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PROGRAMA DE FORMACiÓN PARA LA INNOVACiÓN AGRARIA

1. Antecedentes Generales de la Propuesta

Nombre: Participación en la delegación chilena que asistió a la Feria Biotecnológica de
Hannover.

Código:

Nombre Postulante Individual: Una Razeto Olivares

Lugar de Formación (País, Región, Ciudad, Localidad): Alemania, ciudades de Berlin
(Potsdam), Hannover y Marburg.

Fecha de realización: Lunes 6 a Viernes 10 de octubre 2003

Objetivos de su participación en la actividad:
El objetivo general de mi participación fue obtener conocimientos acerca de innovaciones en
biotecnología, especialmente aquellas aplicables en el sector agroindustrial y conocer el
estado del arte de la biotecnología en Alemania.

Como objetivos específicos se planteó adquirir conocimientos en los siguientes ámbitos:

• Aplicaciones de la biotecnología en la producción de alimentos
• Nuevas tecnologías en el área medioambiental
• Estructuración de las políticas del gobierno alemán para fomentar el desarrollo de la

industria e investigaciones biotecnológicas.

Como objetivo adicional se presentó la búsqueda de proveedores de enzimas.
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2. Antecedentes Generales:

Biotechnica se ha erigido como una de las ferias más importantes que se realizan a nivel
mundial en el ámbito de la Biotecnología. Por otro lado Alemania se configura hoy y se
proyecta hacia el futuro como el país de la Unión Europea con más adelantos en el campo de
la Biotecnología, sea a nivel de investigación como a nivel de sus aplicaciones empresariales.
Es por ello que además de visitar la Feria se concertaron reuniones con actores relevantes
dentro del mismo ámbito de la Biotecnología Alemana

Las primeras actividades que se realizaron fueron en Potsdam - Rehbrücke, donde se
visitaron el Instituto Alemán de Nutrición Humana y el Instituto de Investigación del Trigo ,
donde además asistimos a una conferencia de la empresa Biopract. Desde mi punto de vista
fue la visita más interesante del viaje, pues estaba dirigida a mis áreas objetivo.

El Instituto Alemán de Nutrición Humana tiene la misión de mejorar la salud humana a través
de investigación básica y clínica en el campo de la nutrición, en particular los dos puntos
esenciales son:

• Estud iar el mecanismo de pato fisiologías causadas por desórdenes nutricionales, en
especial el síndrome metabólico y el cáncer.

• Determinar nuevos enfoques y definir una base científica para recomendaciones
nutricionales.

Este instituto fue fundado en 1992 por el Ministerio de Ciencias, Investigación y Cultura de
Brandenburg como una institución independiente con financiamiento compartido (privado y
público) y su presupuesto anual es de 9.8 millones de euros . Consta de 8 departamentos y 2
grupos de investigación.
El Instituto de Investigación del Trigo realiza investigación con aplicaciones industriales, por
lo que está muy ligado a la empresa privada. Su presupuesto anual es de 5 millones de euros
y su financiamiento es compartido (3% Ministerio de Agricultura, 50% privado, 47% licitaciones
públicas o proyectos concursables). Este instituto tiene competencia y experiencia en
procesamiento de alimentos, agricultura y biotecnología; su misión es la de investigar y
desarrollar tecnología de innovación transferible y aplicable a la producción. Por ejemplo, en
este instituto se desarrollan tecnologías para elaboración de productos de panificación,
productos dietéticos para ciertas enfermedades, uso de cereales para materiales técnicos, uso
de algas para alimentación, cosmética o biorremediación. Además funciona como laboratorio
acred itado de certificación de productos y procesos para empresas.
BIOPRACT es una empresa privada cuyas esferas principales son el desarrollo de producción
de enzimas y servicios medioambientales. Las enzimas industriales son desarrolladas en
laboratorios microbiológicos especializados según la necesidad de la empresa solicitante,
siendo las principales especies las lipasas, celulasas y fitasas. En cuanto a sus servicios
medioambientales desarrollan procedimientos para la limpieza o descontaminación de ciertos
medios. Principalmente mediante Biolift y Estimulación Biológica.

La presentación de estas tres entidades nos dio a conocer el estado del arte de una de las
principales regiones de Alemania, Potsdam/Berlín, en cuanto a biotecnología. Sin duda la
información que se nos entregó y la posibilidad de ver in situ el trabajo de los profesionales
dedicados a este tema nos dan una perspectiva diferente para afrontar los desafíos
empresariales e institucionales en cuanto al desarrollo de proyectos biotecnológicos en Chile .
Estas visitas nos permitieron entrever la sinergia positiva que surge de la relación entre la
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investigación y la empresa en Alemania sumadas al apoyo del Gobierno, pero sin duda
también nos enfrentó a una realidad nacional muy lejana a la europea, cuya brecha debemos
acortar.

La siguiente actividad fue la visita a la 138 Feria Biotecnológica de Hannover, BIOTECHNICA
2003. Con cerca de 200 expositores dirigí mi atención hacia aquellos que guardaban relación
con mis objetivos.
Presentaré a continuación la información de los stands que más me interesaron:

Institute of Microbio/ogy, Technical University Braunschweig. Es un importante Instituto
Tecnológico alemán, de carácter interdisciplinario, de nivel internacional y con altos estándares
científicos. Exponía Técnicas Biológicas para el Medioambiente, como la biorremediación.
Nadicom, empresa relativamente nueva, fundada a comienzos del 2002 por el Instituto Max
Planck para Microbiología Terrestre, en Marburg. Su principal servicio es detectar e identificar
microorganismos usando métodos de biología molecular. Además realizan investigación,
desarrollo y producción en temas como eco fisiología de muestras medioambientales,
modificación de cultivos de hongos o bacterias para optimizar ciertas transformaciones
bioquímicas, caracterización de genes en microorganismos, etc. También se dedican a la
educación, ofreciendo seminarios dirigidos a personal de laboratorios y a estudiantes
universitarios, y a consultorías en el campo de la microbiología
Chia Meei Health Biotechno/ogy, es una compañía de Taiwán especializada en la
producción de varios tipos de purés de frutas y vegetales, concentrados e ingredientes para
alimentos funcionales, como por ejemplo extractos botánicos estandarizados, extractos de
hierbas, de frutas y vegetales, series biocelulosas, etc. Lo interesante de esta empresa es que
potencia industrialmente tradiciones orientales en cuanto a alimentación preventiva
promoviéndolas a niveles internacionales.
Westfalia Separator Engineering, empresa alemana de gran importancia a nivel
internacional, la cual provee maquinarias e instalaciones de automatización para las empresas.
El Gerente de Westfalia Chile S.A. es el actual asesor técnico del proyecto FONTEC que lleva
a cabo la empresa en que trabajo, Agroindustrial Razeto Ltda.
Porto Conte Ricerche, es un polo italiano de biotecnología asociado a la agroindustria y al
medioambiente. Actualmente desarrollan investigación en temas tales como estudio de
sustancias naturales con efectos antioxidantes y antimutágenos en alimentos; innovaciones en
productos enológicos, olivícolas, lácteos, entre otros .

Durante nuestra participación en la feria asistimos a una exposición dictada por un miembro
del Ministerio Federal de Educación e Investigación sobre el programa nacional de
biotecnología. Se nos entregó información acerca de la organización, financiamiento y los
principales focos de trabajo en biotecnología.

Asistí también a un work shop dedicado a la "Biotecnología como Negocio" donde se
relacionaba la biotecnología con la empresa privada, cuáles eran las principales dificultades y
fortalezas, y cómo potenciar esta unión . Estaba enfocado exclusivamente a la farmacología.

Finalmente se realizó una visita al Instituto Max Planck para Microbiología Terrestre, fundado
en 1991 para promover la investigación en el área de microbiología de hábitat terrestres. Aquí
se estud ia bioquímica, biogeoquímica, eco fisiología, interaccíones simbióticas y mecanismos
de regulación genética de microorganismos para abono. Asistimos a una exposición sobre el
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trabajo realizado por el Departamento de Interacciones de Organismos, relacionado con la
fitopatología molecular, con especial énfasis en el Ustílago Maydis.

3. Itinerario Realizado:

Fecha Actividad Objetivo Lugar
6/10/03 Visita al Instituto Alemán de Conocer investigaciones Potsdam

Nutrición Humana biotecnológicas aplicadas a la
nutrición

6/10/03 Visita al Instituto de Conocer aplicaciones e Potsdam
Investigación del Trigo investigaciones biotecnológicas

industriales del trigo
7- Visita a Biotechnica 2003 Conocer el estado del arte de la Hannover
9/10/03 biotecnología a nivel

internacional y realizar contactos
8110/03 Charla Organización de la Recavar información respecto Hannover

Feria Biotechnica de cómo participar en la Feria
Biotechnica

8/10/03 Charla con Ministerio Federal Informar respecto de las Hannover
de Educación e Investigación políticas del Gobierno Alemán

hacia la biotecnología y cómo
ésta se organiza en el país.

9/10/03 Presentación Biocon Valley Informar sobre la organización Hannover
MVP de Empresa e Institutos de

Investigación relacionados con
biotecnología en la región de
Mecklenburg-Vorpommern

10/10/03 Visita Max Planck Instituto Conocer el funcionamiento de Marburg
para Microbiología Terrestre este prestigioso instituto alemán

de investigación y los trabajos
que actualmente realiza.
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4. Resultados Obtenidos:

Los resultados obtenidos se vinculan a la adquis ición de conocimientos especificos en
diferentes áreas de la Biotecnología y su situación coyuntural, principalmente en Alemania.
Algunos de los conocimientos adquiridos se ordenan en este informe en tres secciones:

• La Biotecnología en Alemania
• Nutrición y Salud .
• Área Medioamb iental

LA BIOTECNOLOGíA EN ALEMANIA

El Ministerio Federal de Educación e Investigación de Alemania financia la biotecnología y la
ingeniería genética como la clave tecnológica para futuras innovaciones y, por lo tanto ,
esencial para el futuro desarrollo científico y tecnológico. Su uso potencial juega un importante
rol en la ciencia y en la industria. Las posibilidades de usar la biotecnología en el área de la
medicina humana y veterinaria , agricu ltura y nutrición así como también en medioamb iente son
extremadamente diversas y nos acercan a nuevas soluciones a los problemas.
La biotecnología es una tecnología genérica. Su uso comercial se manifiesta en los variados
métodos en la mayoría de las áreas de la industria que están ligadas a la ciencia . Esta
contribuye a:

• Mantener y aumen tar estándares internacionales de ciencia e investigación
• Crear nuevos y permanentes puestos de trabajo y reemplazar los trabajos

tradicionales por aquellos con orientaciones modernas
• Mantener un mejoramiento de la competitividad alemana como industria e

investigación.
El Ministerio Federal de Educación e Investigación, el año 2001 , abrió un nuevo programa
promoviendo la industria biotecnológica y la ingeniería genética para los siguientes 5 años . En
la próxima década, se predice que la biotecnología se transformará en la más importante área
de la ciencia como puerta hacia nuevos conocim ientos e introducción de innovaciones en
medicina, farmacología e industria biotecnológica, agricultura así como en el sector alimenticio
y en protección al medioambiente. Durante estos 5 años se entregarán 800 millones de euros
para financiar este programa biotecnológico.
Este programa está destinado a contribuir en forma importante a resolver los actuales
problemas en salud humana, protección al medioambiente y creación de trabajos altamente
calif icados. El Gobierno Federal apoya las estrategias de desarrollo de la biotecnología,
encomendando el uso responsable del potencial para la innovación, tomando como lema
"Investigación para la gente".
Un resumen de las actividades clasificadas por las distintas áreas financiadas por el Ministe rio
Federal desde el año 2001 se entregará a continuación:

Bases de Conocimientos: campo de la investigación en el cual se espera obtener un
conocimiento importante y nuevas aplicaciones en la ciencia viva y en otras ciencias
relacionadas.

Análisis del Genoma en el Sistema Biológico en la Planta - GABI: Investigación
dentro del genoma de la planta modelo Arabidopsis thaliana así como también en la
cebada; anális is de secciones seleccionadas del genoma de otras plantas importantes.
Implementación de la información genética obtenida en investigación aplicada hacia
otros objetivos, caracterización de la red de acción de importantes plantas funcionales.
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Neurobiología: Investigación fundamental del desarrollo de nuevos productos
farmacéuticos, investigación dentro del modo de las funciones neuronales sobre la
autoorganización de estructuras cognitivas. Futuros centros competentes para la
biología basada en la exploración del procesamiento de la información cerebral
mediante neuro informática así como también un acercamiento metódico de la
asistencia computacional de la investigación cerebral.
Competencia según BioFuture: La posibilidad que jóvenes investigadores nacionales
o extranjeros que tengan una experiencia considerable en investigación para trabajar
con grupos propios en investigaciones innovadoras dentro de las ciencias biológicas. El
objetivo es financiar una carrera científica top o un prometedor empresario,
fortaleciendo a Alemania como un país para la investigación biotecnológica.

Comercialización: Medidas estructurales que consideran la investigación y la colaboración de
instituciones de cooperación de la industria y la ciencia.

BioChance: Énfasis en el auspicio del desarrollo del know-how en jóvenes compañías
de biotecnología con el objetivo de posicionarlos en forma segura y efectiva en el
mercado.
BioProfile: Desarrollo de perfiles expertos y competitivos internacionalmente, dentro de
las regiones biotecnológicas. En conjunto con BioChance, BioProfile constituye un
fondo que apunta a mejorar la comercialización de la biotecnología alemana.
Bioproducción Sustentable: Explotación de la producción de organismos biológicos con
potencial para nuevos y económicos recursos, ahorro energético y disminución de
desechos industriales en procesos de producción. Financiamiento de la aplicación,
especialmente en las áreas de la química, farmacéutica, alimentos y bebidas, papel y
celulosa e industrias textiles y del cuero.
Nutrición, Alimentos y Salud : Desarrollo de nuevos tipos de alimentos activos
funcionales en proyectos piloto, que apuntan a la prevención de enfermedades
ampliamente propagadas, como el cáncer y desórdenes cardiovasculares. Poniendo en
marcha redes multidisciplinarias de investigación hacia la acción preventiva de
alimentos o elementos particulares de los alimentos exhibiendo su acción preventiva.

Tecnologías Plataforma: Métodos y procesos biotecnológicos innovadores que comprenden
diversas aplicaciones y que atraviesan numerosos campos de investigación, desarrollo y
aplicación.

Red de Investigación del Genoma Nacional: Con esta Red, Alemania se sitúa a la
cabeza en Europa en cuanto a financiamiento público en análisis funcional sistemático
de genes e implementación de resultados de investigación en la lucha contra
enfermedades frecuentes, en particular en desórdenes cardiovasculares,
enfermedades del sistema nervioso, enfermedades medioambientales e infecciosas y
quemaduras.
Nuevos procedimientos para el Análisis del Proteoma Funcional: Investigación acerca
de cómo operan los genes y las proteínas y sus códigos basados en las
investigaciones del genoma. Visualización del actual campo de la proteína y la
explicación de las funciones biológicas de las proteínas dentro de una célula, un
órgano o un organismo. Contribuciones significativas hacia el desarrollo de la
"farmacéutica hecha a la medida".
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Ingeniería en Tejido: Cultivo y propagación de células o tejidos en "tubos de ensayo".
Con lo que respecta al sector clínico, la más importante aplicación es el cultivo de
tejidos naturales como la piel y los cartílagos tomados de células de los propios
pacientes involucrados. El objetivo es el reemplazo de partes o funciones orgánicas
defectuosas.
Nanobiotecnología: investigación y desarrollo de sistemas en relación con escalas nano
en al menos una dimensión, como por ejemplo no mayores que unos pocos
millonésimos de milímetro. Desarrollo de materiales con propiedades con
sorprendentes propiedades así como también tecnologías completamente nuevas.
Bioinformática: Procesamiento y evaluación de datos obtenidos de análisis biológico
moleculares para mejorar el progreso en otras disciplinas biotecnológicas. Financiar la
unión de proyectos para el desarrollo de la eficiencia de herramientas bioinformáticas
así como el entrenamiento de actuales y futuras generaciones de científicos.
Diagnósticos TSE: Proyectos de investigación para verificar Transmissible Spongiform
Encepha/opafhies. (TSE; enfermedades como las cerebrales); incluyendo BSE
(aplicada en bovinos). Financiando también estos campos económicamente
significativos se apunta particularmente al diagnóstico de las enfermedades TSE
(desarrollando exámenes en organismos vivos) .
Biología de los Sistemas: Combinación de conceptos que contienen biología, ciencia
computacional y cienc ias sistémicas; modelación y simulación de procesos biológicos o
de una célula completa, también en diseño de experimentaciones conducidas sobre
células virtuales. Como resultado de las aplicaciones de los métodos de la biología de
sistemas se esperarán adqui rir decisivos conocimientos concernientes al desarrollo de
medicamentos.

Convenios Gubernamentales: Tratos para posibles riesgos y consecuencias de las
aplicaciones de biotecnologías nuevas. Además se incluye la búsqueda de sustitutos para
experimentos con animaies, que mantengan calidad en la investigación

Investigación y monitoreo de la Seguridad Biológica: Predicciones de las
consecuencias de los comportamientos del crecimiento en un medio natural de plantas
genéticamente modificadas. Financiamiento de investigación segura y desarrollo de
métodos para el monitoreo del proceso comp leto de cultivo . Consideración de las
objeciones científicamente fundadas que provienen de la tecnología genética
ecológica dirigidas al debate público.
Biodivers idad: Desarrollo del Ministerio Federal de Educación e Investigación, en
conjunto con otros Ministerios para mantener la biodiversidad como un importante
principio de vida. Implementación de un compromiso atado legalmente, incluyendo
aquellos temas ligados a la diversidad biológica ya legislados por la convención de la
ONU. Investigaciones dentro de la diversidad genética dentro de los objetivos del
programa biotecnológico.
Métodos Alternativos para la Experimentación con Animales: Otras investigaciones
dentro de las tendencias positivas hacia la reducción del número de experimentos con
animales realizados en Alemania (los cuales disminuyeron desde 1991 a 1999 en
33.8%). Mejor orientación hacia métodos modernos como biología molecular y
bioinformática en la búsqueda de otras alternativas a la experimentación animal,
incluyendo aquella realizada in vitro.
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Cooperación Internacional: El Ministerio de Educación e Investigación financia el desarrollo
biotecnológico dentro de las ciencias e industrias en China, Indonesia, Israel, Rusia, Vietnam y
Australia entre otros países, mediante cooperación internacional.

NUTRICiÓN Y SALUD

En países industrializados un creciente número de personas está sufriendo por las llamadas
'enfermedades causadas por la civilización moderna', como enfermedades cardiovasculares,
alergias, cáncer y diabetes tipo 11. Ellas empeoran considerablemente la calidad de vida de las
personas afectadas y son una carga para la sociedad debido a la necesidad de solicitar
licencias médicas y la utilización de medicinas y recursos.

• • 1';. ~ ; : :., ... . .. ••
•.:¡ ,';_ . _ ,_, o••••

( )be~ i rv '1'n :nds* /u n.)og t..' •."' . . ~"'1 U " , '

K'· I{ Y;";L" 11l t¡1 ! '}'):, ,tit e! 2111}i;
J . ' •.." .' :- ... . ' .: "'

Foto n° 1

Hay una estrecha relación
entre estas enfermedades y la
dieta. Con el financiamiento
del foco 'redes de
investigación molecular
nutricional: alimentos para
proteger la salud de las
personas prevención de
enfermedades a través de
nutrición' desde el año 2000, el
Ministerio Federal de
Educación e Investigación está
proveyendo un nuevo soporte
en esta área con el objetivo de
crear programas de
investigación en Biotecnología
y Salud. El objetivo es
investigar en detalle
exactamente qué efectos

tienen los alimentos en las
enfermedades y dilucidar
acciones para prevenirlas.

Contaminantes y aditivos son a menudo considerados como la causa de enfermedades
nutricionales. Sin embargo desde un punto de vista dietético esto es sólo una consideración
secundaria. Hay una relación directa entre una dieta incorrecta (exceso de grasas, alcohol,
bajo en fibra , etc.) y enfermedades metabólicas y cardiovasculares y cáncer. Algunos cuadros
clínicos pueden prevenirse mediante una nutrición aprop iada. En este contexto alimentos
funcionales están siendo introducidos en forma creciente en el mercado.
El conocimiento de la interacción molecular y funcional entre alimentos y/o componentes de
los alimentos y enfermedades incluyendo los efectos de largo plazo de nutrición y dieta son
prerrequisito para una intervención nutricional.
Estos logros requieren de una estrecha cooperación entre nutricionistas, físicos, biólogos,
químicos y técnicos en alimentos. En el pasado esta cooperación interdisciplinaria era muy
pequeña en Alemania, tanto en el ámbito industrial como en universidades y centros de
investigación.
Medidas estructurales y de calificación sirven para dar consolidación a estos centros. Entre las
medidas se incluye la puesta en marcha de una cátedra para investigación nutricional
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molecular o medicina nutricional así como la formación de un proyecto grupal, el cual
continuaría su trabajo más allá del período subsidiado por el Gobierno.
Actualmente las áreas de investigación desarrolladas en Alemania con respecto a este tema
son:

Alimento grasos y Variabilidad en el Metabolismo Genético, regulación, función y
componentes alimenticios funcionales:

El sobrepeso está ampliamente propagado por todo el occidente. En efecto, uno de cada tres
alemanes sufre de este problema, que además gatilla numerosas enfermedades como el
síndrome metabólico, la diabetes o la arterosclerosis, por ejemplo . La relación que existe entre
el sobrepeso y el síndrome metabólico está ya determinada por estudios epidemiológicos, lo
importante ahora es realizar investigaciones detalladas en los factores que son
verdaderamente complejos y que conducen a esta propagada enfermedad.
La intención de las actuales redes de investigación en Alemania es explicar detalladamente la
relación entre el consumo de grasas, lipólisis, metabolismo de Iípidos y el síndrome
metabólico . También es necesaria la investigación de los genes involucrados en el
metabolismo de Iípidos. El objetivo es desarrollar estrategias preventivas y terapéuticas para
reducir o retardar la absorción de los ácidos grasos desde el intestino.

Cómo afectan en la Arterosclerosis los Aminoácidos, péptidos y proteínas
biológicamente activos, además de los fosfolipidos como agentes nutritivos:

La Arterosclerosis en humanos está influenciada por la dieta, entre otros factores. Los
metabolismos de Iípidos y proteínas juegan un importante rol, así como también la
predisposición genética. En particular la influencia de los genes y su interacción con la dieta no
se ha determinado todavía .
El objetivo de las redes de investigación en
Alemania es el de explicar las interacciones
moleculares y funcionales y desde ahí
mostrar nuevas opciones para la prevención
de la arterosclerosis a través de la dieta y la
nutrición. Dentro de los objetivos de este
proyecto está identificar, entre otros,
factores como los componentes de los
alimentos que pueden ser absorbidos por el
intestino y el desarrollo de su acción
protectiva contra la aterosclerosis. De
acuerdo con recientes estudios, elevadas
concentraciones en la sangre de sulfuros
que contienen amino ácidos aumenta la
posibilidad de gatillar la arterosclerosis. La
causa es a menudo la deficiencia de
vitamina 86 , 812 Y ácido fólico , cuyos
efectos tienen relativamente altas
posibilidades de ser revertidos con el
consumo de estas sustancias
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El rol de los componentes de los alimentos en la génesis de enfermedades intestinales y
las opciones de prevención no obstante la dieta y nutrición:

Existe una relación entre nutrición y enfermedades intestinales. De acuerdo a estudios
realizados, una dieta elevada en calorías y baja en fibras, que contenga una elevada
proporción de carne promueve la aparición de neoplasmas al colon. Por otro lado, a ciertos
componentes de los alimentos y plantas se les atribuye una función preventiva. Los estudios
relacionados con mecanismos moleculares como base de la acción preventiva del cáncer no
han sido ampliamente estudiados.
Dentro del trabajo en materia de nutrición, la intención es investigar la interacción entre los
componentes de los alimentos y las enfermedades intestinales. Esto incluye el estudio de los
efectos que producen seleccionados componentes, desde jugo de frutas y carbohidratos
modificados en las células, tanto en hombres como en animales. El resultado debería ser útil
para desarrollar nuevos procesos de producción de jugos de fruta y alimentos funcionales en
general, entre otros importantes usos.

Chip Adipositas:
Es un proyecto que se lleva a cabo con la supervisión del BioProfile "Nutrigenomic Research
Berlin - Brandemburg" por la empresa biotécnica Scienon en cooperación con la Universidad
de Humboldt, en Berlín ,y el Instituto para la Tecnología Biomédica. Con este proyecto se
pretende explorar la conexión entre el aspecto genético - molecular y la obesidad y las
enfermedades que esta causa, como la alta presión y la diabetes, siendo esta conexión aún
muy poco estudiada. Con el soporte financiero del Ministerio Federal de Educación e
Investigación, los genes relevantes para la adiposidad son identificados en estudios sobre
animales y personas, combinados con un chip de ensayo, que se prueba para su viabilidad en
el desarrollo de futuros diagnósticos y potenciales terapias. Los modelos sobre animales se
llevan a cabo con diferentes grupos de ratas y debería conducir al entendimiento del rol
específico que juegan los genes en la determinación de porqué algunos animales engordan

con una dieta rica en grasas y otros no.
Los datos recogidos del análisis biológico de las
muestras y la evaluación del peso, presión
sanguínea y pulso a distintos tiempos de los
ratones en estudio , convergen en una plataforma
para el diagnóstico de la adiposidad sobre una
base tecnológica usada para el desarrollo de
Biochips como herramientas de diagnóstico. Esta
base de datos, las estaciones de hibridación, los
escáner y la evaluación de los software
desarrollados durante el proyecto harán posible
la aplicación de estas herramientas no sólo en el
ámbito de la investigación, sino también en
diagnósticos de seres humanos.
Con la ayuda de los descubrimientos obtenidos
durante el proyecto sobre conexiones entre
genotipo , nutrición y adiposidad , se
pretende

desarrollar herramientas v sistemas de ensayo viables para determinar sistemáticamente las



efectos biológicos de ciertos factores , como nutrientes, aditivos de los alimentos y sustancias
farmacéuticas sobre personas con propensión genética pueden ser determinados
perfectamente. Además entregan las bases biotecnológicas para desarrollar terapias de
tratamiento contra la obesidad. Eventualmente, los entes involucrados en esta investigación,
esperan crear un "freno contra el apetito", con nuevos agentes activos para el control del
consumo de alimentos basado en anticuerpos, lo que posee un enorme potencial de
comercialización.

ÁREA MEDIOAMBIENTAL

Principios Ecológicos de Biorremediación in Situ

La técnica para el tratamiento del medioambiente que me pareció más interesante fue la
Biorremediación in Situ , investigada por el Instituto de Investigación del Trigo, realizada por la
empresa Biopract (Potsdam), e investigada también por Institute of Microbiology, Technical
University Braunschweig.
La biorremediación se ocupa de la utilización de medios biológicos, tales como enzimas y
bacterias, para producir rupturas o cambios moleculares de tóxicos, contaminantes y
sustancias de importancia ambiental en suelos, agua y aire, generando compuestos de menos
o ningún impacto ambiental. Estas degradaciones o cambios ocurren normalmente en la
naturaleza, sin embargo, las velocidades de tales cambios es baja.
El biotipo natural de los microorganismos presentes en la tierra o en aguas superficiales en la
mayoría de los casos se encuentra en un estado de adormecimiento vegetativo o latencia, en
el cual el crecimiento esta detenido o es muy lento. La razón es una concentración
extremadamente baja de nutrientes, sólo del orden de 10 Ilg/l, en su hábitat natural, lo cual es
cerca de 1 millón de veces menor que un medio de nutrientes típico de laboratorio. El estado
de adormecimiento se alcanza en el ecosistema luego de un período de inanición durante el
cual mueren la mayoría de las bacterias quedando sólo entre un 1 y 0.1 % vivas.
El adormecimiento vegetativo es la fuente de la diversidad microbiana en terrenos. Un gramo
de esta tierra debe contener entre 1.000 y 10.000 individuos de especies particulares de
bacterias en estado de latencia, y producir una cantidad total de células entre 107 Y 108

, cada
una de estas especies bacterianas tiene su propio proceso metabólico específico. Luego, la
tierra contiene un bioecosistema de microbios latente, de una considerable diversidad y
potencial para degradar una amplio rango de componentes.
La manera en que se comporta un sitio contaminado, corresponde al proceso de descarga de
un acumulador eléctrico. Un sitio contaminado es algo así como una "batería ecológica" en el
cual el individuo, células conectadas en serie (Substancias E2 => Aceptar de electrones =>
Agente oxidante) se debilitan y se descargan (reducción química). La actividad metabólica
está virtualmente detenida, esto no se debe a que se han alcanzado los límites de la habilidad
degradativa microbiana, ni a la existencia de deficiencias microbianas, sino que se debe a que
los sitios del "acumulador ecológico" han disminuido y se han descargado bajo condiciones
donde nutrientes contaminantes han sobrecargado la tierra.
El principio ecológico de la biorremediación deriva del entendimiento de la persistencia de un
contaminante: el acumulador ecológico, con sus células individuales, necesita recargarse y los
aceptares de electrones que están agotados necesitan regenerarse. Medidas que apuntan en
este sentido ponen fin al estado de adormecimiento vegetativo y a la inactividad metabólica y a
la persistencia de los contaminantes químicos.
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Foto n° 4

Se ilustra el proceso microbiano
individual involucrado en la recarga de
una batería ecológica. Los aceptores de
electrones, como carbonato, sulfato,
Hierro (111), Manganeso (IV) y nitrato,
son regenerados y su estado reducido
por la acción microbiana. Se introduce
oxígeno atmosférico y los electrones
aceptores, esenciales para la
biorremediación, son reconstruidos a
través de la oxidación. Los electrones
aceptores, habiendo sido consumidos
por el proceso reductor durante el
establecimiento del contaminante, son
ahora objeto de regeneración vía
oxidación.
Las medidas técnicas utilizadas en
biorremediación tienen el propósito de
inducir esta oxidación y eventualmente
restaurar el sitio a su carga natural y a
su estado descontaminado.

12



5. Aplicabilidad:

La Comisión para el Desarrollo de la Biotecnología, representada por el Subsecretario de
Economía, Álvaro Díaz, el Premio Nacional de Ciencias, Jorge Allende, y el director ejecutivo
de la CONAMA, Gianni López desarrollaron un informe que contiene las bases de una política
nacional de biotecnología.
De acuerdo a información extraída de la página web del Ministerio de Econom ía, la Comisión
arribó a tres grandes conclusiones. Primero, que la biotecnología es una herramienta crucial
para aumentar la competitividad y sustentabilidad de la economía, así como para mejorar la
calidad de vida de la población chilena. Segundo, que en el transcurso de los próximos diez
años , Chile puede constituirse en un referente mundial en áreas especificas de la
biotecnología, particularmente aquellas relacionadas con recursos naturales. Y tercero, que
para maximizar los beneficios de la biotecnología y gestionar adecuadamente sus riesgos, se
requiere de un marco regulatorio eficaz y transparente, construido sobre la base de
instituciones públicas fuertes y confiables, así como de una ciudadanía bien informada y con
oportunidades de participación.
La Comisión considera que a pesar de los esfuerzos realizados, Chile aún no cuenta con una
política clara respecto de la biotecnología, lo que constituye un obstáculo para su desarrollo.
Para situar a la biotecnología como nueva herramienta de competitividad y bienestar, se
requiere de una política de Estado, que impulse un esfuerzo estratégico y persistente en el
tiempo. Para ello la Comisión propuso 30 iniciativas de acción en los siguientes ámbitos:
fomento de la innovación empresarial ; desarrollo de capacidades científico-tecnológicas;
formación de recursos humanos; desarrollo de un marco regulatorio eficaz, y part icipación
pública y transparencia.
Con la realización de esta propuesta, las políticas de gobierno en cuanto a biotecnología se
acercarán a las actuales políticas alemanas en el tema, pero sin duda existe un gran retraso
en el proceso que actualmente vive nuestro país comparado con lo que se viene desarrollando
en Alemania desde hace algunos años . El gran retraso lo podemos constatar al comparar las
inversiones totales en investigación entre Chile (0,6% del PIS) y países industrializados (entre
2 y 3 %).
De acuerdo al informe realizado por la Comisión de Desarrollo de Biotecnología, el fomento
estatal en el área de la biotecnología se realiza esencialmente a través de los fondos de
fomento tecnológicos: FONTEC y FDI de CORFO; FONDEF y FONDECYT de CONICYT; FIA y
Fondo para el Mejoramiento del Patrimonio Sanitario (SAG) del Ministerio de Agricultura;
Iniciativa Científica Milenio , del Ministerio de Planificación y Cooperación. Estos instrumentos
operan a través de líneas de financiamiento que aplican criterios generales y horizontales de
asignación de recursos.
La I+D y la innovación en biotecnología con frecuencia requiere tipos de apoyos que no
responden adecuadamente a los criterios generales de los fondos tecnológicos, por lo que
demandan una adecuación de las líneas de financiamiento disponibles en estos fondos, de
manera que se adapten a las especificidades de la biotecnología especialmente respecto de
los plazos de ejecución y montos necesarios para el desarrollo de los proyectos. Este tipo de
proyectos debe contemplar además, la formulación cuidadosa de planes de negocios, la
formación de redes en el ámbito de la investigación y la transferencia de los productos
generados. Otro aspecto que debe ser considerado en forma especial en el financiamiento de
proyectos biotecnológicos es lo relativo a equipamiento. La investigación en biotecnología
requiere instrumental sofisticado que debe ser actualizado periódicamente de acuerdo al
desarrollo de la ciencia . Es por lo tanto necesario establecer algún mecanismo de



financiamiento para la adquisición de equipamiento avanzado estableciendo un programa de
asignación que permita racionalizar su uso.
En la Tabla 1 se detalla la asignación de recursos para proyectos de 1+0 en biotecnología
entre los años 1991 y 2001, por fondo :

TABLA 1. Asignación de recursos para proyectos de 1+0 en biotecnología por fondo, 1991 ­
2001

AÑO 1991-1997 1997-1999 2000-2001
Fondo

Proyectos
Monto

Proyectos
Monto

Proyectos Monto
Tecnológico US$ MilI. US$ MilI. US$ MilI.
FONTEC 23 1,25 34 3,3 12 0,59
FDI n.i. n.i. 5 2,8 8 1,9
FONDEF 49 30 24 9,2 18 4,4
FONDECYT 116 5,5 61 7,0 23 1,36
FIA n.i. n.i. 6 0.8 22 3,4
SAG n.i. n.i. 3 0,3 5 1,7

TOTAL 188 36,75 133 23,4 88 13,35
Prom. anual 5,25 44,3 7,8 44,0 6,68
26,9

Fuente: Informe de la Comisión para el Desarrollo de la Biotecnoloqía

La gran parte del fomento estatal se concentra en las universidades e institutos tecnológicos.
Sólo entre un 15 a 20 % de los recursos financieros fueron entregados para el fomento de
actividades de 1+0 de empresas, mostrando el bajo interés de éstas por integrar la
investigación y desarrollo a sus actividades.

En Alemania se encuentran claramente detallados las áreas de investigación y desarrollo que
se están fomentando y están siendo financiadas por el gobierno, una de ellas, la
comercialización, que busca la cooperación entre centros de investigación y la empresa
privada, potencia entre otros el estudio de "Nutrición, Alimentos y Salud: Desarrollo de nuevos
tipos de alimentos activos funcionales en proyectos piloto, que apuntan a la prevención de
enfermedades ampliamente propagadas, como el cáncer y desórdenes cardiovasculares.
Poniendo en marcha redes multidisciplinarias de investigación hacia la acción preventiva de
alimentos o elementos particulares de los alimentos exhibiendo su acción preventiva".
Este sector de la investigación representa una oportunidad de negocios biotecnológicos de
mediano y largo plazo en un sector productivo estratégico de la economía nacional, como lo es
el agroindustrial que estaría dirigido a mejorar la calidad de alimentación humana, pero
también dentro del sector acuícola, pues uno de los principales desafíos futuros que se ha
identificado en biotecnología es la producción de alimentos para estas especies. Todo esto
conlleva a estudios prospectivos de amplia participación, estudios que aún no han sido
abarcados con la dedicación que requiere.
En este sentido, Agroindustrial Razeto Ltda. trabaja en la producción de aceites vegetales con
características funcionales. Demostrado por científicos internacionales, el aceite extra virgen
de oliva es altamente beneficioso para la salud , en esta misma línea nos encontramos
desarrollando el aceite extra virgen de palta, con características muy similares al de oliva.
Nuestro objetivo es seguir en esta línea de producción de alimentos funcionales e innovar en
este tema utilizando otros productos. Para el desarrollo de nuevos productos es necesario el
apoyo financiero de gobierno, pues la investigación representa un riesgo económico elevado
para la empresa privada.
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En cuanto al tema medioambiental, actualmente en Chile, según el informe citado
anteriormente, las aplicaciones biotecnológicas de remediación están en estado embrionario,
pero se espera una rápida expansión en respuesta a las crecientes exigencias en esta
materia. Para tener una idea de los proyectos y sus respectivas aplicaciones en la Tabla 2 se
muestra un listado de éstos, así como también la fuente de financiamiento.

Tabla 2 Proyectos ejecutados en biotecnología ambiental: 1996 - 2002

Fuente: Informe de la Comisión para el Desarrollo de la Biotecnoloqía

FONDECYT FONDEF
AGUA

Eliminación de materia carbonácea 8 5
Eliminación de nutrientes (N, P) 3 O
Eliminación de compuestos tóxicos y

10 O
recalcitrantes (sistemas combinados)

Digestión de lodos (aerobio, anaerobio) 2 O
SUELO
Biorremedicación de sitios contaminados ... 3
(fenoles dorados, PCP; PAH, entre otros) -'

Biolixiviación 4 2
AIRE

Remoción de compuestos volátiles (olores,
1 O

mercaptanos, compuestos sulfurados)
.. .

Pocas empresas han utilizado biotecnología para resolver problemas ambientales en Chile. El
sector productivo que ha dado las primeras señales en incorporar la biorremediación de
suelos , es el petroquímico. Con el propósito de aprovechar las posibilidades que abre la
biotecnología en este campo es conveniente que las empresas chilenas cuenten con
información relativa a las técnicas disponibles de biorremediación y así poder considerarlas en
sus programas de producción limpia.
La biorremediación podría ser fundamental para tratamientos de residuos en la minería,
refinería, industria química en general, accidentes químicos, y para la descontaminación de
fondos marinos y búsqueda de soluciones para el problema de las toxinas marinas en
moluscos.
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6. Contactos Establecidos:

Institución/Empresa Persona de Contacto Fono/Fax Dirección E-mail
Camo/Actividad

German Instiute of Dr. IIka Gr6tzinger 49(0)33200- Arthur-Scheunert-
Human Nutrition 88444 Allee 114-116

14558 Bergholz-
Rehbrücke

Instituto de Dr. Ralph Thomann 49(0)33200- Arthur-Scheunert- R_thomann@
Investigación del Chemist, section 89201 Allee 40/41 , 0-
Trigo manager 14558 Bergholz- igv-gmbh.de

Rehbrücke
BioPract Dr. Matthias 49(0)306392 Rudower Caussee sales@biopra

Gerhardt 6205 29 Eingang ct.de
Managing Director Kekuléstr. 7, 12489

Berlin
Ministerio Federal Dr. Hans-Michael
de Educación e Biehl
Investigación
Biocon Valley Dr. Heinrich Cuypers 49(0)383451 Walther-Rathenau- Hc@bcv.org

SeniorProject 5108 Straf3e 49a 0-
Manager 17489 Greifswald

Institute of Prof. Dr. Hans 49(0)531391 Spielmannstraf3e 7 h.hanert@tu-

Microbiology, Helmut Hanert 5803 0-38106 bs.de

Technical University Braunschweig
Braunschweig
Nadicom Dr. Bernhard Nüf3lein 49(0)6421- Pflanzgarten 10 nuesslein@na

Manaaina Director 13175 35043 Marburg dicom.com

Instituto Italiano Michael Berz 49(0)3088 Schlüterstr. 39 0- michael.berz

para el Comercio Trade Analyst 440323 10629, Berlin @berlino.ice.it

Exterior
Deutsche Messe AG Andreas Grüber 49(511) 89- Messegelande 0- andreas.grub

Hannover Proiect Manaaer 32118 30521 Hannover er@messe.de
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7. Detección de nuevas oportunidades y aspectos que quedan por abordar:

La actividad realizada nos dio una apertura de miras hacia lo que países industrializados están
desarrollando en materia de biotecnología, nos permitió tamb ién detectar nuevas
oportunidades hacia nuevas técnicas. Considero que para la aplicación de estas nuevas
tecnologías, así como también para innovar e investigar en materia biotecnológica estas
actividades son indispensables, pues entregan muchas herramientas para lograr los objetivos.
La investigación, así como la innovación deben ir de la mano de un proceso de aprendizaje
cont inuo, no sólo para seguir las últimas tendencias internacionales, sino también para ser en
algún modo precursores de los cambios.

Creo que una de las principales debilidades que existen en Chile en materia de investigación e
innovación es la falta de colaboración entre centros de formación (universidades en general) o
centros de investigación y empresa privada. Es por eso que presento en este informe el
ejemplo de Alemania, en donde actualmente se están formando compañías jóvenes al alero
de estos centros de estudios, contando así con un gran respaldo para posicionarse de la mejor
manera en el mercado.

8. Resultados adicionales:

La identificación de oportunidades tiene como consecuencia un estudio de factibilidad para
integrar alguna de ellas dentro de mi empresa, por lo que no se descarta la posibilidad de la
realización de un nuevo proyecto de innovación.

Por otro lado, el grupo que participó en esta actividad, proveniente de distintas regiones del
país y dedicados a diversas áreas de la biotecnología, se relacionó en un ambiente de
cooperación y compañerismo, por lo que se generaron lazos importantes dentro de los
participantes. Esto permite abrir la posibilidad a la realización de trabajos en conjunto y
multidisciplinarios.
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9. Material Recopilado:

Tipo de Material N° Caracterización (título)
Foto 1 "Evolución de la obesidad en USA" Presentación

Instituto de Nutrición Humana
Foto 2 Alimentos Funcionales, Instituto de Inv. Del Trigo
Foto 3 Proyecto Adipositas Chip, Neutrogenomic
Foto 4 "Biorremediación" Presentación BioPract
Boletín Informativo Ministerio Federal de Educación e Investigación
Artículo Remediation of Cantaminated Sites in Situ
Artículo Scienion
Folleto Chia Meei Health Biotechnology
CD BioCon Valley
Folleto Nadicom
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1O. Aspectos Administrativos

10.1. Organización previa a la actividad de formación

a. Apoyo de la Entidad a cargo de la organización del viaje (Camchal)

X bueno __ regular malo

Se entregó el itinerario detallado de las actividades a realizar. Se proporcionó traductor
durante la mayoría de las actividades. La mayoría de las actividades se realizaron
puntualmente y cumplieron con las expectativas.

b. Información recibida durante la actividad de formación

X amplia y detallada __ aceptable

c. Trámites de viaje (visa, pasajes, otros)

deficiente

X bueno

d. Recomendaciones:

__ regular malo

10.2. Organización durante la actividad (indicar con cruces)

ítem Bueno Recular Malo
Recepción en país o región de X
destino
Transporte aeropuerto/hotel y X
viceversa
Reserva en hoteles X
Cumplim iento del programa y X
horarios
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11. Conclusiones Finales:

La participación en esta gira biotecnológica fue de gran importancia para mi desarrollo
profesional, lo que se verá reflejado directamente en el trabajo que realizo dentro de la
empresa Agroindustrial Razeto Ltda.

Respecto al cumplimiento de los objetivos planteados creo que la participación en Biotechnica
me permitió estar al tanto de innovaciones en las áreas de mi interés y con esto identificar
oportunidades para el desarrollo de nuevos productos. Por otro lado , la visita a los distintos
centros de investigación superó ampliamente mis expectativas, pues tuvimos la oportunidad de
ver in situ cómo desarrollan la investigación en Alemania y cuáles son los temas que se están
estudiando.

Por otro lado los profesionales que integramos esta delegación actuamos con un gran espíritu
de cooperación, complementando nuestros conocimientos para un mejor entendimiento de lo
que se nos iba presentando. Esto habla muy bien de la calidad humana de los participantes,
así como también de la persona de CAMCHAL que nos acompañaba como guía, Antje
Wandelt Gerente Marketing Ferias , pues hubo siempre una excelente disposicíón a ofrecer y
dar apoyo , una actitud grupal muy positiva y en general se generó un grato ambiente de
compañerismo. En particular, debo destacar la gestión de la Gerente Marketing Ferias de
CAMCHA L pues el itinerario se cumplió sin mayores contratiempos ni modificaciones.

Después de mi participación en esta gira, creo estar en grado de poder compartir los
conocimientos adquiridos para de alguna forma poder aportar al desarrollo de la investigación
biotecnológica en Chile, tanto a nivel académico como industrial. Al mismo tiempo creo tener la
neces idad y el deber de seguir creciendo en estos temas , y continuar mi proceso de
aprend izaje y actualización hacia nuevas tecnologías. Es esta mi motivación para participar en
estas actividades y valoro profundamente que existan estas instancias, vale decir estos fondos
concursables del FIA o de otras instituciones, que promuevan y a la vez auspicien a
profes ionales en su proceso de desarrollo profesional con miras hacia el desarrollo del país.

13 de noviembre de 2003
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BioFuture

lnitial Aid for
Young Scientists
BMBF1s young scientist
teams competition meets
with great response at home
and abroad scientists who had beenworking abroad at the time01 filing

their application, 68scientists Irorn abraad also applied for
support.

-, -

With BioFuture the Fede­
ral Government supports
excellent young scien­
tists in the l ield 01 the lile
sciences. The competiti­
on addresses partici­
pants up to 39 years 01
age at home and abroad
who are already experi­
enced in research. Prize
winners 01BioFuture are
given the opportunity to
work on innovative, ba­
sic research oriented
approaches in the bios­
ciences in Germany for
five years in their own team independently of given structures.

The project outlines
were selected by a jury
of interdisciplinary com­
position. Up to the pre­
~ent, 38teams 01 young
scientists have been
recommended Ior sup­
port, of which 32 have

:r.- }.>:;iFJalready taken upwork*.
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--,"",.,.¡With s upportin~ . funds:-; ...~\1 : of DM three rnil lion on
rl average over a period

of five years, the prize
winners of the selec­
tion rounds canset up a

research teamof up to seven staff members.

Support thus paves the way for vounq researchers into a
scientific top career or a promising business foundation. The
young scientist teams competition of the German Federal
Ministry of Education and Researeh aims at binding seienti­
fie top know-how in Germanv, counteracting the drain 01
knowledge and winninq baek qualified researchers after
their stay abroad.

Since its start in Apri11998,Biofuture hasmet with great res­
ponse at home and abroad. Within a period of thrne years, in
four applica tion rounds comprisinq roughly 900 applications,

The call for praposals was started in 1998 under the BMBF
Framework Pragramme"Biotechnology 2000" and has been
continuad since 2001 within the follow-on Framework
Programme "Siotechnological Research and Technology".
Biof'uture has since established itseU as a recognized
instrurnent 01 support for young scientists. Funds totalling
DM 150 million are provided for this purpose by the Federal
Government. The competition will be eontinued in 2002 with
a further round of calls for proposals.

• as of May 200\ wh en the awards were granlcd lo the winn ers 01lhe lourth



Winner

Dr. Frank Bier

Dr. Dolores Cahill

Dr. Frank Caruso

Dr. llolnnd Eils

DI. Christian Frcrmd

Dr. StanislavGorh

Dr. Hcidi Hahn

Dr. Stcphan Hahn

Dr. Slefan Hesse

Dr. Andres Jaschxe

Dr. Ute Krñrne r

Dr. Markus Lappe

Dr. Andreas Lendlein

Dr. FraukeMelchior

Dr. Markus Sauer

DI. ThOIl1<1S Schmidt

Dr. Eve lin Schrück

Institutian

Fraunholer lnstitute lo r Biomedicnl

Engineering IBMT, Berqholz­

Iluhhrücke

Max Planck lnstiuun uf Molecular
Genutics, Berlin

M ax Planck lnstitute 01Colloid ami

Interf ace Hosenrc h, Golm

University uf lIeidellwl !]

Free Universily 01 llnrlin

Max Planck Instilute of

Developmental Biuloyy, Tübiuqen

UnivP.rsily ol Technnloyy, Munich

Universily Medical Hospi ta l, Boch um

ILany endreer l

Free University of Berli n

Free Universily of Berlin

Max Planck Instituto ol Mol ecular

Planl Physiolngy, Golm

University uf Boc hum

Germ an Wuol Researc h lnst itute at

tho University of Aac hen

Max Planck lnstitute 01
Bio chemisl ry, Martins ried

University of Heidelberg

Universily 01 Kiel

lnstitutu ul Mo lucu lur UiUII!cllllulul lY,

Jena

~ ., ....... DI "lIl ,..1,. I n cl itllt n fnr f\J1 ;uinn

Tapie

Biomolecular nanostruct ur inq 01surfaces by nucl eic aci ds

3D protnin ami nnt ihotlv chips

Nanolabrication 01 novel biol unctiunal materi als

and bioencapsulation

Dnvelupmnnt of hic inlormntic tcchniques for a tíisease -specilic mutati­

on analys is ami Iunctional yellumc analvsi s hy mcan s uf ONI\ chip

technoloyy and the multicolour f1uorescent labelliny lechnique

Structure-function relal ion of important T-cell prol eins and the design

uf aqon ist s and antnuouists of tho imrnunn resp onsn mndiated

hy T-cell s

Design aud biomuchanics of hiolo yic al fr ict ion surf aces

lor bicmimetics

Patcherl-siqnal trans duct ion path in tumour form ali un and therapy

Funct ional genom ics and proteomics on the lllmou~ suppressor gene

OPC4/Smad4

Development 01a computer-aided walking trainer lo assist in restorin g

the stand ing and wal king abilit ies 01pat ient s w ith CNS lesions

Appl ication 01rihozymes in drug synthe sis

Hyperacculurnation of heavy metals in plants: lrommolecular analysis

to the cre ation of lransyenetic model plants as a contribution to a

technology lor remed iat ing soils conlaminated with heavy rnetals

Theoretic al and cognit ive neuroscience

Tailor-rnade. intell igent polymer systems lor application in minimally

invasive medic ine

SUMO-1 and the transportation 01prot eins int c the cell core

Handling, detection and analys is 01indi vidual biornolacules with pul­

sed diode lasc rs and multiplex dyes

Plant ce ntr ornerus- mole cular isolali on and application lor the dsvelop­

rnent 01arti ficia l plant chrnmos omes

lderuif icnt iuu uf basic cc llular mnchnnisms uf tumour- spncil ic chrnmo­

somal trnn slocations

<:I'" r.turnl hio r.hr:rnical and motecul nr nenetic eluci ll ation 01the hiorni-



DI. Cornelius Schwarz

DI. Andruas Schwionhorst

Dr. Petra Schwille

Dr. Claus Seidel

Dr. Horst Simon

DI. Torsten Slachelhaus

DI. Rolaml Hcinz StraulS

Dr. Michaol Slíi rzl

Dr. Heinr ich Terlau

Dr. Thomas Tuschl

DI. Uwe Vinkemeier

Dr. Hell ll ill g Walczak

Dr. Erich Wanker

Univcrsity el Tübinqen

Univo rs ity 01 Giillin!JclI

Ma x Planck lustiuu e lor

Biophysic al Chel11islr y, Gottinqcn

Universitv 01Güllingen

Universitv ol Heidelb erg

Univorsity ol Marllllru

Universitv 01 Wíirzburg

GSF·Resoarch Centre lo r

Environmcnt ami Hcalth.

Nouherborq

Max Planck Instituto Ior

Experimental Medic ine, Gtittingen

Max Planck lnstitute lor

Biophys ical Chernistrv in Gñttinqen

Free University 01 Berlin

GermánCanccr Hescarch Centre,

Heidelberg

Ma x Planck Institute lor Molecular

Genetics, Berlin

lntoraction 01ce rebral cortux and cerobollum in learnin g and perlor­
l11ing motor and coqn itive skill s

Ncw drugs and biocatalvsts tlirough evofutíve hiotcchnology in micro­
structures

Huore scenco spociroscopv siuqle -molcc ule annlvsis methods in hio­

phys ics and evolut ivo biot echnnlogy hnsnd nn unnoteclmolcqv

Multidimensional singlem olecule Iluorescence spectroscopy 01 bio­

rnolecules: scrceniog methods and time-resolved investiqation 01 hio­

logi c;¡1 prncosscs

Basic molecula r principies lor developinq nervo cclls 01 relevancu to
Parkinson's disease

Erricien t des ign and comb inatorv hiosvnthnsis nf pnpt idn muibint ics

Elucidation 01Ih e higher·level co ntro l 01run ning behaviour by Ihe ins­

ect bra in using methods 01Drosoph ila neurogenoti cs

Molecular action mechanism 01a new inlracellular reg ulalor lo r endo"

theliurn cell prolilora tion : prospects lor Ihe diagnosis ami therapy 01

malig nanI tlisnasns

Idcntilication and characterization 01the speci l ic act ion ol toxin s lrorn

marine con e shell s

Funct ion and evolution 01RNA·processing ribonucleoprotein

complexes

Basic molecular principies 01cellular signal processing

Idenlilicalion and preclinical evaluation 01 ncw rnnrnhers 01apoptose­

modulating prote in Iarnilies

lnhibition 01arnyloid lormation in Huntinqton 's disease and other neu­

rodegene rativ e diseases

DI. M atth ias W ilm Europ ean Molccula rbio logy

Laboratory (EM BL), Heidelherq

Ei11Oillr;r¡JtHlíJl ~n,~ [l Uj~; iln:,;)· ,, ~ ·¡ .', .....,- - .~-::-.....

Svsternatic appro ach tow ards errici ently elucidating the luuction 01 .

individ ual proteins

Dr. Julia Eic hlor

DI. Alb ert J cltsch

DI. Christo ph Klein

DI. Fritz·OIal Lehmann

DI. Helle Ulrich

Dr. Joan -Ni cola s Vulff

Gerrnan Hesearch Ccnter lor

Biotechnology, Braunschweig

Universi ty uf Giesson

Univers ity 01 Munich

Univcrsity 01 Würzburg

Ma x Planck lnst itute lor Terrest rial

Microbiology, Marburq

Universitv of Wiir zburg

Svnthetic mimi cry 01 co nlo rmationally defined bindingsites thro ugh

scaflolded pept ides and pept ide libraries

Development 01 proqra rnrnable DNA rnethv ltran slerases lor appl ica ti ­

ons in biolechnology and molecular medicine

Drgan isation and function 01 genome s 01 single rnicrometaslal ic

turnour cells: a novel approach lor the study 01 human can cer evoluti­

on and progression

An integrated appr oach towards the mechanisms , ofl iciency and evo­
lution 01 unsleady aer odynamic perf ormance in liying animal s and its

appl ication to rnicrorobotic air vehicl es

The role 01 the ubiquitin syste m in postreplicative DNA ·repair

Positiona l cloning 01the sex·deterrnining gene in the plalyfish

Xiphophorus



What means Bioinformat ics?
Bioinformalion sc ience or Biolnlor­
rnatics combines molecular biology,
bioch emislr y and genomics wilh
com puler science, on lhe one hand ,
and with com puter Iinguistics, on the
olher. It is playing an ever-increasing
role in lhe areas 01 biology, aboye
all, also in the economica lly signil i­
cant areas 01 med icine, pharma­
cog nosy, and ag riculture as well as
in environmenla lly co mpalib le in­
dustrial produclion. It is only alter
the irnplernenta tio n 01 c ornp u ter­
aided rnethods. lhal il has becorne
po ssib le lo creale rnath emat ical
models in the lile sc iences and lo
use these Ior comp utation purpo­
ses. The imporl ance 01 compuler
science Ior biology is co mparab le to
thal 01 mathematics as an indis­
pensable tool Ior phy sics.

The German Fed eral Ministry 01
Educa tion and Research (BMBF)
has been lund ing this new branch 01
science with its "Training and Tech­
nology Inilialive Bioin lormalics " of
22.Seplember 2000 . In addition lo
lunding research, lhe intention has
been lo make a con tribution towards
the lraining 01up and comi ng scien­
lists as, in lhe meanwh ile, bioin lor­
mation scientistshave become spe­
cialists much in demand in bo th
research and in indu slry.

Genes and th e flood of d ata
With the complelion 01 lhe sequen­
cing 01 the human genome in 2000 ,
the general publ ic became more
greatly awar e 01 bio inlormalion
science . Al lhis point in lime al the

iatest, it became apparent that lhe
.decooinq" 01human genes was not
only a successlul accomplishment
01 the molecular biologisls and lhe ir
automated tabo ratory teclmolog ies.
The dele rminal ion 01 the sequence
01 all three thousand miliion .Jetters
01 lile"- the nuc leotide building
blocks adenine (A), cytosine (e ),
guanine (G) and lhymine (T) 01
human DNA - was, rather, also an
impressive achievemen t 01 biointor­
mation scienlis ls and lheir compu­
terso

In the meanwh ile, researchers have
begun working on lhe solution lo an
incomparabl y more difficult task ­
lhe read ing and underslanding 01
this texl , or...struc ture 01 lile", i.e., lhe

8undnsminl sler ium fú, BlldU"lllItld forsc hun,



Circuit diagram 01 lile:This seclion 01 metabolic processes wilh theproteins and other molecules
involved looks Iike a complicaled circuil diagram. The computer-aided rendilion01 lhe metabolic
orocesses occurrinn wilhin oruanlsms is one 01 Ihe applicalions 01 bioinlormalics.

ac tuaí dccodinrj of li le contcn t and
funct ion 011118 guno lic codo.
Tho esseruial thing now is to rind out
which sequence 01 letlers gen erate
a meaninglul con tent, in pa rticular,
whe ther they represen t genes and
what lunct ion these have. Only with
the help 01 bioinlormation tools can
the explo sion-l ike increase in the
amount 01 data arising Irom this be
stored, processed and interre lated.

Tasks of bioinformatics
Tho tasks DI b ioinlorrunücs me con­
tinuously oxpandinu . Sorno 01 lhe
Iundamontal objoct ivcs me doscri ­
bcd below.

Functional analysis or "functi onal
annotation". Proteins as buil d ing
blocks 01 all lorms 01 lile are gene­
rally co mplex protei n rnolecules 01
enormous diversity. In lhe human
body alone, there are an estimated
one million differenl pro teins. They
co mpr ise amino ac ids , the seq uen­
ce 01 which are coded in DNA. Not
all segmenls 01the genes , however,
have a coding lun cli on . The first
step lollow ing sequencing is thus
lunct ional ana lysi s or "f unc tional
annola tion" . This invo lves searching
lor those sections on lile DNA lhal
represenl gen es and invesl igates
what lunction they have . Facili tative
Ior lun cli onal analysis is the lact that
in nurnerous organism s there are
ma ny similar and of le n already
known genes . The cornparison 01

new ly disc overod scquences wi lh
thoso alrcady known and storod in
databases olt en lead s to the rap id
identi lication 01unknown genes (see
.Protein search in da tabases" p.3).

Prediction of protein structure.
When a coded sec tion has been
lou nd on lhe DNA, interest locuses
on a prognosis 01 the structure and
lunction 01 lhe prolein the DNA sec ­
lion concemed is responsible lor
.manuíacturtnq". The proper ties 01
ího protcin me not only dotorrnined
by the chomical, but also by lile
threo-dimcnsionnt struc turo 01 the
rnoleculc - in particular, tho natura 01
its lold ing . JusI what role the spatial
struc ture plays is made crear by the
BSE "pathogen", wh ich dilfers Irom
the normal harmless pr ion proteins
only with respecl to lold ing. To ena ­
ble any prediclions on lhe prolein
properties, among other lechniques,
IT rnelhods are implemented , which
can calculate the 3-D structure 01 a
protein Irom the sequence 01 its
amino acids.

meas, Ior phannaccutical research
sinco ihoso mol cculos represen !
pot enlial active substances. Genelic
and geometric algorilhms as well as
other IT tools, Ior example, are be ing
impl emented lor such investigalions.

For investigations into so-called protein dok­
king different IT methods are implemenled.
This means that medicament development can
bevisualisedonthescreen, torexample: A new
pharmaceutlcal substance (yellow) must
matchaspecilicproteln(white-red-blue) In the
organism Iike akey fi«lng inloa lock.

Ren d ition of the me tabolic proces­
ses. Anolher applica tion 01 bioinlor­
mati on science is the cornputer­
aid ed analysis and rend ition 01 the
complica ted metabolic processes in
living org anisms . For an abstracl
visualisation 01 a me tabol ic process
and lhe proteins as well as other
molecules involved, methods 01 pat­
tern identif icalion, similari ty sea r­
ches in databases and lunctional
analysis are implemenled. The figu­
re on the left shows a minute seclion
of such a schematic metabolic día­
gramo

The virtual cel l
Wilh ever more rel ined methods,
bioinlorrnation sci ence is becoming
increasingly capable 01 providing
inde pe nde nl answers lo queslions
arising in the lield 01 molecular bio­
logy by developing models of biolo­
g ical systems lo compu te data inste­
ad 01 expo rimenling in lhe labora­
tory, The vision of Ihe bioinlormation
scientist is lil e realisation 01 tlle .vir­
lual cell " - lhe simul al ion 01 lhe many
complex bioch emical cellular pro­
cesses in Ihe computer, wh ich can



lhus be investigated more or less Jn
silico" ("in silicon"), in lhis way crea­
lin g completely new approaches
towards lhe prediction and use 01
cust ornísec biologi cal syslems .

Analysis 013D-models 01molecules.

Centres of competence and trai­
ning.To lund lhe developrnent 01the
new key disc ipline and lo promete
lhe lra ining 01 lil e bioinlo rrnation
scientists. in such high demand, six
cent res 01 com pelence have come
into exislence with in lhe sco pe 01
lhe lun ding activ ities 01 lile BMBF
.Traininq and Tecllnology Initial ive
Bioinlormatics" in Ber lin, Braun­
schweig, Galersleben/Halle, Jena,
Cologne and Municll (see pA) .

It is the lask 01 these centres 01com­
pel ence , in inlerd isciplinary teams
Irorn universil ies, indu stry and non­
universily-affilialed research institu­
les, lo dev elop innovative tools lor
applical ion in all lield s 01 lil e lile
sciences, especially concerning Ihe
amounl 01dala arising as a resuil 01
genome researc h. A lurlher objec­
tive 01 these centros is lile creation
01 common bioinl orm ali on stan­
dards . II is inlended that all da la
which have preved lO be necessary
lo undersl and lile lunc tion 01 indivi­
dual genes should be generaled,
acquired, analysed and rendered
comparabl e, il possible, Ior all Ihe
genes willlin an organismoThe bio­
inlormalion scienlilic research on
lile interpretation and integralion 01
these dal a must thus cover the enti­
re sec tion of til o DNA scquonce 01
Ihe genorne, inc luding the phenoty­
pe 01Ihe organism, írorn purely lun­
damenlal research up lo appl ica-

lion , e.g ., in lhe lield 01 medicine.
A lurlher major task 01lhe cenlres 01
compelence compri ses lhe lrai ning
01qua lilied bioinlormalion scientisls.
In co llabo ralion wilh lile German
lederal states and universilies, lhey
should conceive extensión and trai­
ning courses and realise lhese wit­
hin lhe scope 01 [oint projecls.

--- --1
¡
I

Special compuler programs such as GAP4 Irom
Ihe " Sladen Genome Analysis Package" were
developed lo search lor and idenlify genes
using comparalive gene analysis.
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Biolechnology and nanolechnology
are amongsl the mosl promising
technoloqies 01 lhe 21st ce nlury.
Nanobiolech nology has emerged
al their interface. It representa a new
quality 01 key technology. The dyna­
mics lo be expected in this field can
be compared lo the vehement de­
velopmenls in microel ectronics.

Focus: objects on the nanoscale
The Federal Minis lry 01 Educ al ion
and Research (BMBF) laun ch ed
the "Nanobiolechnology" lun din g
activily as a part al its biolechnology
lramework programme in April 2000.
Funds of about DM 100 million have
been earmarked lar this topic up lo
the year 2006. The nanobiolech­
nology fundi ng ac tivity gives Ger­
many a go od ch ance 01 b eing
among lhe leading nations in lhi s
lield, llanking the US an Jap an. In
addilion lo a lundamenl al under­
slanding 01lh e lun cl ional units 01
biological cells, nanobiotechnology
is dealing with lhe lunclional unils

Future Ficld NanolJi olcchnology

Bio-

.- ..- ';

01animate nature. Generaled in a
controlled manner and appropriately
ordered, lheir lrequenlly unique pro­
pe rties should give rise to novel
tochnical systems . The principal
largets 01 lhis new scientific discipli­
ne are biological and biomimetic
objec ts on the nanoscale, i.e. wilh
dimensions 01 a lew millionlhs al a
millimetre. Nanobiotechnology con­
sequenlly deals with individual bio­
molecules or groups 01 molecul es.

* bmb+f
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The main tap ies 01lhe now support
programmo includc lho thorapoutic
an d di aqn ostic np p lica l ioll o !
nanopartíclcs <1 : ; wc ll as tho use al
nanostruc ture teehnology as a koy
lo ultrasmall devi ecs la r ph arma­
ceu lical researc h and medical
diagnostic methods. On lhe othe r
hand , the firs t biomolecules are
already being applied in electronic
eom ponen ts and alternative data
memory systems.

SCALE IN NANOMETtA ' . " • ., • •
ONE NANDMETER 15OHE MILlIDNTH OFA MILLlME'IEA. '. ",

' . ' - ', , " " ' . " .. ' j • ' . , "

. 0,1 ' . . 1 -: ·10' 100 :; 10' .l . 10'- . 101 .

Joint Initiative
The novel approaches required al
the interface 01 ph yslcs. b iology,
chemis tr y and th e eng ineer ing
sc iences sho uld lead lo a broad
industrial exploi tation 01the lindings.
Nanobiotechnology is being pro­
mo ted by the BMBF in a joint
initiative .Ph ysical Research " and
.Bi oloqicat Research" .
Speci fically, the .Nanobiotechno­
logy " funding activ ity offers special
supp ort for the following research
and developm ent projec ts:
¡<!\ nanobiological analysis and

cha rac terization processes
o nanotec hnological harnessing of

bio logical adaptaticn. repai r and
self-organizing capabilities

411 nanomanipulation techniques for
bio logical/biochemical objeets

!!' nanoreaction techniques
('\ molecular engineering teehnology
In this context , the BMBF has re­
alized that fund in g 01 Ihese ta­
pi es sho u ld be accompa nied
with proje ct s conside rin g ethical,
legal and soc ia l aspec l s al an
early stage . ..

Gram-negalivebacteriamake Iheircellmembrane
permeable by using porins - special proleins 01
Ihe bacleria l cell wall . However, Ihey are
permeable lo molecules 01 a cert ain size and
wilh dislincl properties. lhis lealure can be used
lo produce novel nanolilters. Such lilters can
even dislinguish between verysimilar molecules
- tor example differenl Iypes 01sugar. The figure
shows a compuler model 01 a PhoE lrimer 01
Eseheriehia coll. Apore has an apertura 01 about
0.7 x 1.1 nm.

lhe array lechnique opens up allraclive
possibililies lor DNA and prolein chips operaling
complelelyeleclronically. Such biochips can be
used as part 01 3 so-called .Jab on a chip" and
as complele microanalysis syslems.

Wilh Ihe aid 01 Ihe new AFM (Alomic Force
Microscopy) lechnique, iI is possible lo map Ihe
surlace slruclures 01 biological malerials wilh
almost alomic resolulion.lhis lechnique can be
used lo map individual DNA doubleslrands . lhe
pholograph laken by Prol. Dr. Norbert Hampp's
working group{Universily 01 Marburg, Departmenl
01Chemislry) shows a non-cnnt act AFM piclure
01 single pUC18 plasmid DNA alter being cul
twice (arrow). lh is DNA can alsobe manipulaled
wilh Ihe aid 01 AFM. lhus, Researchers have a
powerlul 1001 lor observing and proces sing
biological macromolecules in Ihe nanomelre
range.



Exam pl es of appl ieations trorn
nan ob iotec I1n oIogy

Biobased Technology
New hig h-tech materials for tho future
of computer enginee ring or med ic ine
will re qu ire a technologica l und er­
standing of surlace struc turos just <1

few nanometres in wirllh . It w ill probably
no Ionqcr b e pussi bl o lo I J:;e e OI1­

ventional. ge nerally co mplex producl ion
processes such as the fabric ation o f
microe loctron ic c omponents. For this
purpose it rnay, in co ntrasto nanoscale
structurr»: ;1I1 ~ 1)/ 1 )lllll :l ~d Il;IIlII;llIy with
th o airt 0 1 re ln fiv nlv s im p le a ll d
sus tainab lo tochniquos lJasmJ un lh o
pr inc ipies of se ll-assernbly.
Nanob io te c hno lo gy m a ke s use of
such ..srnart" struc tures 01biomolecules
- as can be foun d , for exam ple . en the
surface o f bacteria - lunclioning as a
template . H ighly se le c tive fil ters .
ca ta lys ts . m at erial s for bi oba sed
electronic circuitry etc . can be prod uced
by depositing metal s o r o the r sub­
stances. The templates can selec tlvely
be modif ied in nanodi men sions by
means 01 genet ic me thods. This is an
enormous advanlag e to ad apt the
natural te m p la te to tec hn ic al re ­
quirements.

lransmission eleclron microscope piclures DI
plalinum cluslers (Iarger pholograph) synlhesized
on bacler ial envelope proleins (S-Iayers) via
biomolecular lemplalíng.lhe average cluslersize
is aboul 2 nm. lhe arrangemenl 01 Ihe cluslers
slriclly lollows Ihe symmelry 01 Ihe underlying
prolein ternplate (small piclure). lhe ctusters
prelerenlially grow in Ihe pores 01 Ihe prolein
matrix. (Oresden University 01 lechnology, Inslítute
01 MalerialsScience, Prol. Dr. Wollgang Pompe
and co-workers)

Nanoparticles as tools in medicine
1I ha s p ro ve d difficult to channe l
pharmaceutic als into the bra in. A type of
cell barr ier protects the br ain from
pathoqons and many harrnful rnolecules.
This brood- brain barrior also dcnios
accoss lo mnl1Y thorapout ic subs lancos.
Slu dies have shown that nanoparlicl es
(diam eler belween 10 and 1000 nm) with
distinct surface properlies can overcorne
this barrier. At tne University ot Frank furt
; 11 11 M ; li ll , ¿¡ IC)¿1I1l J¡ r.:lrt(~d hy rrnr. Dr. .lorr¡
Kreu lor is succcss tuny work il1Y 011

lmn sfcr in¡,¡ substancos illlo lile brain with
the Ll id 01rnicroscopically srnalt píastic
spheres.
Magnel ic nanoparticles could also be 01
use in corn bating cancer, as shown by
the so-called magnetic liquid hyperthermia
developed by Dr. Andreas Jordan and
co -workers at the Cha rile Hosp ital in
Berlin : Firs tly, iron oxide pa rt icles are
selectively transported into the carcinorna .
Then, an alterna ling rnagnetic field heats
the nanoparlicles and thus the cancer
cells. which are killed by overheating. The
partic les are produced for instance by
the Leibniz Institute for New Malerials in
Saar brück en (INM) . ProL or. Helmut
Schmidt and colleagues from INM atternpl
to mod ify the suríace 01 the nanopa rticles
according to the requirernents of the Berlin
group so that the particles c an be
delivered to the blood strearn. Above all,
only cancer cells incorporate the particles,
so that healthy cells are unaffected.

Gells 01 a malignanlbrain lumour(glioblasloma)
wilhoul (small plcture) and alter Ihe uptake DI
nanoparticles (brown specks, diameter aboul
13 nm).

Protein design tor optical intormation
processing
Bacteriorhodopsin or ig inales from so­
called halobacteria using this protein to
convert light ene rgy into other suilable
Iorms 01 cn crgy. Bacteriorhodopsin
changes co lour frorn purr ia to yellow
when il is irradiatod by lig il!. Tlle photo ­
chrornic proper ties can selec tive ly be
modi fied and slabilised with the aid ot
genetic techniques. This entails it is inter­
r.slinr¡ as a hiqh -porfonnance materia! íor
opt icut modin. ()SIllJ<:i: i1ly Ior I IOIUUr¡lpll ic
pattern rccouu ition aud intarferornetry.
Many other applicalions aro aíso possible.
For examp le. b iof ilrns coated with the
protein can be produced Ihus creating
op tical da ta memory systems w ilh
extremely high cap acities. In the past few
years, the necessary biotechnol ogical
tool s have been es tablis he d so lh at
bacleriarhodopsin can be technolog ically
e xp lo i ted . Research is cu rren tly
undertaken on integrating the new material
into op tical systems ready far app lication.

Small pholograph: Bacteriorhodopsin changes
colourlrom purplelo yellow when il is irradialed
by lighl.lhe grealer piclureshows a test pallero
on a bacleriorhodopsin display. lhe biodisplay
was developed byProl.Norber! Hampp'sworking
group (Universily of Marburg, Oepartmenl 01
Ghemislry).
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Several years ago lile culluring and rnul­
tiplication of living cells derived Irorn
hurnans (and anirnals) in the laboratory
outside lile organism was still inconcei­
vable. Today a young branch of biotech­
nological research - tissue engineering
- isvery mucll involved witll tllis proce­
dure.
The first applications are already to be
found in clinical practice. By using new
ccll cullllring technioucs anu olher inno­
vative technoloqies implcrnented in tls­
sueengineering, paticnts can be treated
wi th new blolooicallv .manuíactured"

*1

body'sown (autologous) cells. After theír
in vitro multiplication outside me orga­
nism, they can be applied after reim­
plantation, for exarnple, for the regene­
ration ofdamaged tissue (see also p. 3).
For otller purposes - the reconstruction
ofa damaged external ear, for example ­
using apprapriate measures, the cells
are afforded the necessary functional
stability. To achieve this, the celis are
cullured on a ínree-dimensional carrier
(matrix) made of a biologically compati­
ble material.
The firstmajar successeswere achieved



Implant

To repair bone, precursor cells and bone cells are applied lo a Ihree-dimensional carrier malrix

(Ior exarnple, collagen or a biodegradable polymer) and slimulaled lo lorm a new piece 01 bone.

all, howcver, lho conslanlly inercasino
dell1and for roplaccmont tlssues and
organs. Numcrous rescarch groups nave
become established in this area over the
last few years, Germ án scientists playing
a significant role here inEurope.
To irnplemenl lIJe extensive knowlcdge
gained wilhin lhis ficld in practico, with
its funding activily .Tíssue Engineering"
(Firsl announcernenl of 13.1.2000), the
Bundesminislerium für Bi ldung und
Forschung (BMBF - Federal Minislry of
Education and Research) promotes
industrial research and precompetitive
development projects. Funding is con­
ducted as ajoint initiativewith the Health
Research Program of the BMBF.
Financial aid isgiven inparticular topro­
mote work conlributing lo lheproduction
of biological material for tissue recen­
struction and hybrid replacemenl tissue
al lhe three levels of lile molecule, celis
and tissues and/or organs. Projects rela­
ting to human embryonal stem celis
research are excluderí. ri

the interaction of thestructure and func­
tion of organic cellular tissue - in addi­
tion to lhe practical applications. On the
other, considerableknowledge is expec­
ted lo be gained in lhe field of the Iife
sciences.
The driving force behind the rapid deve­
lopment of tissue engineering is, aboye

This auricular cartilage Iransplanl was grown Irom human cells. Pholo:Slalus atter 7 days' in vitro

culluring (Universilalskliniklm¡ Ocnjiullin Franklin, IINO·Klinikand /lG Iissue Enginccring, Charlt é,bolh Oerlin, Gcrmany).

with the generation of larger cell aggre­
gates as well as .spare parts' for dama­
ged blood vessels, parts of the heart,
jointsand even nerves. However, there is
still a long way to go until entire organs
can be manufaclured in the laboratory.
Furthermore, activesubstances for phar­
maceutical products can be tested on
tissue aggregates and organ substilutes
grown in vitro. The resulls from lhese
tests have the advantage that they are
directly transferable to humans. One
desirable .slde effect" of such tests is
the reduction in the number of animal
experiments.
Tissueengineering is based on the ínter­
disciplinary collabora fion of scienlists
from the fields of biology. chernistry,
physics, material sciences, appliance
and process engineering, informatics as
well as medicine. As a resull of the coo­
peralion between thls large nurnber of
scientific disciplines, on the one hand,
and the taskof investigating further into



Tissue Engineering: Examples of Use

Heflrt valvas Irorn auloloqous tiSS1I8

II" lIlMl lI I,a:; heen :;pOII:au il'l"l::ml:i1 irlloll'pla

CI)IIII)III I U ~ ;1I1 valvus 1II;II Ul fac!t uud lIillsYlllll d ieally

SillCIl IO!JB. IIIlUUI(I olhur t:lullpalliu:;, t:lJIVOlkUl:; al

[liollicOl" (,IIIIJII illl hlCllill!lell near riilJill(l':lI lJawIIl:UII

illvolved ill IlJis rnsnruch. lis sl;l/lill 'l nrnerial, I/u:y

havo lJenll usill\l pOlcille IJml l valves. l.iku IlJeir

Iuunan COI l/llwp,lI ls, I/Insll 1:lIlIlIl/i~u IUl;1/ 1 cell:;

!JrowlI 011 a sUPPOl lillU mll;l/lell lIIalrix. Colollisalioll

by IIUIII,1I1 heru t w lls ill a lIiornaclor (pllolu) !ollows

1I:llIoval 01 1/ ,,; pOIl : il l/ ~ 11/:;11 1edil;.

Wllal i:; ;;plleial al"'1I1lIu; w,uldwid'l, pall)lIll)d P" If:I;

,hl/Il i:; I/" l h;I/I:;llIlllIalioll lll ;I/Ii,llal C1111;UII:1I inln 1/,,:

human Ioun? 111 IlJi;; way, a lJi% llical IJml l valvl; is

erealm l írom 11 1/: palilllll':; IIWII lissuu, Wl lid l e.m ho

iransplmllell willJol ll allY prolJlellls, caw;ed lJy 1/ 10

bodys irnmun response. Aller manulacturinq a large

nombcr 01 such vaíves, clillical slotliesmeplallncd lor

lhe not loo (lislilnt íuture.

Porcine hearl valve in the bioreaclor.

New cartilage for joínts

One 01I/Je illremly establishco applications of tíssue

engineeriny ls the yrowlh 01 cbrondrocyíe (cmlilaye

cell) íransplants 101" Ihe treatment 01l/m knee joinl:

Heall/lY chondrocvtes me removed írom Ihe patient,

culluretl in aolologous SWIUII ln l/le lalJllIa lOlY alltl

allowetl lo proülerato over a pcriod 01 íour weoks,

aller which lIJe cells ale llallsplarlled mto lile kllee

[oint, where Ihcy begin lo lorrnnew10nll -llCming car­

lilnye.

Since 1D97 il has beeu possibte lo ueat over 800

panents successfully wilh sllch íransplants manorac­

turedby ca.don AG in Tellow near Berlin. This compa­

IlY belonqs arnongsl 11 10 leailill!j concorns Ior 11 10

reqeneraüon 01carlil,l¡)inous, osseus ami üuervmtn­

1)[<11 disk tissuo. IIlei, resl,arr:1 1ínto 11 10 !llolVlh 01 cal '

lil,lgCami bono has bcen sponsoror: by llJc lJM8r lor

many vears.

Produclion 01 biological "spare parts" in a crean-room.

•
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TSE-Diagnosti cs

Prions: The Spongiformous
Damage of the Brain
The search Ior an innovative diagnostic tool forTransmissible Spongiform
Encephalopathies (TSEs) is being funded by BMBF

Pt~
Projr kHI.l gN devaMOF und BMWi
f orH hu"tJ\ l C"n truln Julich Gmb H ·

TIl() nnpo.nanco of
.mad cow rlisease",
BSE (Bovine Spongi­
iorm Encephelope­
I/ly), in Germany

since lhe end of lhe
year 2000 deman­
ded lhe develop­
ment and establish­
rnent of new dia­
gnoslic procedures
for TSEs tTmnsmis­
sibte Spongiform
Encephalopa tntes;
in humans and in

animals.
TSEs cause an increasing loss of

lunction 01lhe brain which results in
initial clinical syrn ptorns as behaviou­
rat and motor dislurbances which
always lead lo death in lhe longer runo
To dale, neither any Iorm 01 therapy

nor a vaeeination aqalnst TSE is aval ­
lable. Apart Irorn hurnans and cante
TSEs have also been observen in
numerous other species. Known lor
the lonqest period of lime is scrapie in
sheep, which was already reporteo in
1732 (for more see Box p.2).
So lar, BSE has caused considerable

damaqe in agriculture and in tho meat

It is even more worrying that a new

varianl 01 lhe human Creutzteldt­
Jaxob Disease (veJO) mighl be cau­
sed by infcelion due lo the consump­
l ion of BSE-contaminaled rneat.
Accorcling lo the currenl state of

knowledge, TSE palhogens lJelong lo
a new class 01palhogens - patholoql ­
cally mislolded proleins . Prions repre­
sent the pathoqenic Iorrn (PrPSC, Se
for scrapie) of a healthy, ceílular pro­
tein (prpc, e for .cellular"). The patho­
logieal prion prolein does not differ

ehemieally Irom lhe normal lorm.
However, the lhree-dimensional Iol-
t ri,H I nf tl l l\ Il l"l ,","nn'l l\l n ro.dn,... .1 ;Ir .",rr'

lwo compuler-based rno­
deis 01 prion proleins Ihal

. are complelely idenlical in
Iheir chemical composi­
Iion. lhe lelhal difference
is caused by Ihe spalial
lolding 01 Ihe molecules.
Cellular prion proleins
(PrPC) are proleins formed
in Ihe plasma of Ihe brain
cells. On Ihe lefl, Ihe heal­
Ihy, normal lorm, on Ihe
righl, Ihe inlecled, lSE­
Iriggering varianl is depic­
led. Prions represenl a
class 01 palhogens Ihal
conlain no genome.



Worldwide distribution of BSE (reported cases)
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wllicll is accompanied by a consider­
able difference in physical and bio­
chemical properties: In lhe healthy
organism, lile protein exists as a sin-

glemoleclIle, bOllllcl lolilesurraceof
the cells. The palhogenic variant
torms large, insoluble aggrcga les that
are exlremely stable: Only concentra­
ted acids or bases anel chlorine-con­
laining solutions are capable 01relia­
bly inaclivating prions. Conven tional
elisinfectants, on the other hand, are
ralher ineffective .
Up to now, lile unamlJiguous ldenlili­
calion 01 TSE diseases has only been
possible alter death and recu res lile
samplíno 01brnin nnd/or splual mar­

row lissue. 111 [Ilesasamples lile COI1 ­

cenlration 01prions is sufficient to be
...J .&. 1 1 1, .. ", 1 · ,.... ,...r J• •• . ,.... ,.,.

giving the clisease its name ("spongi­
Iorm"),

Prophylaxis, loodstuff ano drug satety
requ ire newand more sensitive detec-

lion methoclsthan Ole quicl\ test used
LID unti l now. They should enable a
reliable diagnosis 01 TSE in humans
ancl an imals at an early staqe 01íníec­
tion. Above all, the tests must be fea­
síble lor living organisrns and use rea­
clily accesslble lissues or body f1uids.
Thus, wililin the scope 01 tne BMBF
fU llCling aclivity "TSE diagnostics" and
the Gennan Federal Government's
Irarnework programme niotocnnotoqv.
innovative approaches are being dem­
andcd. Spocial allenlion is being paid

lo procellurcs IIw t enable rel iable,
Ilighly sensitive anel economical

1\. " ,n ,... r¡n'"'t"l ' ¡ n""l n thn\l ,...h r\l l lrl

Transmissiblc Spongiforrn
Encephalopathies (TSEs)

Iransmisslble Spnnqilorm Encephalopalhies

(TSEs) inctude lransmissible, sponge-Iike

chanqes01Ihe brain in humans and animals.

In general, they are neurodegeneralive císea­

ses, characterlsed by a long incubalion period

(many years up lo decades), necrosis 01 nerve

cells and a massíve dcyradalion forming

sponge-Iikesiructureswilhin lhe braín.

The disease causes Ihe stepwísc loss of brain

funclion, which, in addilion lo ínil inl behaviou­

ral and molor dlsturbances, always leads lo

dealh.To dale, thereis neilher anylorm01 lhe­

rapynor vaccinalion againsl TSEavailable.

Apart lrom BSE in callle and scrapie (lhe

oldesl known TSE) in sheep and goals, lour

other TSEs in mamrnals are reportad so lar :

lhe ChronicWaslingDisease 01 certain species

01 American deer (CWD), Transmissible Ence­

phalopalhy in mink (TME), Feline Spongiform

Encephalopalhy in cals (FSE) and spongiform

encephalopalhy in anlelopes.

In humans differenlTSEs like lhe Creutzteldt­

Jakob Disease (CJD), lhe Gerstmann-Stráuss-

ler-ScheinkerSyndrome (GSS),the FatalFami·
lial Insomnia (FFI) and Kuru aredescribed.



Examples of diagnostic assays tor TSE

Ouick Tes t
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1he quick lesl is Ihe most common 1I0lf ~cl ioo assilY

em[lloyell 1I111;lY. lo lIeleunilm WIIl ~1I11:1 palholllllical

plioo plCllein:; (/lIV;!.) ;lIe I II l ~solll ()f uot, 11 11) resi­

SI;IIIW of /'//':' : low;nll:; 1I11 : plllll!Ír¡ r1i!",:;liul/ ""/Y"II~

"IJlu/l)illa:;e K" i:; l ~xph ¡j /l : 1 1. I xllal;I:; lakl:u Iiolll 1I1!!

¡IIaio lisSI II) 01aoimals all: sullloillotl lo plolt:illasl: K

Ilealrol:ol. Ih" nonnnl loun, "11 " , i:; comph:ldy lIi111 :'

stcrt. whcll :a:; 1I111) lo ils !Ireal slahilily. Ihe palllo!Jellic

/OIm Icsirlcs as a shlll lcocll molccutc wilh ;1 :;m;llIel

number 01amillo m;ills. 11 18 plOleillasn' lesisl;lIll íorm

can thenbe inllTIIII10lmjically rlnleclr.r1 willll'll' ·spr.ci·

lir;anliboúies.1hehuUe lIismJvallla!Jn 01 Ihr: quick test

is Ihe rr.slriclioll on malnrial dnrivt)d nom dead

;IIlill l;¡I:;/lll!FIIlisIIIS.

Quick Test:
Exploiting the proteinase K-resistance of prions

Prpc Prpsc
+ +

-. '!/I¡¡¡.
PrPSe alter PK- Irealmenl

WeslcrI1"B1ol 01samples 01ínterest :
: wilhout proteínaseK (PK)

+ : samples treated wilh PK

Ui lfl ~fl!I'C~S betweeu tne ,KlIm.,1
aml pOllholoQic;¡1 forrn o, prion
protein can be nsuanseu by
trnmunolootcal ass:lYs (p..g .

\Vesl efn Blol and ELlSA).
In Wcslern 0101rxpcflmr.nls rK·
'rc:Jtcd sarnples are sep;ualed
in a denaluring gel due 10 Ihe
dislincl sízeof tne proteins.After
IheIrtlnsfer toa memt nane, only
Ihe PK- fesislenl " egmenl o,
PrpS< can he detecten by P,P­
speciñcanübodies.

Single"fllolecule testing
lo t:IlllIllICI a 11 ::;1011 livill!) rll,,;¡IIi:;m:;. IlIirlll:; 1¡;1Ve lo

bedetecteu io bodylIuids slll:h ashlood. IlIioe tll spi·

IIal Ih,ill.llec;1I1SI) 11 11: t:Illlwll ltali,," 1I11 11i1l1lSin 11 1":'1 :

Iluirls is vCIY IOIV, 1111) 1r :~ ;llIIu: ;1 he hilJhly :;ou:;ilivo.

11 promi:;iu!J led lllolouy cou:;idelill!J 11 11 : pruhlern 01

low prionprolein conceníratonsin living o/!lanisms is

providetl by lile so-caucu ruullimotle lIuorescence

spectrornoter (Evoloc Aonlylical SYSIOOlS ¡¡mbll).

whir;h allows lile deteclion o/ sio!lle molecules.1I1SE

test usinq this technique exploits Il1c propr rly 01thc

prions lo 101 111 lalue, stable amlle!lales. Special Prl'

1I1010cules with a liyeatlachcli cau l1illlllo 1l1c auure­

g"ls lalJollinu Il1c I'rions. Tl1us, allowiun lile suIJsc·

quonl (Icteclion lJy fhlOl esccnco sprclloscoPy res is

[lossilJle.

-

Cell cultures
~; I i ll cou:;irlt!lt:li as the uulli slauliarli will1 renalll lo

the aV;lilal1le lSI: assays is lile iuloclion slu<ly iu

:U l illlal ~ ; . 1111 : l!lfl:d ohsl~l v, : 1I I1f!1c i:; ha:;t:1l 011 Ihe

iufcl:1iv ily 0111 11: :;;lInl' lo iu 1I111:sliou. ll i:;;lIlvaulaucs01

Ihis tcsl all) Ihe IOO\JiuculJ;l li'J11 limus as wullas ethi­

cal aspects 01Iheauilllalexperiment.

Exploilinu 1I 1l: palhoj enic ploperty 01prions 101 a test

is highly spccilic, yel onlypossibte in livinu svsterns.

An alternaüve lo anilnal expcriments lIIighl be provi·

<leú by Ihe (levelol' lIIcnl 01 susceptñue cell cultures,

allowin\1the propaqalionanli (Icnelaliono! newmtec­

lious pi ions in vnio. Such a lesl ís IKlse<l on Ihe bio­

logical propel lics 01 lile prions. Tlle il1 vitlo growll1

woul<l Ile higllly specific amI coultl be valilialeli by a

quick lesl or sorne olher <leleclion mell1od.

So far, animal experimcnls are eonsidered as the gold standard wilh regard lo ¡nl eeli on slud ies.
But in vitro systems may provide suitablc allernal ivcs in Ihe fulure .

3
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The ailll ol lile l3M8F fUlluiny activily
"TSE-diagnostics" is lile development
of new alllJ lIiyllly sensitivo detcction
meíhods that providea reliable diagno­
sis in luunaus ami inamnats al ;11\ oarly
a phase uf infectioll.Tlw ass;IY SllOllld
be applicalJle to living orqanisms and
sllould only requíre readily accessible
tissue or body f1uids.

Funding will address lile following the­
matic priorities:
• Investiyalioll 01 lile plOpellil):) 01
the TSEpall1ogen, allowing lile dcve­
lopment 01new testing procedures.
• pathogen classilication and dilfe-
rentia tion,
• eslablishing lransgenic model
systems,
• application 01 proteomics lo identi ­
fyTSE-specilic rnarkers and 1l1eir
exploitation to develop immunological
tests.
• biophysícat and biosensoric
detection rnethods.
• validalion 01 tests.

The ongoing research proiects include
optical delection meíhods, which ex­
ploit the structural properties 01 lile
pathogen, in particular, lile ability lo
form aggregates. Other projects aim al
lile diagnosis 01 human Creutzlelrít­
Jakob dísease. immunological diagnos­
lic methods as well as lile standardisa­
tion 01new testing procedures. Furlher­
more, projects lor establisll ing cell cul­
tures as test systerns, lo (Iiagnose TSE
in deer and red deer aswell as lile eva­
luation of decontaminalion procedures
are considered.
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The desire to undersland the molecular
basis of Iife is nol new; it can be traceef
back al least to the first half of the 20th
cenlury. It sumrnarises the stucfy ancf
influencing 01 lile al lhe molecular level
and lhe resulling beneíit for biology and
medicine. This alone is not sulficient to

the interactions between the cellular
compounds.This ls the long term object
of the new discipline of svsterns biology.
Oecades of research work using
meíhods of traditional hiochemistry and
molecular biology have Jed to the identi­
fication 01 genes and proteins and lo

BundesminisleriUn!

tür Bildung
und Forschung

Ptl!)

.: ;A .reallly-based .'compuler
. model 01 abiological funetional

unil- lorexample acell- isIhe
aim of many researchers. It
offers Iheunique opportunity lo:

gain a beller understanding 01:
complex lile processes. On Ihe
basis 01 Ihe system's beha­
viour, hypolheses can be deri­
ved from Ihemodel and tested .
in experimenls lor Iheirvalidily.
InIhisway il will bepossible lo
generale new knowledge on
Ihecauses and effecls 01 dise-
ases. . . '.~ ./
External influences ; on Ihe:: '
syslem (e.g. Iheimpaet 01 loxic
subslances) can inilially bestu­
died in Ihe model and Ihen
simulaled in 'an experimenL
This would help lo reduce Ihe
number 01 expensive loxicalo­
gical studies. However, il will
be necessary lo first develop
'ha CO,.iDn.ifi,.. h!tc:ic: fnr C:llrh :1
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• T,,.nll:l:lllnn · nuru: PI I

.Oeslgo:
markelingncllwerk. Ber"n

• UlhographyandprTntlng:
vicie Oigilalp<int +Me<~afalJrik GmIlIlIICo.KG

. .,Framework Programme Biotcchnology:
, http://IWNi.bmbf.delpublrahmenprogramm_bio- ,,
., technologie.pdf . , ., ' '

. !

' .. .,

. ( .'.. ,;

< ."~ i:: -". • ~ .

. ...\ ; . ;
. . . ,.~ .

• publlshedby:
ForschungslenlrumJiilidlGmbII
Projcl<l1r:lqef Jülich(pIJ)
desBMBf und des BMWA
PIJ ·Aullcnstelle Berlin
Wallslrallc 17·22
0-10179 Berlio
TelepOOne:++49·30·20199·431
Fax: ++49·30·20199·4 70
E·MaII: bcol1,_'-lueliclule
Inlo: hltpJIwww.l.·juelich.de/plj

, '( o • o'.

• Editor.
Dr. Michael Ochcl (pIJ)

, . Photographs:
Inlormalionssekretarial
Biolechnologic lS8(2); Avenlis Pharma (2):
VlfChow·KliruKum Berlin. PEl,lJIliv, LclpziglBade1

, . supportedby !he:
Filderal Ministry lO(EducaUon

. aro Research
HeioemannstrnJle 2
53175 Bono

Dr. Erleh Slüttgcn
Tclcphonc: ++49-2461-61-4322 .
e.sluettgen@fz-juclich.de

.', ...

, Fundingaclivilies00 lheInlerneC:
, hltp:l/IWNi.lz-juelich.delplj.-. " . ' ~

CONTACT . A O O R E S S :

:,: Forschungszenlrum JülichGmbH
..' Projekltriiger Jülich (pTJ) ..
:: ' D-52425 Jülich . ; ., .

: ' : I M P R E S S U M

Projeklcoordinalor of lhe
BMBF·Funding Aclivity .
Systems biology:

,Dr. Jens Doulheil
DECHEMA e.V.

: Theodor-Heuss-A1lee 25
D-60486 Frankfurt

! . Telephone: ++49-69-7564443
. Doulheil@dechema.de

.... "

f> Dr. Gisela Miczka .' ;:\. .. ' . ", .
. .Ielephone: ++49-2461~61 -271 6 · ....·.'· , :\ i -

.: g.miczka@lz-juelich.de - : :, :: : ," , "
, . . . '~ , .... .'.. : ,~: -,';.~ . . .. ..

Wi lllin lile Irarncworl< 01lile fUllCliny priorily "Sysíems 01
life - systerns biology", the BMBF is planning to set up an
intercJisciplinary compotencc notwork linl<ing the bioscien­
ces wilh the systems and cngineering sciences, computer
science and mathematics under lile umbrella of systems
biolo¡¡y.

Systems biology will be funded over several lunding pori ­
ods. To establisll a national nelwork ot cornpetence, th ree
collaborative projects and six individual projects Iinked wilh
the platforms were selected for the first funding periodo
Alter two years an evaluation step of the competence net­
work wil l help to decide on the lurlller development of lile
neíwork.The aim is to lncorporatc lile nalional funding
proqrarnme inlo inlernalional systems biology activilies.

The compelence nelworkwill locus on ihe devoloprnent of
slandardised methods, tools and cell material in order to
qenerate comparable data right fram the beginning of the
funding rneasure,These dala, saved in a joinl database
serve as a basis for the development of a vlrtual mooet 01
the hepatic celt

lile network o! compcícnce consisls 01 lile threc modules
of rnclhods dcvctoomcnt, Illoclellinu (lnd cell bioloOY, which
must all be closely interlinkcd.

Tne individual research aclivilies will be supoorted in lile
íorm of cnllaborallve proloctsor as incJividual projecls wit­
hin lile frameworl< of the planned platforms "cell biology"
and "l)lOdelling/bioinforrnalics".A coordinalor at tllC

DECHEMA Gesellschaft für Chernlsche Technikund Bio­
tecllnologie e.V. will assist witll the coordination and ínte­
gration of all the researcn aclivi ties witllin the framework
of the compelence network.
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National Genome Research Network NGFN

.üenome Hesearchüontríbutes to
Fight Major Widespread Diseases
The German Federal Ministry of Education and Research is Funding the Systematic Functional
Analysis of Genes as a Contribution to Prevention and Treatment of Major Widespread Diseases

Ovcr lile lasl Iow yoars. (¡cnomc re­

search lIéIS acl1 icvcd c(J n~;i li er ll I J lc suc­

cess, IC(lclinQ lo new molecular
methods. which loday can IJe implernen­
lecl on a rouüne oasis in medical re­

search. As a result of decocling Ihe
human qenome, pathoqenetic research
can now beconoucied more effeclively.
Althougll great ímprovements in modern
medicine could be achieveu, about two

1I1irds 01 all diseases still can olll~ IJe
treated on Ihe level 01 symptoms and
remain causative incurable. Ihereíore il
is essenlial lo qain íuríher insights ¡nto
the molecular and genetic causes 01
diseases.
By establishing the National Genome
Research Network (NGFN) íhe German

Govcrnmenl is laking up Ihe new and
promising possibilities al combating
diseases. Funding started in 2001 for an
inítial period 01 three years witll a total
sum01180 million € , center 01atteníion
being maior widcspread cliscases. Due
to their Irequent incidence ami high

morlalily ra res as well asdue lo inenur­
den thcy represent to lile health care
..... .....l,.......... ,... .vf thnrn frwn t" f l 'io n :l t i ()n ~1

chers wilh diflerenl backgrounds is
required: molecular geneticists, clinlci­
ans 110m disease areas, specialists from
Ihe area 01 bioinformatics, protein re­
searchers as wcll as biostalisticians,

lIley (] II llave lo conlrilJutc tlleir specific
knowledge in jointprojects. The NGFN is
11 11 1<: nrn;¡ni7NI in ;¡ rnnnp.r;:¡ tivp. natwork.

Speeilic melhods sueh as
DNA Chip Teehnol~gy help
scienlisls lo idenlily genes
lhal effeel diseases sueh as
cancer or hypertension. In
Ihe NGFN experts 01 various
areas 01 researeh work 10­
gelher. The eolleelive resulls
01 molecular biologisls, elini­
cians, genelicisls and bioin­
lormalion sclentlsts make up
lhe basis 01 significanl pro­
nrP.~~ in lhp. nreventlon and
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Cancer

Disease-Oriented Genome Networks

Diseases due to Environmental Faclors
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8ellin. lúel. MúncluJII

Research areas: Cl1rooic iollallllllalory howcl díscascs: alopic lIerlllatitis (inhClitell duoruc inllal1ll1la lion

ni IIlIl :;kin): allm!Jrlfl imllll:r:d Sl l fl:; i li~a l iofl amI f[)spiralOlY inllal1ll1lalilJn; pSOI iasis: sarcuidosis IchrolJic

U¡;\lllllol1latulIs llisolllel polclllially a"IH : l ill~ J I1Il'St OI UaflS).

assistance in clinical rcsoarch. uso of
common infrastruclure as well as an

orqanized exclwnge of mnteríals and
experience.

By identifying disease-relevant genes
amI llnalYl ing lhcír Iunclion, il is possi­
ble to unuerstand lhe causes 01disea­
ses.As a resull, enances increase of fin­
ding new approachcs for diagnoslic and
thempoutíc proccdures amI 01dovelo­
ping new activo substanccs lor unat­
ment. In addition to lhe bcneíil lor
paí íents, the success of the research

conducted by the NGFN may also sub­
stantially influence natíona' economic
prospecl. The international competílion
in the field af genome research is con­
siderable and therefore a ropid íransíer
of results fram research to commorcíal
exploitation is a main conccrn of the
NGFN. This is taken into account by l/le
participation of various biolecllllolagy
companies in the NGFN as well as by
providingan cflicient svstern af propriety
rigllt protection and tecllllalogy transfer.

Ihus, 11 18 rumJing initia tive
NGFN is an írnportant írvosunent lor lile

future, wllich will strengtllen tbe Ger­
man position in an interna tionally Iligllly
compelitive fie lcl, including competiüon
for future rnarkets and iobs, in particular
compared to tlle leading industrial
nalíons in íhis field: USA, Japan and
Great Brilain.

/ ;!/II/(': IJ/'I't'!OI Ill/l'11101.1 111;//;1111;/111/1111/11/.

Umlin. Ellangen. Essen. Fliln!dlll1, /I'/linchen

nesearch areas: Irlefltilicaliofl 01calldirlall! !ICIWS for hll11urucllesis; cancer classification; hioinforl1lalic

analysi:; nI r.Iinic;ll allll !I/!lllltie dala 101 I1Inll! po!cisc lfialllloses ;]ml fllcdic:liolls 01ranrnrous(fiscasc 0111­

COI11C; r11!Si!J1I ni uew ¡>xllI:rilllllfllal shale[lies. /lflalysis 01 the hiolo\lY (JI vanous 11 111 1111 s. espcci~"y I)lcas!

c;1I1cm. l1Iali!lllalll lymphomas. lal!IU I1m'Jel l1Iali!)lIallcies, hraill 11ll1IlHS. coloreetal canrer al1llacure leu­

kacl1Iias
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Diseascs of the NervolJs Sysíern
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IVlo IImlCl wciyhl ami oIJesilv ami prlon díseases.
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Cardiovascu lar Diseases
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Infection and lntiarnrnatlon
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,vdp lll ir 11111'" r rvlhr.lllaloslIsl: 1lI0hlelllSrcslIllillH" 0111 host-baclcrium illleracliolls ((!.I/. sepstsalld pullllonary
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Organisation ancl Locations

LOC<lliOIlS of lile institutions Nationat Genome
Research Nelwork
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Clinical research is mainlyconducted by
universily inslilulions. The live dísease­

orienled genorne nelworks (red) relate
lo lhe areas cardiovascular diseases,
cancer, diseases of lile nervous system,
diseases due lo environrnenlal faclors
as well as infeclion and inflammalion.
The disease-oriented researcll groups
cooperate closely willl lhe scienlisls

warking in lhe carearea (yellow) andlile
plalforrn technoloqies bioinformalics.
proteomics and ihe cenlers 01 genelic
epidellliological methods (GEM. bluo).
Main research arcas in lile core arca
are: Genomic evolulion and sequencinu,
genc expression analysis, phenotypinq,
genotyping, bioinlormatics, protcin re·

The research groups working in lile core
area amj lhe plattorm technoloqies are
precJorninalely localed in non -tniverslty­
alílliated research inslilulions.
Two cornmittees guaranlee lile success­
fui implemenlation 01 the goals 01 me
NGFN: The . lnternal Board" (Projecl
Committee) 01 the NGFN and lhe exter­
nal Sleering Cornrnlttee.
The NGFN bureau for Projecl Manage­
menl andlhe NGFN TechnologyTransler
Agency are localed in Bonn and Mün­
chen, rospcctivelv.
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New efficienl rnelhods far functianal proteame analysis

No life without proteins

Elucidalion of protein functians reveals 1I1e secrets af life
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Deciplwring the genetic code 01 humans
has been one 01 ihe greatest achieve­
rnents 01blosciences. Bul Illis success
has aíso led lo lile sobering finding tllat
íhe genelic 'codo alone does not provide
sulficient inlorrnalion on the structure
and lunction 01proteins. However, protein
molecules are necessary íor all important
activi ties 01 living systerns! Thus, íor
example, the process 01 seeing - starting

from íhe crystalline substance of the eye
lens lhrough signal transfer up lo ima­
ging in tlle brain :.... is a cornplex lnterac­
lion 01 proteins, whose operation and re­
gulation are not understood trorn the
genetic data alone.
Insights into the complex processes 01 a
biological system are only obtained by
exploring the proteome - the totality 01all
proteins 01 a cell or an organism at a
deñned cell status.
Agene can produce many different pro­
teins which, depending on the location 01
acUon, perform different luncUons. Tne
slightest modilications of the protein
structure can disturb its function and
interactions and Ihus lead to diseases.

Understanding Ihe complexity 01 proteins
and their tuncfions is therelore a great
challenge tor lite sciences in the coming
years. The causes 01 disease can be
identilied and new Iorms 01 tllerapy deri­
ved . by exploring these correlations.
However, because 01 itscomplexity prote­
ome research requires tbe application 01
innovative methods and high throughput
technology.

l il e genome comprises l ile lola­

litY 01 genes, Le. the heredilary
inlormal ion 01 a cell or an orqa­
nism, They encone the proteins.
Tlle totality 01 protelns - the prote­
ome - representa a del ined cell
status characlerized by a charac­
teristic mixture 01 proteins al a
defined point in time. This mixture
enances constanlly in Ihe course
01 lhe cell cycle or Ihe lile 01 an or­
qanism, An example is caterpillar
and bull erlly, which exhibil dilfe­
rcnt proteomes while having the
sallle genome.

Nalure has lound ways to make
many proteins lrom relatively lew
genes. The human genome con­
sists 01 roughly 40,000 genes - not
many more lhan present in Ihe
planl Arabidopsis. However, in
human colls, in principie, UJl lo
400.000 differenl proínins can be
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This call for proposals tocused ontecllllologi­
cal development as a basis for creatínq an
active and internationally competitive proteo­
me scene in Cerrnany In tilo first funding
poriod eX\(:I Hlill \J ovor riv( ~ vcars, 75 mill io»
Euros nave beon appropriated Ior this purpo­

so.
In themeantime, thepharmaceulical anddia­
gnostics cornpanies ' interest in proteome
research has also risen worldwide. Many
diseases are caused by misdirected or failed
prolein lunctions - for instance, diabetes in
the case 01 insulin protein deficiency. Such
proteins are declared to become therapeuti­
cal largets. Applied for the establishment 01

les! sys!ems,l!ley enablelIJe development of
entiroly novel , tailor-rnade pharmaceuticals
with enhanced effee!.
Asales increase írom currentlyUS$ 1.5 bil­
lion to US $ 3-10 billion is expected lor the
global proteomics market by 2010. Ttlis
should have positive ellecls on the labour
markel, especially lor srnall and medium­

sized enterprises.
In the meanlime, an international run on the
seientilic exploilation of proteome researeh
has begun; the USA, lor example, will íund
ten proteome centres wilh US $ 150 million
in thenext seven years. The Chinese govern­
ment will provide US $ 200 million lar the
intcrnational human Iiver proteorne projeet.
No! least due to the 8MBF's early technology
Iundinq aud lile start-up acuvities in pro teo-

Fast protein chips

In biochips, lnmnnerahle prohe molncules are ñxed 0/1 a n1ass slide, a few square cen­
timetres in size,e.y. yene lrnymenls (ONA chips), dcíinud pruleins or knownanlibodies

(protein chips).
Thcse probc molecules can entran and retain matchinq bond partners írom a sample
(e.q. nloou senun) accordinq lo the lock-and-kev principie. Ihe motccutes 01 the test
substance me labetled wilh a uuorescent uve. lhe probe molocules which have bound
a partner aro rcveated throuqh this üuorescence labeílinq .
In this way. lor example, prolein markers in blood serum can be detected and a disea­

se diaqnoserl on a patieut.
Several thousand analyses me sírnultaneouslv possible wilh one chip. lhe successful
DNA chips nave already proved efficient in the automated analysis 01 hereditarv mate­
rial or in medical analysis. lhe protein chips attain ever increaslnq signilicance lor pro­

teome research,
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Proteins becorne visible

lhe exact tocaüzation 01n prolein inside a cell, Le. lhe delection 01 its location 01 action,
provides irnportant intormation lor luncliooal annlysis. For this purpose, special "lrai­
tors" were created, such ns lhe green-f1uorescenl prolein (GFP). 11 can be coupled lo
anolher protein and reveats lhe laller's tocation by glowíng. This made il possible lo
observe proleins in livin[l cetls lor me lirsl l ime.
Another lechnique, lhe multl-epitcpe-liqand nmplJing lechnology (MELK), combines lhe
possibilily 01 a selective Inbelling 01lhe protems searched lor wilh electroníc imagíng.
In lhis way, a spnlial slill piclure ol a cell's proteome state can be obtalned.lhe piclure
shnws a rnap01 Iwo celis 01 Ihe same type qenerated by the MELK lechnology. The indi­
vidual cofours clearly llislinguish lhe difl erenlly labelled protnín ctusters inside the ceus,
which me thus recognized lo be in tlillereut lunctional states,

FFE: free flow - more possibi Jities

Imlispensnhle íor lh(l rescnrchers is lhe pussihilily 01supnratinq a protein mix inlo ils
constituents. Greal progress has lJeen achieved lJyIree-f1ow electrophoresis (FFE). lhis
methodis characterized by the Iact that, in contrast lo "classical'' 2-D gel electrophore­
sís, lhe separation process takes place in a Iree-f1owing m édium arul the moleculesare
no longer emheddr.ll in a relalively solid gel matrix, 11 has mus neen possihle to lurther
íncrease lhe sensilivily. By means 01FFE, moreover, particles can be identifiell which
havenot benn separable in lhe past. In comumatíon wilh olher proleomic lechniques, il
is thus possible lo ohlain more inrormalion lrom complex biolcqical sarnples.
lhe npplicalJilily 01 FFE lor the analysis 01 diflerenl cell orqanellcs and membranapro­
leins is currently being lnvestiqatert wilhin the tramework 01 lunding estalJlished colla­
lJoralive projects 01 partn ers Irom science and induslry.

r FE nnuui t« I/w scnnuüinn n! l(i((I~II~lI t nmtcinnsotecntcs . (11 ontcr /0 tlo so, l/m nmtain
ntix is po1ssell in 01 IIl1i(OIl Il tiquk! ttow /(¡rollg(¡ iI clmtnbcr witn an etcctric tick! qeuera­
ttut by /wo etcctroites (al/ode iI/JI( cnttuule ). Oopel/dillg olll/mir c/mrge, t(¡e illdiv iduo1l
pro/dlls .1mI/ifforoll l/y dl?flecll'd 01111( /(¡IIS sopo1ra/m(. T/m ilflls/ratiol/ .111d p(lO/ograpll
sl lOw I/JC sop.1rali0l1c(¡ambcr, l/m 1/C011/ o( o1 l11odem FFEappara/lls.

Continualion Irom P. 2

Besides rescorch funding the lransfer of
know-how lo índustry and the economic
exploitation of results are important to secu­
re an adequate global market share for Ger­
rnany,
The "Deutsche Gesellschaft für Proteornfor­
schung (DGPF - German Society lor Proteo­
me Research)", to which a large number 01
companies are atñliated, supports proteome
research aclivities in Gorlllllny.
Al lhe inlernational level, national and regio­
nal proleome initialives are combined in a
global organization - the Human Proteome
Organization (HUPO). It pursues the goal of
advancing knowledge about the human pro­
leome. Germany has laken lhe lead in lwo01
lhe live HUPO projecls under way.

lraction
conector

elcclrical
flold



BMBF - Fundíng ofPtoteomics

Facts and Figures

On Juno. 1Sil! 2000, li le Gcunan
Fallaral MillisllY01Educa lionanll Bese­
ar ch (8MBF) c:;lalllisIH:d IIw ¡jllillclillns
101 1111 ) 11 1I 1I1in!l pliol ily "Now elliciont
mclhods fOI 11I11I :lilJlI;11 prolcomc analy­
sis" . An experl pane: selected lile 28
most innovalive projecl ideas Iron: 136
proposals submi ttor!

A total ol 117sin(Jle heneficiary pro­
jecls írom scicnce ami imluslry are
involved in 1I1is research proqramme.
Total cosls are in lile lange of 100 mil­
lion Euros.The BMBF funding is around
75 percent. lile remalnder is financed
by induslry.

ProteomResearch in Germany
1'''' ._ .•__ .. ••- ~ . . •- -~ . •• '

:o Pm)ecb from
Ind uetry .

The research proqramme incorpora­
les universities, non-universily institu­
tions as well as small and rnedium­
sized industrial enterpriscs (SMEs) írom
all over Cermany. Particular efforls are
concentratcd in Bavaria, Norlh Rhine­
Weslpllaliil illlCl Berlín. These regions
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The rapidly growíng resources of mole cular biologícal rese­

arch have made genetic englnceríng one of the key techn o­

logies for the coming century. MI important field of appli­

cation for this techn olo gy is plan t breed lng and plant bío­

tcchn ology wíth the opportunity of improving the Iood sup­

ply and 01' producin g int c rcsting raw uuu erlals Iur chc mi­

cal processes. Th e international compc tition to elucldate

the Iunctiou 01' cconoruically rclevant plnn t gcnomes,

pu ten üng thc rcsul ts and thu s cst ahllshlug market posl ti­

ons for new plant varicties with tni lor-mudc pru perti cs is

airead)' underway wi th cousirloruble pub li c and privare

inves tmen t in resea rc h.

In ord er to more intensively exploit the cha nces a ri sin g

Irom this dcvelopmeu t 1'01' Gcrlllany a nd to mak c a co ntri­

bution towards sl'cnr ing I.IIP ('olllpeW.ivcnl'ss of Gertmm

industry, alter ex te ns ivo dlscussions aud in ruope ra tion

with rcprcscut at ives Irmu scicnc o nu d ind us try, thc 1Ii\IBF

has launchcd the iu if.intivc "(il' no nle Auu lysi» in Ihe

Biological Systnm of Ih( ~ I' lan t - GAllI".

With the in iti utivc, the 1Ii\IBF is purs ui ug Iumlinu, ccnno­

mic nnd scientific goais lor 1he s uccessfu l Iurther devel op-

ment of plant genome research in Germany, for which tal­

lormade ins truments have been developed and applied.

• A prerequlsi te for eCTective plant genome research in

Germany is th e creation and expausion of a comprehcnsí­

ve network of cx pe r tí sc with a cr iti cnl mnss of know-how,

s talf and Icehni cal cqulpment, To this end , th e availabl e

cxpcr tíse must he coordina tcd a 1\11 reinforccd across the

lxnmd nri es ol' th e differeu t se ienti lic disciplines . This

iuvolves co nt ri but ions Irom plant brced ers, botanists,

molecular hiologists and gcn ctieisls . Furthermore, hioin­

Iorma tics specínllsts are, liowever, a lso indi sp en sable in

modern plant gcnome rcscarch to provide th c tools for

recordlm; a 1\11 cvaluating the cnormous volumes 01' dala

arising; moroover, blochemists, chcmlsts and (~nginl'l'rs are

rcquired lo devclop automatcd and miniaturized iustru­

nu-nts a ud methods ( e.g. DNA chips ). Specinl se rvices

rcqui rcd h)' a number 01' workhu; grollps a ro ('on ('('nl ruu-d

in r¡'SOIllT C ccnl ros in ordor lo l'ns nre th e mnximum 1l'\"('1

01' ratio na liza lio n uud stundan lizntion 01' meth ods and

experimental boundary cumlitions.
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• A Ih ~ds i v ( ~ tnxk wil.ll ill I.Iw 1I1'I.\I'urll ol' eXIII ~ltisl ~ is 11111. only

ío mak e I.h c nccessu ry luols and IIwt.llllds gcnerallJ' uvuiln­

ble, hut also tu ad ap l, I.h em tu thc sp ccial necds 01' plant

genom e rcsea rch aJIII tu Iurther devclu(l them. Tu Uds crul,

thcre ls a need Ior rcsearch in all íhe abov c-menüonod dis­

ciplines. In ord er to cnsure tluu j he tnsks are Inrmulntcd

as ex nmples nnd lu gllara llf.l'l· Ihl' gn~a l.es l. pnssibl« cnm­

pa rubill ty 01' results in the ('xehange of inlo rma tio n, the

rcseu rch wnrk is /'I·sl.ri ef(·d tu I.wu rnorlcl plauts :

- MUlIse (~ar eress (Am bi(/ofl .'li.'l (!Juliaf/a) n'''/'I' s(~IILc; Uw

lurge gronp ur f1 il'ulyl l'f1ullulIs "Ialll.c;. S i n l' l ~ jI. has a I'um­

paraUvel~' sma ll gl~n unw rur a plan t it has al ready heen

es ta hlis hcd as a UII)( II'I (llan t fur n~s"arch purpuses so tha t

extensive Iindings a re ava ilahle. 1\100'euvcr, Arab idup sis is

r(')aUvely dusely relal.efl tu uilse(~d mpe thn s ena hling

resnlls Lo he Lransrerred het\n~en the two )llan Ls .

- Barlcy is a r<'lH·rsenl~¡(.i \'e uf Ihe nwnocutyledenous

planls, whidl a lso inelnde all oth er cerea ls . It is "ery wide­

sllrmul ahove ull in Gcnnany ( in additiun tu wheal) amI

therefore al su of ('u ns Ílh~rah lc ¡nterest to hreeders.

• The Lhinl cent ral cunc('1'II uf (¡ABl, in add ili on tu Ihe

es ta hlis hment of a netwurk uf eX I )(~rtisc and has ie mctho­

doJogical and 1'unct.ional rcsearch on model planls, is to

extend couperat.ion h"tw"en indnst.ry and seie nce and tu

cxpa nd ex is l.i n¡{ cUlltad .c; , Newly uhta illed /illdill gs UII the

plant gcnOlnes, UwiJ' str uct.nre, fllnct.iun an d cxpression

should l>e djrecUy rc llccted in the work 01' planL brcede rs

amI lIIanufacturillg indu stry. Cunune rcia l ente rprises the­

refore ha ve I.he opp ortnnily 01' jo intIy illlplelllenti ng projee­

ts wilh research institut iuns concern ing tho se plants which

are cha racteristic of Central European agl'ieullu re a nd are

of eeonolllic s ignilieance, and whieh , lIIor eover, funetion as

a model for reseaJ'ch in to important issu es:

- Oilseed rape is th e most signilicant oH plant in onr lati­

tudes and is al so rel atively dosely related to Arahidopsis,

It is therefore particularly snitahle for verifying the trans­

ferahilit)' 01' the rcsults ohlained wiLh t.hc model planL

Arahidopsis.



_As a signilíeant fodder cru p, maiw is adapled lo warmcr

('.limal.es , 11. is therefonl espedally sllitahh\ as a n1lHlel íur

inVl'st.igat.in g <:01<1 tolerance ph enonll'na.
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- MOlIseear <:ress (/ lra bidoJlsis I/H/lillllll) r(' pf"( 'se nls liJe

la rge grollp or di (~ofyh'(loltoll s plalll.<:. S il ll'( ~ il. ha s a eHm­

paral.ivel)' small ge nollll' ('01' a plallt it ha s aI read)' heen

esta hlis he d as a mod el plant I'or f"(~s('areh pu rp oscs so that

ex te ns ive findin gs a re avail ahle. l\!orco ver, Arah idops is is

rl'l alively ( ~Iosdy rdat('d to oilseed rape thus (lnahling

re sulfs 1.0 he tra us('er re d helween the two plan l.s.

• A (h'ds iv ( ~ tns k withiu 1I1t~ ru-twnrk o!' ( ~xpl ~ rli se is 1101. onl y

1.0 make UJe ucecssnry tools aud method s gen erally a vaila­

ble, hu t al so to adapt th em (o the spcciu l nceds of plunt

gcuome resc arch a mi (o Iurt.h er develop th em. To Ulis c nd,

therc is a uced Ior n~sl'areh in a ll IIw above-menüoucd dis­

eip lincs. In nrder 1.0 ens ur« th a t Ihe I.a s ks are Innuulnted

a.s e xnmples and fo glla ra nl.('(· Ih(' gl'l~a l.('s l. posxihl « cum­

paralill ity of r esulls in th e I'x('.ha nge 0(' inlonuutlon , th e

re seurch work is n 's tri ell'd to two mudcl plnn ls :

- Barlcy is a r('prl'sentat.ive o f th e mon oco 1.ylcd l'nous

pl anls , whieh al so inl'1ude a ll o(h l'r cc re a ls. It is "cry widc­

spread ahove a ll in Ger ma ny (i n ad(lit.ion to II'lll'at ) and

th crefore al so of ('onsid(~rahle int ('rl'st to h reedcrs.

• Th e t hird ce ntral conc(~ rn 01' GABI , in :uhlilion lo the

es ta hlishme nt 0 (' a netwo rk of ex p(~r l.ise alld hasic metho­

dol ogi eal a mi fun ctional research ou mod el plauls, is lo

ex te nd eo ope ra t.i on hetween induslry a mI sdence ami 1.0

expa nd ex is t.i ug co utac l.<:. Newly ohl ained fimlings on the

plan t genIHlles , th eir s trllc t llre, fun ction a mI cx prcss ion

s hould OC directl y renected in the work of plant hreed crs

ami man ufa cturill g indllstry. Conullercia l ellterpl'Íses the­

refore have 1.he opportllnity ofjointly implemen ting proj ee­

ts with researeh ins titutions concern ing those plants which

are cha racte r is tic of Central Europ ean a¡,rriculture and are

of economic s ignilic a nce, ami wh ich , moreover, func t ion as

a mod el for research into importan t issu es:

- Sugar hcet is th e most im)lort.a n t 1.1I her-('ormi ng pla nt in

• Oilseed rape is th e mos t s ignific a nt oi\ plant in our lati­

tude s ami is also re latively clo sely related to Arahidopsis.

It is therefo re parti cnl arl)' s nita blc for vcrifying the trans­

ferabili ty of th e reslllts ohtaincll with t.he nwdcl plant

Ar a h idopsis.

t~ .... ...~ _ 4 41 _ • • .l~ _ • •



- The working groups themselvcs havo elected some of their

number to fonn a scientific coordinating commluee whích

, ensures continuous hannonízaüon and a continual exchan­

ge of information between the regular status seminars and

thus contributes towards vitalízlng the planned network of

expertise.

•A quite essentíal prerequisite for the success of GAllI and

the eompetitiveness of German industry is protectíng rese­

arch findings in the form of protective rlghts and patents,

11MBF recognized dcficíencies concerníng this aspect of

Germ án rcsearch Iundíng sevoral years ago and has alrca­

dy launched a correspondlng patent initiative. With res­

pect to GAllI, decisive support is provided by the WPG

through thc establishment of a patent und llccnslng agcn­

cy for GAllI (PLA).The PIA is a core element of the tech­

nology transfer model tailored to the largely medium-sized

enterprises iu the plant breedíng sector. Its missiou is to

ensure, by advisory services and active partíclpation, com­

prehensive proprietary protection for research Ilnd íngs

and the efflcient conversi ón of research results into iuno­

vative technologíes, products and servíces and thus to con-

, tribute to ímproving the compctltlvcness of German indu­

stry.

In a ñrst trancho at the begínniug of the year 2000, pro­

[ects were approved conccrnlng the above-mentíoned topics

which will be supported by tho BMBF with a total of about

DM 70 million. Further call s Ior proposals are planned, for

IlIIJ1n'SSIIm:

SUI'I'0 rlt'd hy:
Fcrlernl l\1illhit.r)' uf Edm'al iulI alle! Itl'SI'~lITh

II {'inrlllnnltst rnl\(~ 2
Ei :J 17á ltonn

l'uhlished 11)';
liesearrh C,'uln, .' ¡¡Iit-h

l'rnjl:('1. M:lIIl1,.wnwnl. Or~illl i laliun

lI inlnJ!.", Em'flt\', Em'irnl1mrlll
ur 1111' F,'d,'ml ~liuisll')' nf g,hll-a llo" IlIIII 1I,'s,'urd. (H~lIl1')

and th e Fed cr ul ~Ii"islr)' of g,'o"olllil's m,,1 T""h"oIO/tl' (H~IWi )

Hranch omrr Hrrliu
\\'lIlIslral\c 17·22
10179 Hcrli"
Tclefun: 11 :111/ 2 11 I !I!I . ·1 :11

Fax: U :111/ 2 111 !I!I· ·I 711
E·nmil : lu'u II .h.'u@I'1.·;jm·l id l.llt°
g ,lilr ,1 hj ':

H"'~a Frnukc nsu-ln, Hgll
nesi~n : ('rnphik·lh·sil!u-SllIflin-llt·rlill, InJ.!ull' N('UlIIlInn
l.it.hnJ.traph)' ami I)rin till~ :

art-rislon

which an overall finuncinl volume of approxímately DM 30

núllion per year is earmarked.

Further information on GAllI can be obtained:

• at GABI's website

(http://www.mips.biochem.mpg.dc/projlgabi/),

• at the project management's wcbsite (http://www.fz-jue­

lich.dc/bco),

Contact:

Projcct Management Organlzatíon Blology, Energy,

Environmcnt (BEO)

Dr. Burkard NeuB

[)242[) Jülich

Te!.: O24 61/61- 2480

Fax.: O24 61/61- 27 30

E-mai!: b.neuss@fz-juclich.de



"lliol\1onilor" suppor t p rogrununc in cxís te nce sincc 1!1!J7

was conel ndcd by lhc BMBF in 1!J!)!J with the ai m 01' rcpla­

cinf{ lt by eall s for JlrelJlosal s on hio)oJ,!ieal snfety reseurch.

'l'h e fl rs t ca ll for pruposals , "Safl' /Y Ites earrl¡ aml

J1!o//;/or;//!J" wns puhl ishcd in LIle Fedcrnl Gazcltc in April

2000.

The ai m 01' the new conccpt is lo support safety rcscarch

accompanying Iield tests .wlt h genctlca lly modili cd plan ts

and to devclop methods Iur ruoultorl ng cultivntion. Thi s

thus exclusively re la tes lo th e Iíeld 01' "qreeu l/( '// (!/;c

CII,q;1Icer ; //f} '', On the hasi s 01' the ncw SUPI)()rl concc pt,

res earch projects a re being Iun ded on th e foll owing priori­

ly topics .

The priority topic "Rcsearch Approaches fo r Saj e/y

Research ACCOIIIPUII!/ ;IIf} Enrironm enta! Heleases " is

intend ed to lnvcs t igute scientilie iss ues accornpanying lield

experiments with genotícully mudified plan ts which are 01'

ínteres t in connec tion with tite gcnctlc modifl catlons or th e

specilic crop spccles.

With resp cct to gcneüc modiflcations, work invol ves,

amo ngs t oth er aspccts, devcloplng stratcgíes lo lIIakc an

acti vc contl'ibulion lo lltc safcly 01' gcncticall y lIIodilicd

plan ts',Tltis can bc achievcd, for cxam plc, by dclimiling lltc

gene sequ ence lo he trunsferred IL'i closely as possible or by

devcloplng methods for rcstrlctlng the dlsp ersiun capad t.)'

01' genc l.iea lly modiflcd planís. 'l'here is a nced for resenrch

cou cemiug the development and slandardization 01' proce­

dores Ior idcutifying J,!encs trnusferrerl hy J.!(~neti(~ enginee­

ringo Abovo nll, there is an urgenl nued for dclccf.ion pro­

cedures permltting Iarge scalc tests lo moni tor tite behn­

viour 01' th ese genes and their fate in the envlronment,

Fu rthermore, it is al so planned to support research appro­

uches conceruing crop-specific issu cs . The research con­

cepts will concern plants released in Germany or expccted

to be cult íva tod her c, This includ es uilsecd rape, sugar

beets , potatoe s, maíze, cereals and woody plan ts (tlmber,

Irui t plan ts, ornamental shruhs, and vines). In order to

ensure that the support is spc cili ca lly ta rgeted at current

research necds, concrete issues are formulaled in the sup­

port concept lo which Iunding is orieuted. In many cases,

a n obj ective assessmeut 01' the ímpacts 01' genetically modi­

Iicd plan ts rcquires a comparlson with con ventionally bred

plants and conventional mcthods. The research projccts

should th erefore, whenever possible or rel evant, include a

comparlsun 01' geuct ícully modlfled plants wlth uongcnctí­

cally uwdilicd plants untl with traditiona l agrlcultural

technlqucs,

Thc dcvclo¡>lIIcnt 01' gcn ctically llIodilicd plan!.'i has now

Il rl rnsr CX lJeriml~ lI f ",ilh J,!('lIrl i('ally IIwfii lit'l1uil sl'r d r:lIU'.ln n rrs('nrrh I,rnj r f'l 1111' imllad nf ,, ¡ld IIN's nnlh,'lnlnsfl 'r nfpullt'n hlls hrrn Sl lldi l'c1 .

Phn t fJ.'~ : III IA I{h'inllltll'hnnw



For cxam plc, cxtcnsive rcscarch has heen perfurmerl a t lhe Ghnir or 1';eo lo~1' a l Anchen Unil'ers ily of Technolo¡(j' sínce 1!I!12 on the cnvirnumcnta l rclease o]' gcnetl­

ca ll)' mndlfied s ugnr bcet wlth a gcueti('all~' engiul'l'rc d res lstancc lo lhe virus dlseasc rhizomnnln. Pho los: ItWI'JI Anchl'n

progr csscd to sueh an cxtent tha t trausgeuic plants are

expected lo becorue commercia lly availuhl c in the near

futur o aud wlde-sca le eult.iva l.ion in Europe is to he expec­

terl, With rcspect lo this dovelupment, projects will he sup­

ported in I.Iw rcsea rch priori l.y " /h' I'I' /IJ/JllII' /I1 n]' ¡J/('(/uul.o.:

[or Cul t ira ti on ¡J/IJ /l i l lJI'i /ll/" which will defln e propusals for

optimum str uctures and mudels Ior cstablishiug a monito­

ring network uft er gcnotica lly modifi erl plants havo bccome

commcrcially availahl e. Morcovcr, the needs a nd the possi­

hiliti cs will be assesscd Ior devcluping central dala docu­

mentation coutlnuously rero rdiu j; results 01' cxpcriments

nnd s tudlcs with gcnclicall~' mod ifi cd plants.

Thc rcsults 01' hiological saíuty research rcprescn t an

importnnt hasis Ior the actlvities 01' licensing uud executi­

ve authori ties aud are of gre.u sígniflcancc for an appro­

prluto and halaneed publir rliscusslun 011 llw topi c 01'

"gre cn gcnctle engincerlng". Thc new suppnrt concept the­

refore cnvisages funding for a project un "C(JI/lI/I/I/limlilJ/I

¡J/(lf/((lfI'/I/(,/I1 i n /liIJIIJlIiml ,....'({/i·l!/ Researrh " , whose task

ínvolves cummunicnting prcsent and futuro rcsults of hin­

logicnl sal"ct.y research in the ñeld 01' "green gcnetic

clIgin<'l' ring" 1.0 politicians, pnhlic offieials and thc general

public, nnd to ensure the transpareney and aceessihility of

dala unrl lnfornuulon in Ihis ficlrl. The tusks 01' this project

al so includc suppurt 1'01' the project coortlinntors 01' the

rcseurch pmj c('ls Iundcd in summarizing and evaluating

resenrch Iindings anrl in organizillg confercnccs and works­

hops. In doing so, Ihe Federal Government hopos lo makc a

contrlbutlon lo Ihe rupid implcmentatlon of rcsearch fin­

dings in politlcnl pra ctice, to the trnu sparcnry uf Iindlngs

1'01' Iht' gClI l'\'al puhli c anrl to ohjl'elirying Ihc puhli c dcha­

le In Ihis fie ld.



Examples Irom previous support:

Within the fram ework of resca rc h suppor t for biologi cal

safety research in the ficld of "gree n gcneuc cngíneor lng",

which has beon in cxistcncc sin cc lH87, work has bcen pcr­

formed on issucs iucludíng the ccologlcal impacts of gene­

ticaIly modilied suga r bcet, pota toes, oilseed ralle, maíze

and aspens in grccnhousc and Iicld expcrlments,

For example, exte nsivo rcsearch has been performed al. the

Cha ir of Ecology al. Anche n Univers ity of Technology sin ce

1992 on the envíro nmental release of gencticaIly modífled

sugar beet with a geneücally cngineered resistance 1.0 the

virus disease rhizomania, AlI prevíous studies with ín the

frarnework of the support mensure have indieated that no

risks cmunate Irom cultivuting t.hc gcnctically modiflcd

plants.

In a collaborutlve research project between the Universi ty

of Rostock, the Universi ty of Oldenburg, the Federal

Biological Rosenrch Centre Ior Agriculture an d Forest.ry,

Braunschweíg, a nd the Fed eral Centre for Bre edíng

Research on Cultlvat ed Plants, Quedlinburg, studies ha ve

been performed on thc ecologícal ímpacts of transgeníc

potato plants which produce the antibacterial active ingre­

dient T4-lysozymc as a protection, in particular, agaínst

potato soft rot, To date, no negative impacts on the ba cte­

rial populuü ons associatcd with thc potato plan ts living in

the soil have bee n ide nt ilied in thc Iield Irom thc lysozyme

pruduced in lhc plnnts a nd re \cased in sma ll quuutities

luto thc soi l.

The only reluase cxpc rimeut with f.{cllctically modlfied

mlcroorgunísms to date in Gcrmuny was performcd within

lh e Iramework 01' a collnbora üve rcsearch projcct superv i­

sed by Ihe Uuivors ity Illeleleld in I!l!JG uud I!l!J 7 al two

reh-use sitos in lhe nor th a nd south 01'Germany. The lumi­

nesccnt gene Irom a glow-worm was inserted hy gcuctic

cllf.{ inccrillf.{ luto t.he hact eria (S iuorhilOhium mcliloti) in

onlcr 111 lah e! lhcm and ma ke lhcm casy (.0 idclIti fy.

I'r cvious )ollf.{lcrm st ue! ics UII Ihe fa le aud eco\ogiea \ impa c­

ls 01' the hnd cría Icae! olle 10 aSSlIJllC Ihat th c ¡mpac!s of

r('(a cse 01'f.{Cllefkally moe!ilicd had cria 011 ot.ht'l· soil miero ­

orgalli sms ('all he n'ga re!ee! as slighL Nor was it possihl e lo

del eel a llY frans/'cr 01' Ihe itlmill('s('put geu c lo olh cr suil

IHlt't cri a.

Contacts:

Project Management Organizatíon lliology, Energy,

Envíronment (UEO)

52425 Jülich

Dr. Langenbruch

'fclcfon: O24 61/61 - (81)7

In a collnbo ra tlve researeh projeet between lhe lJnivers it), of Rosloek, th e

lJnive rsily or Oldcnhurg, the Federal niologieal Researeh Cen tre Ior Agrieullure

and Forcstry, Hru unsch weig, nn d th e Fede ra l Cenl re for nreed ing Researeh on

Cultlva tcd Pla nts , Qlled lin hurl(, st ud ies have heen performed on the ecologlca l

impacts of IflUI,!(ellie pot ato pla nts which prod uce the ant ibnctcr ial active logre-

.lielll T4·1~'Slll~·IIW as a prntection. in partlrulnr, Rl(ain st potntn so n rol.
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IIIl(ln~SSII Il1 :

Suppurlt ·c1 11)':

I',,,leral Millisll)' of E" "e"ti"ll a nd Hes"an'h

11" inc'IIIan llsl ra Re 2
r.:1I7ú lIulIlI

1' lIh l;- llI''' h)';

HC'sc'"rl'l, e"lI lr e .Jiilil'h
IJr njl'(' ( l\1 al1n~t' lIU'n l OrJ: nn il.nliun

IliulnJ.!.\", Elll'rK\'. Em'irunnu'nl
ur 11" , 1','ch'r ,,1 ~ Iilli,l l")' or E" " c',,1¡UII 1111" HC', enr"', ( 1I ~ 1IlF)

","llhe ¡:""rrl1l ~1iIl¡sll)' or Eeollulllic's llll" T¡'c'hnlllultr (lI~l\\"i )

llralleh OI1ic',' 11I'rlill
\\ 'l1l1sl r a Re 17 . 22

IlJ17!1IIc'rl;1I
'('"lrrlll1: lJ: lII / 2 lJI !l!1 . 4 :)1

¡:" x: lJ: lII / 2lJ I !I!I . ,1 7lJ
E·mui l: lH'u I l.ht·ll@rl.·j lll·lit-h.dr

E,lile'" b~':

1I1'1J.:1I Frunkl·II.... h·ill. n EO
)) r si J.!ll : (ir; , phik · I)I'si J,!n .."tllllin·l h·rl in. In":lIlr :\r umaulI

I.il hflJ.!rnph.'· nm l Pr int in).!:

:Irf·"isinn

I'rint r d un n' ('."d f·cl ll:l prr



.bmb+f
Bundcsminislerium fiir Bildung und Forschung

Pt~

As here at Suníi nne in Gatarsleben
(Saxony -Anhalll, rc scarc hers 01 the
BASF Plant Science Division are w orking
worldwid e on making plauts more resi­
stant l o cold aud drcuqh t, achieving
greater contents 01 oils, protein s and
carbolwdr ates. or incrnasin q the contenl
of suhst anc es suc h as vuamins and
heallhy falty ncids.

Hish-Iech BiololY
in ~he Service 01
Sustainable .
BioProduc~ion
BMBF prograrnrne supports
environrnentally friendly
biological technologies

The reorientation of the current economic system to­
wards a sustainable approach is one of the central
challenges of the 21st Century. This involves the long­
term protection of the natural environment - air, water,
land - on which the Iife of present and future generati­
ons depends. The development ami implementation of

a national sustainabilitv strategy is a central goal of
the German Federal Government.

World Market for Industrial Enzymes by Region



Modern biotechnoloqicnl techniques can rnake an
important contribution to achieving this goal. A sepa­
rate chaptar was therelore devotnd to biotechnology
in the Agenda 21 of the United Nations Confercnce and
Development (UNCED) signed by more than 170 states
in Rio de Janeiro in 1992.
In comparison lo convenlional chernical processes,
bictechnoloqical Iechniquos olíer a nurnber of advan­
tages:
• mild reacl ion conditions in an aqueous environment

at room temperatura,
• avoiding by-products and waste products as far as

possible.
• high efficiency ensuring hiqh yields wi th given

amounts of raw material,
• production-integrated closed loops using biological

residues and waste materials as raw material for
making products.

Moreover, new products made possible only by mo­
dern biotechnological methods are increasingly ente­
ring the market. They include, for exarnple, numerous
new therapeutic agents on the basis of recombinant
proteins.
The investigation and application of modern biotech­
nology is one of the reasons why site-specif ic aspacts
are taking on global significanc e. For many companies,
the availability and application of biotechnological
know-how will - in the foreseeable future - develop in­
to a key cornpetence in national and international
competition. -
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~, l ~ .. ') td8':k : " ~; ~. , "
. ' ;\: .• , ::.~~. _",.¡ :EllI\ f .8l..' . : "
l he III j cr () .1 1 ~J lIll il e l1l il l 0 c o r. r. 1I ~ pluviahs 1I1111p.1 the micrnscope . llndnr comlitions
of mass prnduction ;lI1rl in a cnlll llln lely 1:;uhnn-I!lnxilln ·nr.lIlróll mnnucr . alHa c;tn
heused to produce valuabln suhstances 101111I! chemical, phaunacnutical and
10011 industrv, illciuciillY vitauuns ~",l uves. amino ncids ~",I annbiotics.

The aminn ílcill L·lysilll! can h l~ prnllur.r.ó with t11l~ a irl nf qcnelically nl(l(!IfH~d

su ai ns 01 r.n 1vnroh.1r.l p.1i1l1ll ~l l l1l é1I11i r.lIl1lll ~iI1H n\lI rnsr. ¡11 1ft anunnnia as I!l n 1:;',, ­

bnu ;l 1H1 nilluHr.n smures. 11'5111!c:l ivf! ly . S ll Il H:i(~ J1 1 f1l1ítnlilif!S uf this :Il11illlJ iu:id
are nccnssmv lor grow1h and Ihe J lI n r. l i n l1 i ll ~ 1 01Ih~ inunune svsrem, r.SIH'Ó illly
in the ca se of chihlrrm. l ile létlliflly (llOwing snil bactnrium C orYIH~ b ;ll~t r.r ilJl11

qlll l fll1lir.1I11\ was fl iscfJVeJfHI in Ja pan in th n I itt ins as il ll i111lfíl l prodll r.r.r 01Hltllét·
míe ncid. It is 110\'\1 usnd uulusni ntlv In IlIfIllllr.n l it is illl cfothrn .1I1li 1l0 a c uls .

Sciontists a/C continunllv dcveloping ncw rnnthods 01 prnducinq i n d lJ $l r i ~ lIy inta­
rnstinq enzvmes, These are biocntnlvsts which in ua iurn ensure smouth íunct io­
niny 01the metabolism in the ecll.

New Funding Prograrnrne
The "Sustainable BioProduction" funding programme
of the Federal Ministry of Education and Re search
(BMBF) will enable companies, in particular srnall and
medium-sized enterprises, to participate in advanced
developments and to contribute towards securing the
tuture competitiveness of German industry. This pro­
gramme is specitically addressed to the sectors of
chemistry and pharmaceuticals, toad and beveraqes,
paper and pulp, as well as textiles and leather.

The airn of the support programme is to convert bio­
technological know-how into new environmentally
acceptable and resource-conserving production
rnethods, products and relevant services.



Biotechnological ~-n .

Production and
Transformation Systems

11 will be possible to utilize hicloqical processns under indus­
trial cond itions wi th the aid 01 innovative hiotechnologica l
apprnaches such as the mndnllinq uf motahnlic pathw avs,
evolu ti ve enzyme dcsiqn, muta holic fl ux analvs es and
mudern biochemical engineorin g anprnache s. lsolatad bio­
cat alvsts [enzvrnas]. cell cultu res. mic roorqn uisms and hiq­
hor organisms can, for oxarnpla, he tnknn into consi derotion
as bioloqicn l producti on or transtormation svstnms.

New Prospects
The enorrnous sc ientil ic progr ess rnade in the li l e

sc iences in the past few years, especially by genome

research, is open ing up cornple tely new pro spects lor

industrial appl ication 01 biotechnological methods.
Innovative approaches, such as the modell inq of meta ­

bol ic pathways, evolutive enzyme des ign, metabolic
1 1. . . . ... _ ... 1. .... ...... ...._ ...J ._ ..... . 1 ~: ... ... 1... ... 0--"0 : ... ... I ....__ ... : . ... ... ... ...: ... .... ... o .... ... ... ......

,·-.. Animals '"

Objectives
The BMBF intends to suppo rt proje cts with th e 1011 0­
win g objectives:

1. Replacernent of existing , con vent ional indu stri al

methorls by enviro nrnent ally Iriendly biotec h proces­

ses, Ior example in



Biomnctor lor O' nwinq cell cultures. (Tlle photnqraph sllow s a 3500·1reactor in
lile pilot-scato hinenqinenrinq facil ity 01 11 m National Resenrcll Centro for Bio­
tecllnology in Brnunschw niq.I

2. Development of efficient, environmentally friendly
and reso urce-c onsorvinq rnethods for th e production

of new active inqredients, materials and products, for
exarnple, of
• proteins and nucleic acids for therapeutic appli­

cations, vaccines and antibiotics.
• environmentally compatible high-tech biomaterials,
• textiles and foodstuffs with new properties.

Accompanying studies in clase cooperation with the
companies supported will íncrease knowledge on the
conditions for sustainable bioproduction. These stu­
dies should also accelerate the development of a set of
instruments applicable in practice íor assessing
sustainable bíotechnological approaches for industry
and society. The analysis of material flows will playa
decisive role here.
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Research activities relating to the decoding of the human

gcnome have hecome an increasingly importend for the

development of advanced dlagnostic and therapeutic

methods as weIl as with for tho creation of new pharma­

ceutical products.

The aim of the Human Genome Project is the determluatí­

on of the complete nucleotide sequence of human DNAwith

its 3 hillion modules as well as the identilication of the all

genes constituting the basic set of inherited "instructions"

for the development ami Iunctíonlng of a human being,

diseases. In June 1995, Germany joined the glohal e1Torts

of this large-scale project started in 1990. Integrated in

the internationaIly coordinated scheme, scientists of the

Gennan Human Genome Project (DIIGP) have contributed

significantly to the characterization and functional analy­

sis of the human genome, In cooperation the two central

infrastructure facilities, Resource Center (RZPD) and

Patent ami Licensing Agency (PLA), the 42 research pro­

jects currently realized are the core of the DHGP, which is

funded by the Federal Ministry of Education and Research
(h.....i, Ir' ..";'1. nnn...n. .... nM AA ",:11 n ...... ""o .. In nrl...J:t:.nn



ccllulur a nd physlulogicnl rc lcvancc 01' gene prorlucts in

model organi sms sueh as mouse, rat a nd zehralish as wcl l

as nn the sequc ncing 01' the human gcnollle and lhe rola­

tcd technologlca l developm ent, DIIGI' rcseareh teams have

sub stantíally coutri buted to the scqu enclng 01' chromoso­

mes X, 7, 11, a1\(121, nnd also to the dcvelopment 01' advan­

ced methods 01' automatlug routine pro cess es .

A Japanese-Germ an coope rauo n has yielded the complete

sequcnce uf chromoso mo 21 bclug published in Mareh

2000 . Furthcr chro mnsomes will follow soon. A provisional

"worklng draft" 01' the total human gcnome will he produccd

by early summer 01' 2000.

The proj ects uf DIlGP's sccond phase startcd in 2000, a re

clearly more targetcd towards app lled resea rc h projccts. In

particular, th e int eract.ion 01' genes und th eir prod ucís as

well as studics with rcga rd to different pre-dispo sl tion s to

delieate health allll the varying effectiveness 01' drllgs dile

to geneti e düTerenees are moving in th e cente r 01' atlelltioll.

Right from the begillnin g, the DIlGI' has a tlachecl great

importance lo economic exploitation uf th e research li n-

dings . TII" Jlharman~nlÍl'al illllllslry as well as sturt-up ent­

l'rpris('s hnve hcen in(l'grall'd in th n proj(~e1. hy the "Voreln

ZIIr Fiird"nlng der IIlllllangl'nollll'orsellun¡{ (' .V." in ~rrllls uf

str uetural bnckgruund nnd /in andal s itna tion. The proteo­

tion 01' the rcsn1ts in term s 01' lnt cllcctu al propcrty and

th eir cxpluituu on is carried out dirl'('fl y via IHIGl"s I'atrnt

nnd Licensing Agency. 'rile succcssos 01' thls alliance is effí­
dcnt:

• 211 h '('hnolo!{,v and PI'O('('SS pal l'nt s as wcll as 280 pateuts

Iur ¡{('n l's ha ve bc cn either iss uod nr uppl ied Ior,

o G( ~nonw reseurch nnder IHIGI' has led lo !J business

sturt-ups in Gl'I'lIIany having creuü-d 21111 quulifled jobs _

and IlI c sit uut iun ix laking an upwurd treud.

1I0W('I'I '. " ra flicl c1C\ 'e10JlIII ('UI. wit hin ~l'lIl1I11 P n 'sc'aJTII 11(1\\'('­

ver a lso implies fal'-I'ea elling slI('ial lssues, 1\1an)' 01' the 11e\\ '

possihil ities gained hy thc discoveries allll t.ed llllllugi

cal ndvan cos achievcd require a carcful regulation with

rc ga rd to th e soci cty as a whole. The Fed er al Ministry of

I'icking robot lrnn sfcring UNAclones rrom cultur e plat es into stor age boxes

Edu ca tlon and Research therefore suggest cunfcrences and

researc h proj ects rela tín g for t.he ethica l issu es of genorne

~esearch (currently 8 projeets are being with the total amo­

unt uf 3 D1\1 mili). The results from these projects wiII help

to establish supporting mensures covcring genetic dia¡,tno­

s is a ud a dviee in tite frame 01' regular medical ca re as weIl

as in term s 01' t lle relevant ju risdi ction to be alljusted

accordingly.
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Distributed products since set-up

Key data of the Resource Center

Contacts

The Resourcc Center

Corn!s/l.ollllillg wi111 I./ II ~ s i a rt of I./w ( ; ( ~nllall lhuuun

C;mIllIlW I'roj( ~d, in I!I!I !i I./Il ~ IC('SIlIllT( ~ (;"III.('r as iL... l'(!lIl.ral

inl'nLs/.ruetll·ral unit, was rUIIIIII(!d. 111 lIds l'adJily f.he SUU I'­

ce material Inr l'alTyillg 0111. gellllme reseurch is gelle ral.ed

and provided lu interes/.l!d resean:h teams, In nrldiüon, its

Primary Databnse where all data pruduced by the UIIGP

projects are s tore d, is open tu th c puhlic and th us serves as

a platform lor thc intcrchuugo uf results.

Th e gcnerntion of material and thc cull ecti on uf data lead

to valuable sync r¡{y effec t.... whiclu are uf ¡{real. advnntago

tu t.he dilTerent. resenrch projccts .

Furthcrmoru, t.lte Reso urce Centc r dovclops cffcctlve

mcthods and t(!(:lInulogi(!s in order /.u suppor t rcs carch

nctivitics in tite field uf molecular hiulogy, In tlrls councc­

tion, t.he Resourcc Center nssists above all the J)1I(i l' rose­

a re h teum s, hu t. al su provides its se rvices Ior se ientis ts uf

aeademi e faciliti es and industrial cnte rpr ises wurldwide.

I'l!gistered custnmers

regisl.eretl ins tit ut íons

intcrnational

Database

seC)uences

gcnerutcd by DIIGP

results 01' hybridisation

;11 sit u ímages

distrihutcd Iilters

distrihuted UNA pools

dist.rihut.ed clones

H,OOO

1.450

ca, 50 %

1.800.000

41.000

25.000

500

GO.OOO

84.000

130.000

The applicatíon 01' highly ndvauced automntion tcchnolo­

gles facilit.ates íhe gcncratlon uf pruducts al. an iudustrial

level as welJ as t.he rcnlizatiou uf larg-sca le prujecls

(see table 1),

Most of th e ma t.erial gencratcd at. the Resourcc Center is

hased on gene librarles (Irugmen ts/clones of t.he ge ne t.ie

infurmation sys tcnuuica lly pu t into nrchí ves ) tlta t have

becn either prnduced un t.he sput or impurted by other resc­

a rch tcnms. In total, approx, lf millinn clones 01' more

than 25 differeut urganisms, s tore d in I:Hi genomic ano

l!J4 cDNA librarles (gcnctic informution transmlttcd

thruugh th .. dcsign 01' th e proteins) , are uvullablc. By



Jlh:II'IIJaeoJlol'ia s IlllIs s:I\ 'illg abuut ~O 000 gllilll'a Jligs :11111

mice por year,

111 dos(~ ('(HI(H'ralioll will! 01 lu-r partuers, llcrueus 111­

strumonts GllIhlJ (Osterod« hranch ) suteeedcl1 in cumple­

lel y rl'Jlladllg Ihl' in vivo prnductiun 01" mnnnclonnl antibu­

dil's in mic« hy in á/ro produetlon in a hiorcuctor, This

hion'ad or, 1\11011"11 alTl'(' ,1 iOllaldy 1.0 I.he sd( ~1I tisIs as t.he

"glass IlIOIISI''', has alreudy rcplucerl the Jivillg mouse as a

mediuu: rol' 1I11' prothu-tiou ol' unt lhodics Ior 11Ia11)' years,

In a "roj('('(. hy Wo(I"gallg 1\IIl'k i\ll'dizill-Eleklrollil{, a IlI.\'O­

grapl! systom was devclopcd 1.0 repluce (he "cluss ica l frog

cxpcrimcnts" in practica! physiology courses, '1'111' inxtru­

11I1'111, IH'l'Il1ilS sllllll'lIl.s lo IlI'rrOrlll all expr-riuu-uts in 1 .11l ~

lIl'rn'/IlIIIS('ll's l'i clrl 011 I hl'lIIsl'lvl's withuut pnin , dalllage 01'

iuvuxiv« npcrnl in nx. 'l'lu- ('II'( 'frollie IIlI'asurillg f('('hlliqu('

a""liI~d is hl'l.tl'r ahl(~ lo 1'1'('01'11 uudisturtcd cuntructiou

Sl'qUI'II(,('S t hall 1111' syxtt-ms. previously used lur studiex 011

f'l'Og 1I1\ISt'!I'S. 'l'he rosults adlÍ('\"('d with the lIIyograph are

1101. onl)' a rl'"I :\('I'IIII'1I1 rol' oxpcriments wií h isuhucd f'l'Og

muscles, but tllI')' an' also IIlIlI'h 1l101'(~ oxtcnsive uud serve

to rclnlorrc Ih(' course cunt ont .

'I'he "rojccl leaders of th(' workillg gl'OlIJls involvcd al. Kuck

i\'lt'd izi ll -E1 l' k tr oll i k Gmhll and IIIt' University of Fraukfurt

wure uwanled the Fclix Wallkl'l Animal W('lIl'a1'(~ Rcscurch

l'riz« lur this (h~\'l'lopllll'uf in /)1'('('IIIII('r I!l!l7.

TI", IIIp'J.!r"l'h <1""""111',1 h)" I\lIl'k '1,'lIillll·EI,'klr,,"lk (;lIIhll :11,,\ IIIl' ¡;nill'r~it)"·

,,1' I'rallkl"lIl'l \\llh ~ 1I 1' 1' '' r l 1'....11I 11", Inllll' eunhh - 'Iml"lIls 111 IlI'lll 'Ii<'"ll lh)""Íl~

IIIKI" r""r~"~ 111 pcrfurm ull cxperlmeutx ('"m','milll! IIII1~dl'.s nnd m-ru -s 111i)silll(}­

~. pnilllt'ssly un thr-msr-lves by nu-uns uf n ('nmIHlh·r-{"unlrnllt·tI m("S\surinJ! nnd

n·(·unlillJ.: sysn-m (l\I\'()J.uJ.:'us).

(J'hnlllJ.!raJlh: I\IIt'k ~1l'dilill·Eh'klrnnik Gmhll)



2,00

1,50

Exp(~rillll'II( ,:l1 nn imnls IIS(~d in (;( ~rrII:lJl,\' Irnm I!IH!I-I !I!IH

I!I!IH : 1,:;:12, :;27 nniuurlx
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Number of Animal Expcrimcnts in
Gcrnuuiy UHW-Um8

'I'lu: 11 11 111 111' r 01" unimul cxpr-rinu-nts in (;l'rnl:lJl)' has \11'('11 1'1'­

dll('l'd h)" aholll ·10 % l'rnm 1!IH!I lo I!I!IH (SI'l' Iig.).

Dcvelopmcnt 01' the Rescarch Priority Outlook

Frmu I!lSO lo l!I!I!l , a lolal 01' ~~Ij n 's('arell proj('el s were

snpport ed in 1.111' Iramrwork 01" I!lis support. mensure alld

funrls 01'))1\1 l ·I:lmillioll l'xpl'lllh'd . Al preseu t. ));\1 !l.:; mil­

linn is mude uvuiluhle a nnunlly hy lhl' BI\IBF lor this rcse­

urch priority ulune (Sl'!' Iig. ) .

TIIl' ulm 01' the researvh )lrioril)' 011 "i\Il'llIolls Hrplal'Íllg

Animal Experhnents" is lo s uppurt xustuinahly Ihe deve­

IOllll1l'1I1 diseusscd abovc and í hus lo contrlbuto lo a Iurt­

hor rcductlon 01' animal cxporlmcnt s in I'l'S('luT!I and devc­

lopment. in (;I'rlllall)'.
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Neuronal Cell Culture

I'hutuJ,!' raph : .\It'flit',,1 F;H·u l t ~· ( (' lIari li') , IIP"l iIUl t' uf Pha rm:lt'oluJ!.r nud

TU\ ¡('lI luK\ . Ut·r1il1

The Iigllre shows a lahl'lled IIl'lIl"OlI lrnm a nu hrain.

Yi sualizntiun was pcríunucd with au untibmly isulutetl

Irom th c yolk 01" eggs Irnm inuuuuizcd rhickcns. Th e auti­

hody is directed agai ust. l'!lOh'(·ysl.okiuiu (CCl\-H ). 'l'hesc

methods are ulternu tlves in the S(~II S(~ of II\(' :l-n eOJl('ept.

(replucemout, reductiun, reflucm cut). The studi es 11'('1'1'

uud ertukou h)' Dr, IL Seluul« iu coop orntiun wilh Pro 1".

lIiirlllagl ami collagucs.



Supplcmcntary Information

1. Animal Protcction Report l!HH}: "Rcport on the Status

of the Development 01' Animal Protcctíun", Gcrman

Bundestag, B t.h I'arlhuucntary Tenn , pr iutcd paper

14/600 (in Gcrman)

2. Announcemcnt 01' the support guídelín cs "Mcthods

Replaclng Animal Expcrlments'' in the "Blotcchnology

2000 progranun« 01' the Federal Government 01' 17 Junc

l!J!18, Fcderal Gazeuc no, 11 7, p. !)051

8upport:

Federal Minlstry 01' Educntiou and Reseurch (BMBF),

Hcincmunnstrnfsc 2,

53175 Bonn-Bad Godesberg

For morc information contacu

Rc example 1: Bnndcsinstltut fiir gesundheltlichen Vcr­

braucherschutz und Vctcriniinncdizin, Postfuch 33 00 13,

14191 Berlín

Rc example 2: Paul-Ehrlich-Instltut, Puul-Ehrlich-Straíse

51·59, 63225 LangclI

Re example 3: I1eracus Instruments Gmbll, Zwolgnícdor­

lassung Osterode, Am Kalkberg, 37520 Osterode

He exumpl e 4: Fa. Kuck l\lcdizin-E1ek1l'Onik Gmhll,

Schonfcldstralsc 15, 83022 Roscnhcim

Forschuugszentrum Jiili cll GmhlI

I'rojckttriigcr Biuloglc, Eucrgle, Umwclt (BEO)

d(~s BMBF nnd des BMWi

Dr. Ilansper

Tcl.: () 211 ur / or 55 (i(j

IIIIPfCSSIIIII :

Suppurtcd hy:
Fe,h'ral ~Iill isl ry ur Edll,'al iuII nnd Ilesearrh

IIdll"lllanllslrnRe 2
G:JI7G lIunn

)'IIhlislll'd hJ;
Ilcst' an'h Centre ,lijlieh
Itro.ill(~t MarwJ.:cmt·nl Orgunizutinn
lIiolll/tl', l';nerltl', Envirnnruent
ur lh, ' Fed ernl ~Ii llisll')' ur E" " ' ." .,,, nnrl Ilrse'....·h (IIMIW)

nnd lhe Frdrrnl ~linisll')· ur E,'onllmks and T", 'hlluloltl' (IIMWi)
Ilrunch om,'e IIrrlin
WallslrnRr 1i - 22

1lI17!1 llerlln
Tcl.,run : u:1Il¡ 2 nI !I!J• ,1 :JI
Fax : II :1II¡ 2 u1 !J!I. 4 ill
E-mllil: IH'H II .hco@f7.-iurlirh.dr
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HiSh- ech BioloS'
in «he Service 01
Sus(ainable
BioProduction
BMBF programme supports
environrnentally friendly
biological technologies

The reorientat ion of the current economic system to­

wards a sustainable approach is one of the central

challeng es of the 21 st Century. This involves the long ­

te rm protection of the natural environrnent - air, w ater,
land - on which the life of present and futura generati­

ons depends. The development ami irnplementation of
a natioua l sustainabilitv stra tegy is a centra l goal 01
the German Federal Government.

..:Worlél' Market for Industrial Enzymes"by Region .
• ' ~ ~ l.__ •



Modern biotec llnol ogical tecbniques can make an
important contributi on to acllieviny this goal. A sepa­
rate chapter was therefore devoted to biotechnology
in the Agenda 21 of the United Nations Conference and
Development (UNCED) signed by more than 170states
in Rio de Janeiro in 1992.
In comparison to conventional chemical processes,
biotechnological techniques offer a number of advan­
tages:

• mild react ion conditions in an aqueous environment
at room temperatu re,

• avoiding bv-products and waste products as far as
possible.

• higll efficiency ensurinp high yields with given
amounts of raw material,
production-intcqratcd clo scd loups usinq bioloqical

residuos ami waste materials as raw material for
making producís.

Moreov er, new products rnade possible only by rno­
dern biotechnolog ical methods are increasingly ente­
ring the market. Thev include, lar example, numerous
new therap eutic agents on the basis of recombinant

proteins.
The investigation and application of modern biotech­
nology is one of the reasons why site-specific aspects
are taking on global signili cance. For many companies,
the availability and application of biotecllnological
know-how will - in the lor eseeable futura - develop in­
to a key competenc e in national and international
competition.

The micrnalqa Hnnmntncncnns plll vitl lis unrter the microscono. Under cnnditions
01mass punlu cnnn anrl in a cumpletelv cruhnu-dinx itln -neutral I1liH1IlC I . ¡¡IUn can
hl"! userl In prndnr n valuable slI llsl ;'tlH:es lnr lhe chem icn l, pharrnncnnt icnl antl
(ooel if1llt,slry. iru:hIlJII1!1 vitnmius an d c1 yes. nmino ncids au tl nntibiotics .

lIw ,HilillO Jci d 1·lv !'lIw ca n hl" plfl lill r.ed with tlu- aHI nf ~ I( :nr. li c ;llly IIHHhlu?d
e u ains ul C III\, llI' h íl l:! I'l illlll ~ ¡I 11 I; IIIII I : 1l 1l 11l ~ 11I~ 1 q llll : IlO;¡; I' .1111 1 ill ll ll ll ll llíl a s thn 1:",-

. • . , r- ~ , 1 l • •; ,· i".. :II, j , 1

Scieutists a re continually develnpinq ncw mcuious of pro ll llr. i n~1 inolls lria lly inlc ·
rnstinq euzvmes. ll u?sc ar e biocatalvsts which in nature ensure srnonth tuncrio­
nino uf the metnholism in the eell .

New Funding Prograrnrne
The "Sustainable BioProduction" funding programme
al the Federal Ministry of Education and Research
(BMBF) will enable companies, in particular small and
medium-sized enterprises, to participate in advanced
developments and to contribute towards securing the
future competitiveness of German industry. This pro­
gramme is specif ically addressed to the sectors 01
chemistrv and pharmaceuticals, load and beverages,
paper and pulp, as well as textiles and leather,

The aim of the support programme is to convert bio­
tecllnolog ical know-how into new environmentally
acceptalJle and resourc e-conservinq production
rnethods. products and relevant services .
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Production and f. ,.
Transformation Systems

It will be possihle lo Ulilizc hiological proccsscs under indus­
trial condítions wilh the aid 01 innovative biolochnological
approac has such as the modelling 01metabolic pathwav s,
evolutiva enzvmn dosiqn, 1Ilp.lílhullc flux analvsns and
mortern binchemicnl enqineerinq approachns. lsolatnd bio­
catalysts {el1l Vlll ro sl, ce" cultures. mir:,oolUélllisllls anrl luq­
her oruanisrns can, far exnmple, he taken into consideratian
as biological production or transformalion svsrcms.

New Prospects
The enorrnous scientili c pruqress made in the lil e
scienc es in the past l ew years, especially by qenorne

research, is opening up completely new prospe cts Ior
industria l applica tion 01 biot echnological methods.
Innovative approaches. such as the modell ing 01meta­
bolle patl1ways, evolutive enzyme design, metabolic
flux analyses and new bicchemical engineeri ng appro­
aches w ill be technicallv harnessed in interdi scip linary
wor king groups Irom scionco and industrv and rualiznd

in pract ico on the basis 01 concre te examples under
economica llv cornuetitivs conditions.

Objectives
The BMBF intends to support projects with the 10110­
w ing objectives:
1. Heplacement 01 existing, conventional industrial
methotls by environrnentally Iriendly biotech preces­
ses, lar example in
• the prorluction 01 indust rial feedstock chernicals

and fine chemicals, polyrners and biocatalysts,
• the treatmeut 01 cellulose ííbres, renmval 01

printing in the paper industrv.
• the surface modifi catíon of texti!e libre s.
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Analytical services

Ecophysiological Examination

To properly understand microbial processes in environmenta
samples, it is often necessary to analyze the biogeochemica
transformations which occur. With our experience in basic scientific
research and analysis of biochemical parameters, Nadicom is also ir
this area a reliable partner.

We offer the following analytical methods:

• Gas Chromatography:
Detection of principie atmospheric gases (N 2, O2, C02)
and trace gases (including CH4 , CO, H2, N20, NOx )

Analysis of organic acids

• HPLC:
Analysis of organic acids
Cation and anion analysis
Protein analysis (alternatively we also offer MALDI-TOF
analysis)

!i .- .~~ ,. I ~~- ~'·
. :~:: -•. "' .• .• . ~I'~ -,'.. . cw¡JI -w.

~; ::: . I . ~ ~ ~:~ -"'. '-
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• Isotopic analysis:
Use of stable isotopes and radioactive isotopes to
examine biogeochemical pathways
Detection of stable isotopes and radioisotopes by GC,
HPLC und IR-GCM5

• Fermentation measurement according to DIN 38414 with é

Eudiometer



and/or the lunction 01 these molecular
components 01 a biological system. This
is true at the level 01 genes and the cor­
responding proteins, which, as so-called
players 01 the cells, are responsible lar
nearlyalllile processes. This knowledge
in particular is an essential key to tne
understanding 01 the basis 01 lile. The
locus is on two questions: How do the
innumerable, individual cornponents 01
the cell 01 an organism interact, and
what contrals their interaction?

To interpret the existing data, one will
have to proceed írom the analysis 01
individual components 01 biological
systems to a hollstic systems under­
standing.A prerequisite lor this provides
the interdisciplinary cooperation 01
rnany research disciplines (including
biology, chemistry, medicine, computer
science, mathematics, systerns and
engineering sciences). The single steps
range lram understanding the lnterac­
tion 01 molecular cell components to an

understanding 01 biological processes
and .their regulation and control to the
systematic influencing 01 defined pro­
cesses.
For this purpose, experimental, quantl­
taüve data is collecled in order to deve­
lop realily-based models 01 physioloqical
piocessos 01 bioloqiual systems and lo
simulale these in lile cornputer, Le. in
silico.
The possibility 01 modelling and/or
simulalinq lileprocesses on íhe COl11pU­

ter promises interesling applicalions in
research and industry. Compuler experi ­
ments on "virtual ceüs" could lead to
new knowledge quickly and inexpensi­
vely. Medical drugs could be developed
laster and at a lower casI. In addition,
the number 01animal experiments could
be reduced drastically as side ellects
could be predicted with the aid 01 the
virtual rnodel,
A call lar praposals lar the new lundíng
priority "Systems 01 lile- systems biolo­
gy" was therelore made in December
2001 under the programme 01 the
Federal Government "Biotechnology ­
using and shaping its opportunities". For
the first lunding period, € 50 million are
to be made available over a period 01
five years.

Systems biology cnaracterises a ilolistic approacn, lhat aims lo sludy biological processes at lile

SYSICfllS level.To acníeve lilis ¡Jonl, il is necessary lo annlyse lile complicnted networks mat pro­

duce lile complex funclionalily. Tl I() step üom lile quaíüaüve, descríoüve approach toquanutative

biology is lo be taken in íhisway. Malllel11ilticall11odelling is an essenüat 1001 lar a lhecrv-based

approach, and üte lliffercnl lcvelsof lImlcrstanding 01lilebioloqical systemcanonlybe linkcd suc­

cessluíy by means of inlcnlisdplinary cooperatíon betwcenilll braocnes 01the nafural sciences,

11



Remediation of contaminated sites

without the need to remove superstructures

A" Ecological principies of in situ bioremediation
7,'-.......0. f" '.:;5

Harborth, Peler, Kucklick , Martin and Hanert, Hans Helmul

Instilule of Microbiology, TU Braunschweig, Spielmannstr. 7, 0-38106 Braunschweig
Prol. Dr. H. H. Hanert
Inslitul für Mikrobiologio dor Techn. Univc~'AI
-Technische Umweltmikroblologle­
Spielmannstraf3e 7' D-36106BraunlchwlIlg
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In lheir natural biotopes in "soil" and "ground water",
microorganisms are in an almost permanent state of vegetative
dormancy, in which growth is either at a complete stand still or is
very slow indeed (see Fig. left). The reason is the extreme ly
low nutrient concentratipn - often only around 10 ¡Jgll - found in
their natural habitat, which is about one million times lower than
in a typicallaboratory nutrient med ium (El in Fig. left , electron
donor) with a nutrient concen tration of approximately 20,000,000
¡Jg/l. A slate of dormancy is reached in the ecosystem following a
period of starvation during which most of the bacter ia die, leaving
only 1 lo 0.1%o of the bacteria slill viable (Fig. centre left shows a
section of the death phase ).
Vegetative dormancy is the source of microbial divers ity in natural
soils. Since one gram of soil is known to contain between 1000
and 10000 individuals of a particular species of bacteria in a state
ofdormancy, and to produce a total cell count ofbetween 107

and 108
, it can be deduced that the same amount of soil is home

to between 1000 and 10000 different species of bacteria, each
with its own speci fic metabolic potential. Thus, soil contains a
latent microbial biocoenos is of considerable divers ity and
potenlial for degrading a wide range of compounds by way of a
kind of microbial "divis ion of labour" .
The way persis tency of a contaminated site arises corresponds to
the discharge process of an electric accumulator. A contam inated
site is a kind of "ecological battery " in wh ich the individual, serially
connected cells (E2 substances ~ electron acceptors ~ oxidat ion
agent) havebeen run down and discharged (chemically reduced)
(Fig. top right). Metabo lic activity is virtually at a stand still, not
because the limits of microbial degradation ability have been
reached, or because of deficiencies in lhe microbial biocoenosis,
but because the site's
"ecological accumu/ator " has run down and discharged under
condilions where lhe conlam inating nutrients have overloaded
the soil.
The principie of ecological bioremediation is der ived from this
basic ecological understa nding of contam inant pers istence: the
ecological accumulator, with its individual cells, needs to be
recharged, the exhausted electron acceptors regenerated .
Measures that do this put an end lo vegeta tive dormancy and the
melabolic standsl ill, and to the persistence of the conlam inal ing
chemicals.
In the top right of the figure the individual microbial processes
invoíved in recharging lhe ecolog ical battery are illustrated. The
electrón acceptors, carbonate, sulphate, Iron(III), Manganese(IV)
and Nitrate are regenerated from their reduced states by
microbial action. Almospheric oxygen is introduced and lhe
electrón acceplors essential for bioremediation are oxidativ ely
reconstituted. The electron acceplors , having been consumed
through reductive processes during the establishment of
contaminant persislency, are now subjec ted to oxida tive
regeneration.
The lechnical measures emplo yed in bioremed iation have the
purpose of inducing lhese oxidative processes and eventually
restoring the site to its naturally charged and unconlaminaled
slate.



[hree innovative methods of in situ biorerned iauon
(recharging the ecological accumulator)

1. Circular horizontal slow sand filter
(CHS)
This rnethod creales a closed circuil 01 slowly f10wing
ground waler belween a centra l extracl ion wefl and live
peripheral injeclion wells wilh a radius of up lo 10 m.
The amounl of injected water is adjusled so as not to
cause lhe ground water lo rise by more lhan a few
cenlimelres «10 cm). lhus leavinq the natural ground
waler level virtually unallered. The water exlracted
from the central well is 1101 decontarninated aboye
ground . Inslead il has electr ón accepíors added lo it
belore being reinjecled lhrough the peripheral wells.
The iuustratton on lhe left of lhe figure shows a special
inslance of Ihis method allhe sile of a chemical planl
(CHC/BTEX contarnmat ion). The exlraclion wells.
injecl ion wells and supply conduils are laid
underground and 101m a closed circuil. The chemical
plant can remain fully operalional during Ihe course 01
remediation.

2. Circular vertical slow sand filter
(sandwich method)
This method involves the in situ Irealmenl 01
conlam inaled soil in Ihe saluraled and unsaturaled
zones between Iwo filler levels localed one aboye IhE
olher. Slruclures and operalions on Ihe contaminatec
sile can remain in place and are unaffecled during lh
course of remed ialion. Trealmenl involves the
allernaling injection and exlraction of air and passing
nulrienl solulion for lhe microbial biocoenosis betwer
lhe lwo filter levels (Fig. centre left) . In Ihis way
biodegradalion of lhe conlaminanls can be aclivated
withoul deslroying soil structure . This melhod irnitatr
lhe natural flow of malerials wilh lhe same vertical
seepage lhal resulled in lhe inil ial conlamination.
Compared wilh lhe bio-venling melhod for Ihe
unsaturated soil zone (vert ical infillral ion and exlrae
wells . horizonlal sublerranean infiltralion facililales •
supply of nulrienls for lhe sile biocoenosis over a
horizontally extensive area

3. Laminar drift slow sand filter (FRAtv
method)

This rnethod. which is suilable for lhe decontamiru
of very extensive or built-up areas, particularly in e
does nol involve setting up sublerranean circulal ic
on-site decontaminalion plants . No pipes are laid
no conlaminated ground water is exlracted. The
biocoenosis of the contaminated soil is supplied y.

the necessary nutrienls by the natural Ilow of gro\
water in lhe aquiler (mov ing at the rate of 30 - 101
m/a) and by transversal diffusion . Nulrients are
injecled into lhe aquiler upslream from Ihe
contamination . Al parallel poinllying across lhe
direclion of ground -waler flow injection wells are
through wh ich lhe nutrienls are injecled in such ¡

lashion thal in a sel amount of time the whole
contaminaled area is adequalely supplied íhrou;
ground waler drift . We also refer to lhis as lhe FI
melhod , since il corresponds lo lhe way the
Norwegian . Fridjof Nansen, allowed his researcl
FRAM. lo drift in Ihe pack ice of lhe Arct ic Ocea
lasi cenlury.
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Detection of potentially pathogenic
microorganisms

Quantitative real-time-PCR is the best method for the rapid detection of
potentially pathogenic microorganisms. By using DNA oligonucleotide
pr imer/probé combinations which are developed to specifically target
particular pathogens, Nadicom is able to detect the following microbial
groups in water samples:

• Bacillus cereus Group (contains Bacillus anthracis, B. cereus, B.
thuringiensis, B. mycoides)

• Thermoph ilic Campylobacter species: Campylobacter jejuni, C.
upsaliens is, C. coli, C. lari

• Escherichia coli, Salmonella spp., Yersinia enterocolitica
• Enterococcus faecalis, Enterococcus faecium
• Clostridium perfringens
• Cryptosporidium parvum

Compared to classical cultivation methods, which usually require many
R..' .Tlm..mplln.." .. . t days, t he methods used by Nadicom are much more

. t"IC.. , d .,I",d I . .. I ~ ... ..... ,~ DNi\ ~ U '.r1.

1"- ,.II .,. 'm, time-effective. The customer can obtain resu lts
"'"CII'II

within 6 hours of sample receipt by Nadicom. The
ana lys is report deta ils whether or not the target
orga nism(s) was detected in a sample, and if so,
the size of the population(s) in the sample.

The method is sensitive enough that a single cell
can be detected in a sample. The method can also
dete ct microorgan isms that are no longer active,
but may already have produced toxins

51.1I0O'I .,.... . 1"11'1

.( .J .._t1'Ir._~ ~~I.".
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Besides the microo rganisms listed above, Nadicom
can also develop detect ion systems fo r further microorganisms,
depending upon the wishes and interests of the customer.
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to tho end oC 1999. Relatlve 1.0 the financial volume, this

research prlorlty is therefore probnhly the most signíflcant

goverument Iunding worldwide on dcvcloplng alternutíves

to animal experíments.

nuw he used worldwlde.

Fl'U1Il UI!I:J· UI!)5, a rescarch pro,ic{'l was perfurmcd al thc

l'an- Ehrlieh -lnstitut« in Langou coucerulng a "Study on (he

Inlornrativcness 01' the Phurmuropnclu l{eglllalion on

Testlng rol' Anomalous Toxíclty 01' Vaecines''. 'I'he results 01'

this pro.il'('t. lel lo the regular ion heinj.( dcleted in numerous
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BMBF Support for the
Development ofNew Methods
Replacing Animal
Experiments

Rescarch work with tho aim of replacíng, reduclng und refl­

ning an imal experlmonts has bccn suppor ted hy tho BI\IBF

l!JHO. From UIHO to l!J!I!I, 22li proj ccts wore perlurmcd wi[;

hin th e Irnmework 0(' (he rcscnrch priority on "l\lethods

Replal'Ínj.( Animal Experhueuts" on ulmost al1 topícs 0('

relcvau ee in this ñeld with parf.lciputíon hy institutes lrum

industry, uuiversities aud uthcr rescarch cstahllsluueuts. ¡\

total 01' Di\! 14:3 mil1iun had becn SIIHnl. ou Ihis prioril)' UII

Mice, Rats and
Other Animals

-The Cunding priority does not, however, only support rese­

~rch projects (currently on the basis oC the support guide­

Iíne oC 17.06.1998) aiming at a complete replacement oC
;;'

~ertain animal experiments -which is after all probably

only possible in a Cew cases - but rather all projects Ieadíng

r---------------~---------__"to a reduction in the number of experimental aní­

mals or a decrease in stress for the experimental

animals used. PreCerence is given to applicatlon­

oriented projects with the goal of developing or

validating alternative methods to stressCul animal

experiments or of replaclng animal experiments

requíríng partlcularly largo numbers of animals.

This wíll be illustrated hy Iour examples:

An interlahora lory comparlson conrdí na ted hy

the Federal Iustltute Iur llcal th Prot ection 01'

Consumers nnd Veterinary ñlcdiclne vnllda ted the

so-enllcd ATC method for dotenninutlng Ihe acure

oral toxicíty 01' chcmicals as a replncemcnt Iur the
10- --11 LDGO test. The ATC method reduces the number of

expe rimental animals in comparison to tho LDGO test by an

average 01' about 70 %. The new testing,method WIIS offlcl­

ally rccoguizcd hy the OECD and the EU in l!l!Hi and can



meaus 01' robots, tite clones urebcíug hnplanted in higlt den- ..

sity luto certaln carrlers. Theso-callerlnrrays gencnucd by

this process íuciliuue a cost-eflective und rupid search Ior

new genes as wel1 as an extended unnlysis 01' genos nlready

known,

At; prescnt, the Rcsource Center holds (worldwide) the

most comprehcusive nun-rerlunrlant cullcction 01' genes 01'

man (71,000 clones), 1I10llSC (25,441 clones) and rnt

(28,8!Hi clones) worldwíde.

The known genes 01' onc organlsm have been compilcd luto

so-called Unigene Sets, í.e, one array contains all human

genes that are known, One possíble application 1'01' such

Unlgene Seis is tite comparison 01' active ami non-active

genes in sound and in tumor tissue, Frnm thesc ohservati­

ons, cunclusions can he drawn 011 tite mechnulsms h~lllling

tn the emergence 01' tumors.

In addition, the Resouree Centor cnrries out specífic tasks

with regnnl to urruugomcnt and resorting 01' gen e llbruries

as well as 1.0 tho genera1.ion 01' high-deusity arrays.

Contact:
Deutsches Ilumangenomprojckt

Managing Olflce 01' tite

Scíentíflc Coordinating Conuuluee

Dr. Jorg Wadzack

Hcubncrwcg 6

D-14059 Berlín

Tel.: +49-30-326 39-171

Fax: +49-30-326 39-262

. E-mail: wadzack@dhgp.dc

httll://IV~vw.dhgp.de

Resource Center

01' the Gcrman Human Genome Project

Dr. Cornelia Maurer

Dr. Andreas Vente

Ileubnorwcg Ii

D-1405!l Berlín

Tel.: +49-30-326 3!l-0

Fax: +49-30-326 39-262

E-mai!: info@rzpd.de

httll://WWw.rzpd.de
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The Model System
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Identification of Microorganisms

Quantitative analysis of microorganisms in mixed cultures

For the quantitative analysis of microorganisms Nadicom recommends
mo lecular biological methods, in particular fluorescence in situ
hybridization (FISH) and quantitative real-time-PCR.

In FISH, oligonucleotide probes labeled with a
f1uorescent dye are employed. These probes can be
designed to spec ifically target individual species, so
that an exact estimate of the population sizes of
particular m icrobial species can be made in a sample
conta ining diverse specles,
The ana lysis involves fixation of the sample,
hybridization with the fluorescent probes, and
examination by epifluorescence microscopy, all of

which are performed in Nadicom laboratories.
The customer rece ives a report which includes the results of the
population cou nts and (on request) photographic documentation of the
ana lys is.

Quant itative real-ti me-PCR allows a rap id and
sensit ive quantitative assessment of .microbial
populations. It is based on the PCR reaction, but the
examination of product does not follow qualitatively
by standard gel electrophoresis, but rather though a
measurement of the kinetics of the PCR reaction
wh ich is facilitated by the use of oligonucleotide

probes labeled with f luorescent dyes. Like FISH , th is method allows the
qua ntification of indivi du al species in a sample conta in ing diverse
microorgan isms.
One useful app lication of this method is quantitative detection of
pathoqenic organisms in liquid and solid samples. Its primary advantage
over cul t ivation-dependent methods is the speed of analysis. A result is
obta inable wi th in 6 hours of sample receipt in the laboratory. The
Nadicom Databank also allows specific primer systems to be designed for
most microorgan isms.
With th is method t he cus tomer avo ids potentially costly delays between
sam pling and obtaining results.
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Identification of microorganisms

DNA fingerprints

DNA fingerprinting is the molecular characterization of complex
samples. The fingerprint of a sample is a pattern composed of
individual units specific to each of the microorganismspresent in
the sample. Nadicom uses various fingerprinting methods for the
following technical and scientific purposes:

• Documentation of shifts in the composition of microbial
communities

• Testing culture purity
• Verification of strains used in economic ventures
• Characterization of bacterial cell banks

The following fingerprinting methods are used:

• RAPD-PCR (Ran dom Amplified Polymorphic DNA)
• RFLP (Restriction Fragment Length Polymorphism)
• T-RFLP (Terminal Restriction Fragment Length

Polymorphism)

These methods are used by Nadicom for the quality control of pure
cultures.
They are also used to determine if two organisms that are identical
based on biochemical and physiological tests are also
phylogenetically identical.
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Identification of Microorganisms

Qualitative Identification of Microorganisms in mixed
cultures

To identify and characterize in the shortest possible time the
mícroorqanisrns present in complex environmental samples,
Nadicom employs molecular biological methods. These rapid
methods are based on state-of-the-art genetic technology and have
widely replaced c1assical methods of microbial community analysis
based on cultivation .
Nadicom performs polymerase chain reaction (PCR) -based methods
on DNA extracted from a sample. The PCR reaction is performed
with standard primers, or with primers developed specifically by
Nadicom to target a desired microorganismo Then the PCR products
are cloned and DNA from the clones is sequenced.

The DNA sequence data obtained is analyzed against the Nadicom­
Databank, and when desired a phylogenetic tree is constructed
showing the taxonomic position of the microorganisms detected.
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The customer receives an analysis report
which includes the sequence data and the
phylogenetic tree. When desired the results
are presented in a publication-quality
formato



.Ani~al models .t~ be comed out with different groups of rats allow first studies,
for mstonca on ..

why some animals become fat on a diet high in fats and others do not. and
what role certain genes play in this determination.

The data collected from analyzing biological samples and evaluating body
and organ weights, blood pressure and pulse rote at various times, flow into a
diagnostic adiposity platform on the basis of which SCIENION technology is
used to develop diagnostic tools in the form of biochips. Databases,
hybridization stations, scanners and evaluation software worked out in the
alliance project will make it possible to apply these tools not only in research,
but also in human diagnostics.

"With the help of the findings about the connections between genotype,
nutrition and adiposity obtained during the project, we intend to develop
suitable tools and test systems in order to track down systematically the
causes of obesity and their connections with resulting illnesses," explains
SCIENION's CEO. "With this knowledge, the biological effects of such factors
as nutrients , food cddltlves and pharmacological substances on people with
a genetic predilection can be tested more accurately. It also brings us a
great deal closer to developing new biotechnology-based therapies for the
treatment of obesity." Eventually the partners in this collaborative effort hope
to create an "appetite brake," new active agents for the control of food
intake on the basis of antibodies - a Iifestyle medication with gigantic market
potential.

Brte' Company Porirait:

SC/EN/ON AG (www.ss:;ienion.de. located in Berlin-Ad/ershof, started as a spin­
off of the Max Planck Institute for Molecular Genetics in Apri/ 200 ,. Its product
portfolio ranges from customer-specific DNA arrays for functional genome
research on microorganisms, through the ready-to-use sciTRACER
Inflammation 400, the CardioVascular 700 DNA microarrays for human
genome research, and ready-to-spot oligo sets (MALDI-TOF-MS quality
certified), al/ to way to protein microarrays. With the benchtop
sciFLEXARRAYER Piezo-Spotter and incubation systems for biochips, SCIENION
customers hove access to high-qualify instruments from Adlershof as well.
SCIENION AG is supported by a pool of investors consisting of the 3i Group,
PEPPERMINT. Financial Partners and IBB Beteiligungsgesellschaft. Chairmen of
the board are Dr. Holger Eickhoff and Dr. Alan Bullock.

For more ¡nfarmetlan:



Te!.: +49 (0)30 - 6392 1700; Fax: +49 (0)30 - 6392 1701;
e-mail: eickhoff@scienion.de; Internet: www.scienion.de

Fraunhofer Instltute for Blomedlcal Technology (IBMT), Prof. Dr. Frank F. Bier
Institute Sector ter Medical Biotechnology (AMBT),
Dept. Molecular Bioanalytics and Bioelectronics -
A.-Scheunert-Allee 114-116, 14558 Bergholz-Rehbrücke,
Tel.: +49 (0)33200 - 88451: Fax: +49 (0)33200 - 88452
eMail : frank.bier@ibmUraunhofer.de; Internet : www.ibmUraunhofer.de

Franz-Volhard-Klinik of the Charité, Dr. Stefan Engeli
Clínical Research Center, Haus 129; Wiltbergstr. 50, 13125 Berlín,
Tel.: +49 (0)30-94172576; Fax: +49 (0)30-94172265
eMail : engeli@fvk.charite-buch.de

PR contad: jwd - Agentur für Publíc Relations, Jorg Wehrmann ­
Grünstr. 24. 12555 Berlín;
Tel.: +49 (0)30 - 42852231 ; eMail: joewe.berlin@t-online.de
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Identification of Microorganisms

Prokaryotic pure cultures

To precisely identify Bacteria and Archaea,
Nadicom uses 165 rRNA as a specific
phylogenetic marker. DNA is extracted from
cultures and the 165 rRNA gene sequenced. The
identification is then carried out by comparative
sequence analysis to the Nadicom Databank,
which contains more than 20 000 sequences.
For more specific identification of particular

functional microbial groups, Nadicom employs PCR primers
targeting particular function-specific genes, and applies comparative
sequence analysis to extensive databanks of these genes.
The customer receives a complete analysis report which contains
the nucleotide sequence data determined for the culture, a
phylogenetic tree showing the position of the culture relative to
other prokaryotes, and (on request) a Iist of the ten most closely
re lated organisms.

Fungal pure cultures

. ,ló.I

' J.\. j :..': ..-,~· .·.·\ .~. l For fungal identification Nadicom sequences the
.. . ribosomal 185 rRNA gene. Comparative

sequence analysis is performed against the·:l <:"~l Nadicom Databank.
}: - / .. 1 For closer identification, the IT5- (intergenic

. , JI
",.,l}~ transcribed spacer region) and the IG5-

(intergenic spacer region) are analyzed. Thé
morphology and developmental stage of the fungus are also
described.
The customer receives a complete analysis report which contains
the nucleotide sequence data, a phylogenetic tree, and (on request)
a Iist of the ten most closely related organisms. The report also
includes a complete summary of the characterization of the fungus,
high lighting any special or unusual properties determined.



PRESS RELEASE

"Why Do We Have Such (Over-) _Large Appetites?":
SCIENION AG and Partners Aspire to Appetite Brake

Bioteeh eompany from Berlín developing adiposity ehip/Nutrigenome
Researeh projeet allianee analysing genetie faetors of obesity

8erlin/Hannover, 7 Ocfober 2003.- A constant increase in excess welght and
obeslty (adlposlty) In the populations of industrial natlons has been observed
for years. In Germany, one of every two adults Is already overwelght; of these,
nearly every fifth Is very fat or even obese - and the trend Is on the rlse. What's
also alarming: the number of overwelght children has multlplled In recent
years. An Increase In body fat also means an Increase in patients wlth hlgh
blood pressure, diabetes, cardiac-clrculatory disorders, and even cancers.
The yearly costs of adfposlty to the economy are estimated in the billfons.
Studies have shown that In additlon to unhealthy nutrltion by Indlvfduals, a
high proportion of the affected is presumably genetically predisposed for
adiposity. In a project alllance funded by the federal mlnlstry for educatlon
and research (BMBF), "Nutrigenome Research Berlin-Brandenburg," experts
from SCIENION AG, the renowned Charlté Hospital and the Fraunhofer Instltute
are getting to the bottom of the molecular-genetic causes of obeslty with the
goal of developlng an antlbody-based therapeutlc reglmen.

"At th is time there is no procedure applied in the world with which the
complex processes of adiposity can be identified, characterized and
monitored on the molecular level. " SCIENION chairman Dr. Holger Eickhoff
outlínes the task of the alliance project. "Eac h of the partners invo/ved is
contributing his long years of expertise to use microarrays in the identification
and analysis of genetically conditioned factors of obesity, and then to
develop an antibody-based therapy. a natural appetite inhibitor." Clínical
research and new platform. intormation and detection technologies come
together in the a lliance proiect. consisting of SCIENION AG of Berlin, o
complex supplier of biochip products. hardware and services, the Fram
Volhard Clínic of the Charité hospital, represented by Dr. Stefan Engeli. and
the Fraunhofer Institute for Biomedical Technology, represented by Dr. Frank.
Bier.

The "adiposity chip." part of the BioProfile emphasis of the Nutrigenome
Reseaich----Bérliri-Brandenburg. ;s intended to explore the atyet Iittle
understood molecular-genetic conne-Ctions b-etweéñ--()bes rt~icin (rfh-e-ijin-esse
lnaf -a-¿co m-p6"nY l+: ---siJcrr-as·--ñigñ--5fooa-pressüre- ene -diabetes. With the

--fina riC:IOT su pporr of theBMBF; -genes- relevont t órodlposltvare identified ir
anima l and -h-ümcin sfudies;--c ombined on -a -test chip. and tested tor the ;­
süitabllitY.!6 ~f~_~ ~ d_~_v-~~0_~_rn~6t 'oftuturedloqnosflc _o nd therapeutic potentkn,



was founded in 2001 and has become since then a leading
x microarray related products in central europeo SCIENION is a
orn the MPI for Molecular Genetics in Berlin. Our mission is to
Uf collaborators to quickly identify the functions of genes for
gical and biomedical research area. SCIENION has established
J microarray technology platform, which is applicable to DNA,
\ntibodies and Cells. SCIENION believes that there will be a
JS need to speed up biological processes as the community,
I in clinical environments, moves from the identification of the
understanding and quantitating its function.



ll iomactor lur !I,uwing cetl culturus. ( fI", Ilhu'U!I,aph shuws a 3~IOO ·1 roactor in
the pilot-scale hioenqineerinq íacilitv 01 tho National Rosoa,ch Contre lor Bio­
lochuology in Braunschwe ig.I

2. Development of efficie nt, environmentally friendl y
and resource-conservlnp methods for the production
of new active ingredients, materials and products, for
example, of

• proteins and nucleic acids for therapeutic appli­
cations. vac cines and antibiotics,

• environmentallv compatible hiqh-tech biomaterials,
• textiles and tocdstut ís with new properties.

Accompanying studies in close cooperation with the
companies supported will increase knowledg e on the
conditions for sustainable bioproduction. These stu­
dies should also accelerate the development of a set of
instruments applicable in practice for assessing
sustainable biotecllnological approaches for industry
and society. The analvsis of material flows will playa
decisive role here.
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Analytical services

Ecophysiological Examination

To properly understand microbial processes in environmental
samples, it is often necessary to analyze the biogeochemical
transformations which occur. With our experience in basic scientific
research and analysis of biochemical parameters, Nadicom is also in
th is area a reliable partner.

We offer the fo llowing analytical methods:

• Gas Chromatography :
Detection of principie atmospheric gases (N2, 0 2, C02)
and trace gases (including CH4 , ca, H2, N20, NOx)
Ana lysis of organic acids

• HPLC:
Analys is of organic acids
Cat ion and an ion analysis
Protein ana lys is (a lterna tive ly we also offer MALDI-TOF
analysis)
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• Isotopic analysis:

. Use of stable isotopes and rad ioactive isotopes to
examine biogeochemical pathways
Detection of stable isotopes and radioisotopes by GC,
HPLC und IR-GCM5

• Fermentation measu rement accord ing to DIN 38414 with an
Eudiomete r
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