the rumen cellulolytic bacterium Riuminococcus
flavefaciens International Meeting on Evolution of the Rumen Microbial Ecosystem Aberdeen,
Scotland, 20-21 March 1997.

V. Aurilia, J. Kirby, J. Martin and H.J. Flint (1997) Molecular Biology of plant cell wall
degrading enzyme systems in Ruminococcus flavefaciens 137 'Meeting SGM-Society for
General Microbiology Edinburgh 24-27 March 1997.

Links with EC projects:
FAIR-CT96-5016 (p. 55)
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Scientific supervisor
CLASSEN, Pieternel

Genetic modification of Clostridium acetobutylicum to improve ABE
fermentation

Objectives:

ABE fermentation stands for the anaerobic conversion of carbohydrates by strains of
Clostridium spp. into acetone, butanol and ethanol (ABE). This process was one of the first
large-scale industrial fermentations to be developed, but was stopped in the 1960s due to its
inability to compete economically with the chemical synthesis of these solvents. However,
interest in the use of renewable resources as substrates for the production of chemicals and
developments in the field of biotechnology have revived interest in this process. The main
factor that hampers the economic viability of the ABE fermentation is the high price of the
carbohydrate substrates needed. Genetic research aimed at the development of strains able to
use cheap cellulosic substrates (i.e. agricultural wastes) is seen as a way to make this process
economically viable. The main enzymes involved in microbial cellulose degradation can be
classified as exo- and endo-glucanases. Most of the soventogenic clostridial strains show
production of endoglucanases, but cannot grow on cellulose as sole carbon source, indicating
a possible lack in exoglucanase enzymes. Within this project, the use of lignocellulosic
substrates for ABE fermentation and the cloning and expression of exo-glucanase genes from
cellulolytic organisms in selected clostridial strains is being studied.

[n the work programme, detailed in the grant proposal, the task for the first year was to extend
the substrate range of solventogenic Clostridia by transforming the strains with cellulase
genes from other organisms and study expression of these genes. During the second year of
the project. attention should be given to the suppression of degenerative changes and autolysis
in solventogenic clostridia.

Summary of achievements:

The growth and solvent production of clostridial strains on Domestic Organic Waste (DOW)
has been studied. The DOW was collected from a number of houses in Wageningen (The
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Netherlands). The collected material was treated by extrusion in order expand the
(hemi)cellulose fibres present so they are more accessible to the attack of cellulolytic
enzymes. The extruded material was analysed for solvent- and hot water extractives. lignin,
pectin, sugars and ash composition. A solution of 109% (w/v) DOW in demineralised water
was used as medium for fermentation. All strains tested grew and produced solvents on this
medium. The utilisation of the polymeric sugars present in the DOW by the bacteria has been
determined.

In order to optimise a transformation method for strains different vectors have been tested.
Best results were obtained with the pAMP 1 derivative plasmid pIL.253. The above
mentioned strains have been transformed with the plasmids pGh9 and pGh9:1SS1. which
contain a thermo-sensitive replicon derived from the one of plasmid pGK12.

The cellulase gene celD from the fungus Neocallimastix patriciarum has been cloned in an
expression secretion cassette containing the promoter and signal peptide sequence of the eglA
gene from C. acetoburylicum NCP262. C. beijerinckii NCIMB 8052 has been transformed
with this construct and the transformants obtained analysed.

Recently, the genome of the strain ATCC 824 has been sequenced. Surprisingly. in the
chromosome of this strain the whole set of genes coding for enzymes involved in cellulose
degradation appears to be present. In particular, an operon containing two putative cellulose
binding protein genes, four putative endo-glucanase genes and two putative exo-glucanase
genes are present. It is not known if this operon is expressed or if the cellulase genes present
in it code for active enzymes. Therefore, one of the putative endo-glucanase genes and one
gene coding for a putative exo-glucanase have been cloned in E. coli, and their activity on
different celulosic substrates has been tested.

Keywords: .
Genetic modification. Clostridium acetobutvlicum, ABE fermentation. acetone, butanol,
ethanol, carbohydrate. endo-glucanase. exo-glucanase

Main Publications/Patents/Participation in conferences:

A.M. Lopez-Contreras A.M., P.AM. Claassen., H. Mooibroek and W.M. De Vos (1998)
Improvement of the ABE (Acetone-Butanol-Ethanol) Fermentation. 7th Netherlands
Biotechnology Congress. De Reehorst Congress Centre, Ede. The Netherlands. March 12-13.
A.M. Lopez-Contreras. P.AM. Claassen., H. Mooibroek and W.M. De Vos (1998)
Improvement of the Cellulolytic Properties of Solventogenic Clostridia. Clostridium V: Fifth
International Workshop on the Regulation. Genetics and Development of the Solvent- and
Acid -forming Clostridia. Toulouse, France, June 25-27.
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Scientific supervisor
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Biofinishing and enzymatic modification of bast fibres

Objectives:
The objectives of this project are twofold:

e To gain a better understanding of the composition and juxtaposition of specific
components of tlax fibres, i.e. pectins and hemicelluloses;
*  To treat tlax fibres enzymatically in order to optimise isolation of pure cellulosic fibres.

Summary of achievements:
The main conclusions from the project are:

* The sequential extractions of retted and non-retted fibres demonstrated difterences in
their content of rhamnogalacturonans, arabinans and xylans.
e Analysis of molecular weights of the extracts demonstrated the most significant
differences were in the pectin extraction and in the xylan containing |M KOH extraction.
* Initial low dose enzyme treatments of the fibres demonstrated that:
¢ cndoglucanases solubilised the most material including pectins;
e mannanase treatment was specific for galactoglucomannans;
¢ xylanase treatment solubilised small amounts of xylan; and
e mannanase treatment of processed fibres solubilised approximately 10% of mannan
and 20% of glactose.
*  Enzyme action on fibres is a surface phenomenon and access to components beyond the
surface is limited without any prior opening or loosening of the fibre structure.
¢ More enzyme treatments are needed on processed fibres in order to optimise conditions
for the selective removal of non-cellulosic polymers.

Keywords:
Biofinishing, flax. textile fibres. hemp, pectin, oxidative enzymes, mannanase, hydrolytic

enzymes, treatment, xylanase, dyeability, crease resistance
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Main Publications/Patents/Participation in conferences:

Mooney, C.A., Manstield, S.D., Tuohy, M.G.. Saddler. J.N. 1998. The effect of initial pore
volume and lignin content on the enzymatic hydrolysis of softwoods. Bioresource Technology
64: 113-119

Mooney, C.A., Mansfield, S.D., Beatson, R.P., Saddler, J.N. The effect of fibre characteristics
on hydrolysis and cellulase accessibility to softwood substrates. Enzyme and Microbial
Technology (submitted)

Mooney. C.A., Mansfield, S.D., Saddler. J.N. Substrate and enzyme characteristics that limit
hydrolysis — a review. Biotechnology progress (submirted)
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VESA, Tuula
Finnish
: \Fellowship data
Host Institution ICategory: 20
lNSERM . ) . Starting date: 01/02/96
Fonctions Intestinales, Métabolisme et Nutrition Duration: 24 months
107 b""j.rue du Faubourg, Contract number: FAIR-CT96-5015
St Denis
75010 Paris
France

Tel: +33 1 45232407
Fax: +33 1 47702835

Scientific supervisor
MARTEAU. Philippe

Ways of decreasing symptoms of lactose intolerance

Objectives:

Lactose intolerance concerns the majority of the world’s adult population and may cause a
severe health hazard for children, especially in the third world. The objective was to explore
different possibilities of modifying the biochemical properties, texture and composition of
milk products, in order to develop products suitable for lactose maldigesters. Knowledge
concerning the properties of milk and milk products is vital to the dairy industry in order to
develop products for groups of consumers with specific needs.

Summary of achievements:
The research assessed the effects of varying 1) bacterial 3-galactosidase of fermented milk 2)
viscosity of milk, and 3) energy content of milk in lactose digestion and tolerance.

Digestion and tolerance of 18g lactose, ingested in the form of yoghurt with high bacterial 8-
galactosidase content and in two fermented milks with low and moderate bacterial 8-
galactosidase was studied in 15 lactose maldigesters. The products were well tolerated and
lactose digestion did not vary between the products. Lactose maldigestion, calculated from the
area under the curve breath H, excretion compared with lactulose, was 18% for yoghurt and
21% for the two other milks. The good digestion and tolerance of these products was
suggested to be due to their semi-solid consistency which slows down gastric emptying.

To study the effect of milk consistency on lactose digestion and the possibility of improving
the digestibility of therapeutic milk used in nutrition rehabilitation in developing countries,
the viscosity of the therapeutic milk was increased with rice starch, and the gastric emptying
of 18 g lactose and its digestion and tolerance in 13 lactose maldigesters was assessed.
Despite a remarkable increase in the milk viscosity, gastric emptying and digestion and
tolerance of lactose were not altered. The milk chosen for this study contained twice as much
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energy as regular milk, and it was hypothesised that the high energy content resulted in slow
gastric emptying, which could not be slowed down any further with viscosity.

To examine the role of energy content of milk on digestion and tolerance of lactose, gastric
emptying and digestion of 18 g lactose from high-energy milk and regular half skimmed milk
in 11 lactose maldigesters was compared. Gastric emptying was significantly slower after half
skimmed milk than after' high energy milk, but there was only a trend towards a better
digestion of lactose, determined from the area under the curve breath H, excretion. with no
difference in the tolerance between milks.

The results of these three works indicate that neither the viscosity nor the B-galactosidase
content of milk is of concern to lactose maldigesters, and the weak improvement of lactose
digestion from high energy milk does not support the hypothetical benefit of replacing low-fat
milk by full fat milk for lactose intolerant subjects.

Keywords:
Maldigesters, Lactose, Digestion, Gastric Emptying

Main Publications/Patents/Participation in conferences:

T.H. Vesa, P. Marteau, S. Zidi, F. Briet, P. Pochart, J.C. Rambaud (/1 press) Digestion and
tolerance of lactose from yoghurt and different semi-solid fermented dairy products
containing Lactobacillus acidophilus and bifidobacteria in lactose maldigesters. Am J Clin
Nutr.

T.H. Vesa, P. Marteau, F.B. Briet, B. Flourié, A. Briend, J.C. Rambaud (/n press) Effects of
milk viscosity on gastric emptying and lactose tolerance in lactose maldigesters. Am J Clin
Nutr.
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MOUNTZOURIS, Konstantinos

04/02/1969, Greek

Host Institution Fellowship data

University of Reading . ) 5

Department of Food Science and Technology C‘“efe"”y' ) 20

Whiteknights Starting date: 31/06/1996

PO Box 226 Duration: 36 months
Reading RG6 2AP Contract number: FAIR-CT96-5022

United Kingdom
Tel: +44 1734 875123
Fax: +44 1734 310080

Scientific supervisor
RASTALL, Robert

Novel technological approaches to functional sweeteners

Objectives:

The project will attempt to establish an enzyme technology-based approach to the synthesis of
dextran syrups from starch. The project will use immobilised amylase and dextrin dextranase
in bioreactors to continuously prepare the syrups. The performance of these reactors will be
characterised and optimised. Once produced, these syrups will be characterised for their
probiotic effects on intestinal microflora. Their physical properties relating to sweet taste will
also be investigated.

Sununary of achievements:

Following the work of the first year, stock culture suspensions were prepared by mixing three
appropriate cell cultures and dispensing the mix in glycerol, followed by storage without
freezing at -20°C for later use as inocula. The cell cultures were generated from the master G.
oxvdans NCIB 4943 culture, utilising complex media consisting of 0.2% glucose and 0.5%
yeast extract, in order to generate a "healthier” biomass. The cultures were harvested at 24h
when a maximum average ODjq of 0.857 was obtained, with an average cell concentration of
3.6x 10" cfu/ml.

Two substrates were screened for their suitability regarding dextran production and ease of
separation from the dextran. Application of ultrafiltration methods for separation of residual
substrate from the dextran polysaccharide was considered as a promising approach compared
with the traditional ethanol precipitation techniques, which were also used in this study. A
commercial spray dried maltodextrin (DE 20) was found to be an appropriate substrate. In
addition. rheological measurements of various culture broths of G. oxydans grown on the
above substrate at 2, 5 and 10% (w/v) concentrations generated interesting preliminary data
for the use of rheometry in the investigation regarding the amount and type of polysaccharide
produced.
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Until a suitable procedure for dextran production is established, industrial grade dextran has
been employed to investigate the rapes of oligodextrans that could be generated via a
biochemical depolymerisation process using endo-dextranase and membrane reactors. The
first stage of this investigation using a stirred cell membrane reactor has been successfully
accomplished and three types of oligodextrans have been produced. The process has been
modelled statistically using response surface methodology, and empirical models have been
generated that relate product characteristics to enzyme concentration, substrate concentration
and transmembrane pressures. In addition. the above three types of oligodextrans have been
tested for their potential as prebiotics in collaboration with the Institute of Food Research.
These screening results indicated a close similarity to the results obtained from fructo-
oligosaccharides (FOS), used as controls in the investigation.

Keywords:
Sweeteners, cell cultures, substrates

Main Publications/Patents/Participation in conferences:

K.C. Mountzouris, S.G. Gilmour. A.S. Grandison, R.A. and Rastall (1998) Modelling of
oligodextran production in an ultafiltration stirred cell membrane reactor. Enzyme Microbial
Technology, 1/93.
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VAN DER POLS, Jolieke

Dutch

Host Institution Fellowship data

Medical Research Council

Dunn Clinical Nutrition Centre Calegory:. 20

Dunn Nutritional Laboratory Contract signed:  12/07/1996

Hills Road Duration: 36 months

CB4 1XJ Cambridge Contract number: FAIR-CT96-5033

United Kingdom
Tel: +44 1223 426356
Fax: +44 1223 426617

Scientific supervisor
BATES. Christopher

A study on age-related eye disease and hyperhomocysteinaemia in British
elderly

Objectives:

The project aimed to study age-related eye disease and hyperhomocysteinaemia (an indicator
of increased heart disease risk) in British elederly. The British National Dietary and Nutrition
Survey in Elderly (NDNS) will provide a wide range of information on the diet, nutrition and
biomedical status of a representative sample of British elderly.

This information will be linked to the results of additional measurements of visual acuity,
cataract and macular degeneration and plasma homocysteine levels. The prevalence of
degenerative eye disease and hyperhomocysteinaemia, and their potential relationship with
diet and biochemical status was studied. The NDNS in combination with the added
measurements will provide data of great value for further study of two common health
problems of elderly in Europe, which have not yet been investigated to a satisfactory extent.

Summary of achievements:

All activities carried out for The Survey of Nutrition and the Eye in British Elderly (SNEBE)
aimed at collecting information on the eye status of participants of the National Diet and
Nutrition Survey: People Aged 65 Years Or Over (NDNS), and the linkage of SNEBE and
NDNS data for analysis.

At the start of the SNEBE study, all NDNS data and subject details were made available.
Applications for ethical approval and the organisation of eye examinations was carried out at
the MRC Dunn Nutrition Unit. A total of 61 applications to Local Research Ethics
Committee's were carried out. Activities related to subject participation included: updating of
subject details, informing GPs and head of institution, invitation of and making appointments
with subjects and reporting of examination findings to the subjects.
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Visual acuity was measured in the NDNS participants during a visit by a nurse at the subjects’
home. Visual acuity was measured at three metres distance by using the Glasgow Acuity Card
method. To ensure refractive correction, measurements were made with and without glasses
(if normally worn) and with and without pin-hole occluder. Results of these measurements
were linked with nutritional indices available from the survey, showing significant
relationships between visual acuity and plasma levels of vitamin C and zinc and dietary fibre
intake, after correction for confounding variables in a multivariate model.

Total plasma homocysteine (tHCY) was mcasured in 972 participants of the NDNS. Cross-
sectional relationships between tHcy and diet and health were investigated. Relationships
were identified between tHcy and plasma nutrient levels and acute phase indicators. folate
intake, vascular disease indicators, age, domicile and geographical area.

Keywords:
eye disease, hyperhomocysteinaemia, elderly, United Kingdom, homocysteine, diet, survey

Main Publications/Patents/Participation in conferences:

Bates. C.J., Mansoor, M.A... van der Pols, J.. Prentice. A., Finch, S. 1997 Plasma total
homocysteine in a representative sample of 972 British men and women aged 65 and over.
European Journal of Clinical Nutrition. 51: 691-697.

Two presentations given at the British Nutrition Society Summer Meeting, Newcastle. 1997
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Scientific supervisor
GIL HERNANDEZ. Angel

Effect of dietary nucleotides on the modulation of genetic expression of
fibrogenesis markers

Objectives:

Liver stellate cells (LSC) play a key role in hepatic fibrogenesis. Under the influence of
inflammatory stimuli, they are transformed to myofibroblast-like cells. This process is
mediated by cytokines and growth factors, such as TGF-b and PDGF.

The group has recently reported that deprivation of dietary nucleotides results in a transient
decrease in acid soluble nucleotides and RNA content in rat liver as well as in a protein
decreased synthesis rate. In addition, dietary nucleotides improve liver structural recovery and
binuclearity in experimental cirrhosis induced by thioacetamide. In that model, dietary
nucleotides led to a lower number of stellate cells to a lower collagen deposition. But very
little is known about the possible role of nucleosides on the modulation of cells growth and
proliferative response of LSC under culture conditions.

In this work. the effect of some nucleosides (individual and mixtures) and/or some growth
factors (EGF. TGFa, TGFb, PDGF) on the proliferative processes of the LSC and the
potential effect of cytotoxicity was studied. We have cultured the cells in the presence and
absence of nucleosides and/or growth factors. in two different experimental designs. We have
analysed the protein, DNA and RNA contents, the synthesis of DNA and the cellular
cytotoxicity/viability.

Summary of achievements:

With the experimental design A, using 10% FBS, a culture condition of LSC the most similar
to the one in vivo was established. The results obtained could indicate that the nucleosides and
the growth factors did not induce significant changes on the proliferation markers of LSC
analysed. However. the proliferation results, using the experimental design B. showed that the
DNA synthesis was significantly modulated by the different growth factors. The different
results found in both experimental designs suggest that the high concentration of fetal bovine
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serum (100) in the culture medium (experimental design A) may minimise the potential effect
of the growth factors and the nucleosides on the proliferation processes of LSC.

Preliminary assays by Northern blot and Western blot showed that the nucleosides maybe
involved in the regulation of the mRNA expression of some components of the extracellular
matrix such as fibronectin. laminin, collagen I and I1I and TIMPs.

In conclusion, the_nucleosides may not modulate the proliferation processes of the LSC. but
could regulate the expression of some proteins linked to fibrogenesis.

Keywords:
Nucleosides, fibrogenesis, hepatic stellate cells, hepatocytes, proliferation, differentiation

Main Publications/Patents/Participation in conferences:

19" Espen Congress, Amsterdam The Netherlands, 21 August — 3 September 1997

XV Congreso Nacional de la Sociedad Espaiiola de Nutricién Parenteral y Enteral. Alicante,
Spain, 13 =15 June 1998

FEBS'98, Copenhagen, Denmark, 5 =10 July 1998
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VAHTERISTO, Liisa Talvikki
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Institute of Food Research
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Norwich Laboratory Contract signed:  18/12/1996
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Scientific supervisor
FINGLAS. Paul

Kinetic investigation of folate absorption using stable isotopes

Objectives:

The aim of this project was to assist in the establishment of a dual-label stable isotope
technique to investigate the kinetics of folate absorption and clearance from plasma in
humans.

Summary of achievements:

The following were optimised: blood-sampling times. does of stable isotopes and analytical
methodology (GC-MS/MS method for determining various labels in plasma and urine
samples).

The results from this project were used to design a larger study where the relative absorption
of folic acid given as a supplement, and in two fortified foods, was measured in a group of
women. The results from this work will provide a more reliable basis for the formulation of
dietary recommendations for folate requirements.

Keywords:
folates, folic acid, food, absorption, metabolism, humans, stable isotopes, mass spectrometry

Main Publications/Patents/Participation in conferences:

M. L. Ovaskainen, L. Vahteristo (1997) Folate data in Finnish food composition tables —
COST 99: Food Consumption and Composition, Workshop on Folic Acid Data in Food
Tables, 18-20" April 1997, Norwich, UK (invited talk).

C. Witthoft, P. M. Finglas, L. Vahteristo et al. (1997) Bioavailability of folates using stable
isotopes — Bioavailability 97, 25-28" May 1997, Wageningen, Netherlands (invited talk).

P. Maunder, P. M. Finglas, A. I. Mallet, F. Mellon, M. A. Razzaque, B. Ridge. L. Vahteristo,
C. Witthoft The synthesis of folic multiply labelled with stable isotopes for bioavailability
studies in human nutrition — Chemistry and Biology of Pteridines and Folates, Blackwell
Science, pp. 77-80 (poster presentation).
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S. Ruggeri, L. Vahteristo, P. M. Finglas et al. (1997) HPLC determination of folate vitamers
in food and Italian reference diet — Poster Presentation at 22™ Congress of Chromatography.
September 1997, Rome, Italy.

Folic acid — A new protective vitamin with functional food potentials — 11™ March 1998,
Agricultural University of Uppsala. Sweden (invited talk).
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Scientific supervisor
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In-vitro antioxidant activity of selected foods

Objectives:

There is considerable evidence for a role for the antioxidant constituents of fruit, vegetables,
beverages and grains namely, vitamin E, vitamin C and the carotenoids in the maintenance of
health and protection from chronic diseases, especially coronary heart disease. certain cancers
and age-related cataracts.

Recent epidemiological observations have demonstrated that the dietary polyphenols,
especially flavonoids, that occur ubiquitously in plants, could contribute to the protective
effect. Flavonoids, because of their structure and favourable reduction potential of their
phenoxyl radicals. may act as efficient antioxidants. Even though the structure-antioxidant
activity relationships of pure substances has been determined, information on the total
antioxidant activity of more complex matrices such as beverages, fruit and vegetables is still
lacking.

The aim of this project was to establish procedures and to adapt current methods in order to
evaluate the total antioxidant capacity of fruit, vegetables and beverages as they occur in the
human diet. In particular, the research project involved the assessment of antioxidant activity
(both in aqueous and lipophilic-phases) of extracts obtained from different foods.

The project was essentially divided into two components. The first was the establishment and
validation of a new method for assessing the total antioxidant status of fruit, vegetables,
beverages and oils. The applicability of the method, in comparison with previous and other
established methods, has been validated in relation to a variety of antioxidants - especially,
flavonoids, hydroxycinnamates and phenolics, rich constituents of the Mediterranean diet, and
in relation to plasma antioxidants.
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The second component was applying this method to screening the relative antioxidant
activities of a range of olive oils in relation to their vitamin E and phenolic contents.

Summary of achievements:

Results demonstrate that the decolourisation of the ABTS™ radical cation is an efficient,
accurate assay for screening the antioxidant activities of lipophilic substances and tfood
extracts. The inhibitory response of the radical cation is proportional to the antioxidant
concentration, and the time points selected 92.5 min) for the analysis demonstrates that this
can be an ideal measuring point when the reaction is complete. Results for the carotenoids are
of the same order as previously reported data using alternative systems for generating the
ABTS™ radical cation.

Interestingly, the antioxidant activity of the aqueous methanolic extract in this variety of
tomatoes, rich in flavonoids and phenolics, is three times that of the lipophilic extract to
which the carotenoids contribute. Clearly the relative proportions as well as the individual
contributions will vary for different varieties and different origins.

Keywords:
antioxidant, food. vegetable. beverage, grains, vitamin E. vitamin C, carotenoid, coronary
heart disease, cancer, age-related cataracts

Main Publications/Patents/Participation in conferences:

N. Pellegrini, R. Re, M. Yang, C. Rice-Evans (1999) Screening of dietary carotenoids and
carotenoid-rich  fruit extracts for antioxidant activities applying 2,2"-azinobis(3-
ethylenebenzothiazoline-6-sulfonic acid radical decolourisation assay. Meth in Enzymol
299:379-389

16™ International Congress of Nutrition. 27 July —1 August 1999, Montreal Canada.
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