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Wat is wetenschap ? 

- De wereld beschrijven en begrijpen

- Verhalen, mythes, verifieerbare feiten

- Religie en wetenschap

- De Schepper buiten de Schepping

- Galileo Galilei en de Kerk

- Napoleon: Où est Dieu dans votre système ? 

Laplace: Dieu ?

Je n’ai pas besoin de cette hypothèse !

- Descartes: ‘Je pense donc je suis’ ‘Cogito ergo sum’

- Francis Bacon (1561 – 1626) 

- De experimentale methode

- Vooruitgangsdenken

- Nec plus ultra; The limit is the sky ! 
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-Technologie = de trans-biologische evolutie bovenop de natuurlijke biologische evolutie

- Technologie = techne logos

= de ‘kunst’ om te weten hoe je iets moet maken

Wat is technologie ? 
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Wat is ‘engineering’ ? 

Engineering = technologie ontwerpen (=‘design’) en gebruiken om ‘problemen’ op te lossen

Wikipedia: 

Engineering (from Latin ingenium, meaning "cleverness" and ingeniare, meaning
"to contrive, devise") is the application of scientific, economic, social, and practical
knowledge in order to invent, design, build, maintain, and improve structures, 

machines, devices, systems, materials and processes.
The discipline of engineering is extremely broad, and encompasses a range of more
specialized fields of engineering, each with a more specific emphasis on particular
areas of applied science, technology and types of application.

http://en.wikipedia.org/wiki/Latin
http://en.wikipedia.org/wiki/Latin
http://en.wikipedia.org/wiki/Science
http://en.wikipedia.org/wiki/Economics
http://en.wikipedia.org/wiki/Economics
http://en.wikipedia.org/wiki/Invention
http://en.wikipedia.org/wiki/Design
http://en.wikipedia.org/wiki/Design
http://en.wikipedia.org/wiki/Process_(engineering)
http://en.wikipedia.org/wiki/Process_(engineering)
http://en.wikipedia.org/wiki/Process_(engineering)
http://en.wikipedia.org/wiki/List_of_engineering_branches
http://en.wikipedia.org/wiki/List_of_engineering_branches
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Kepler

Wet 1: Orbit = ellips; Zon = brandpunt

Wet 3: 

Wet 2: ‘Straal’ bestrijkt gelijke
oppervlakken in gelijke tijdsintervallen

De wetenschap (analyse)  

Newton
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The unreasonable effectiveness of mathematics 
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Kijken in het verleden
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Kijken in de toekomst

Hoe gravitatie en quantummechanica unificeren ?

Zwarte gaten, string theorie, …. 

Wiskundige consistentie  11 dimensies ! 



WETENSCHAP
Denken, analyseren, verstaan
voorspellen

TECHNOLOGIE
Doen, ontwerpen, gebruiken
Observeren (=data)

Mechanica Wetten van Newton 
Relativiteitstheorie Einstein 

Auto’s, treinen, vliegtuigen
Satellieten, gps

Electro-
magnetisme

Wetten van Maxwell
Kwantummechanica

Nanotechnologie, chips
Computers, Internet 
Sociale netwerken 

Biologie Wetten van Mendel 
Dubbele helix 

Assistieve technologieen
Synthetische biologie 

13



De wetenschap (analyse)  

1880: Maxwell’s wetten (electro-magnetisme)

1905: Quanta: Planck en Einstein 

1910: Atoom model  Bohr 

1940: Computer-principe van Turing en von Neumann

1948: Information theorie van Shannon 

1930: Quantummechanica van Heisenberg, Schrödinger,…

1950: Transistor 
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‘Understand’ ?

Rekenkracht x 2 elke 18 maand 

Technologie en ontwerp: Derde industriele revolutie (1945…) 
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Ontwerp van een computer-chip: modulair !   

Huis 

Living
Keuken
Slaapkamer
Badkamer 
Garage  
…. 

water, electriciteit,…
Bakstenen (klei) 
….. 

Plan 

Chip 

Geheugen 
Klok
Controle eenheid  
Rekeneenheid 
Communicatie  
…. 

Energie, communicatie,…
Transistors (silicium)
….. 

Plan 



www: max 19 clicks !
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1 million = 1 000 000
1 billion = 1 000 000 000
1 trillion = 1 000 000 000 000
1 quadrillion = 
1 000 000 000 000 000

1 kB   = 1 000 
1 MB = 1 000 000
1 GB  = 1 000 000 000
1 TB   = 1 000 000 000 000
1 PB   = 1 000 000 000 000 000   

1 TB 
= large university library
= 212 DVD discs 
= 1430 CDs
= 3 year music in CD quality18
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De wetenschap

1865: Mendel: Erfelijkheidswetten

1944: Avery/MacLeod/McCarty: DNA = drager erfelijk materiaal

1953: Watson/Crick: DNA dubbele helix 

2001: Menselijk Genoom Project

1966: Nirenberg/Khorana/Holley: Genetische code ontrafeld

1972: Cohen/Boyer: Recombinant DNA, transfer van gene naar
bacteria 

1965: Restriction enzymes: DNA ‘scharen’ 

1977: Sanger/Maxam/Gilbert: DNA sequenceer methodes

1982: Insuline door transgene bacteria

1985: Polymerase Chain Reaction (PCR)

1991: Eerste transgeen dier: Herman de stier

1994: Genetisch Gemodificeerde Tomaten

1997: Eerste gekloond dier: Dolly 
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Dubbele helix 

Guanine

Adenine

Cytosine

Thimidine
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Complementariteit

Complementariteit cruciaal voor
erfelijkheid
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Het genoom
…………………….ACACATTAAATCTTATATGCTAAAACTAGGTCTCGTTTTAGGGATGTTTATAAC

CATCTTTGAGATTATTGATGCATGGTTATTGGTTAGAAAAAATATACGCTTGTTTTTCTTTCCTAG

GTTGATTGACTCATACATGTGTTTCATTGAGGAAGGAACTTAACAAAACTGCACTTTTTTCAACGT

CACAGCTACTTTAAAAGTGATCAAAGTATATCAAGAAAGCTTAATATAAAGACATTTGTTTCAAGG

TTTCGTAAGTGCACAATATCAAGAAGACAAAAATGACTAATTTTGTTTTCAGGAAGCATATATATT

ACACGAACACAAATCTATTTTTGTAATCAACACCGACCATGGTTCGATTACACACATTAAATCTTA

TATGCTAAAACTAGGTCTCGTTTTAGGGATGTTTATAACCATCTTTGAGATTATTGATGCATGGTT

ATTGGTTAGAAAAAATATACGCTTGTTTTTCTTTCCTAGGTTGATTGACTCATACATGTGTTTCAT

TGAGGAAGGAACTTAACAAAACTGCACTTTTTTCAACGTCACAGCTACTTTAAAAGTGATCAAAG

TATATCAAGAAAGCTTAATATAAAGACATTTGTTTCAAGGTTTCGTAAGTGCACAATATCAAGAAG

ACAAAAATGACTAATTTTGTTTTCAGGAAGCATATATATTACACGAACACAAATCTATTTTTGTAAT

CAACACCGACCATGGTTCGATTACACACATTAAATCTTATATGCTAAAACTAGGTCTCGTTTTAG

GGATGTTTATAACCATCTTTGAGATTATTGATGCATGGTTATTGGTTAGAAAAAATATACGCTTGT

TTTTCTTTCCTAGGTTGATTGACTCATACATGTGTTTCATTGAGGAAGGAACTTAACAAAACTGCA

CTTTTTTCAACGTCACAGCTACTTTAAAAGTGATCAAAGTATATCAAGAAAGCTTAATATAAAGAC

ATTTGTTTCAAGGTTTCGTAAGTGCACAATATCAAGAAGACAAAAATGACTAATTTTGTTTTCAGG

AAGCATATATATTACACGAACACAAATCTATTTTTGTAATCAACACCGACCATGGTTCGATTAACA

CATTAAATCTTATATGCTAAAACTAGGTCTCGTTTTAGGGATGTTTATAACCATCTTTGAGATTAT

TGATGCATGGTTATTGGTTAGAAAAAATATACGCTTGTTTTTCTTTCCTAGGTTGATTGACTCATA

CATGTGTTTCATTGAGGAAGGAACTTAACAAAACTGCACTTTTTTCAACGTCACAGCTACTTTAAA

AGTGATCAAAGTATATCAAGAAAGCTTAATATAAAGACATTTGTTTCAAGGTTTCGTAAGTGCACA

ATATCAAGAAG………………………………………

Humane Genome
- +/- 25 000 genes of 60 – 120 kB;
- only 3 % DNA = gene (exon: codes for protein);
- rest = intergenic (introns, regulatory elements, see later);
- Each person’s genome is 99.8 % identical to everyone else’s;
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Group Species Genes Genome  
(Mbase)

Phages Bacteriophage MS2 4 0.003560

Viruses HIV Type 2 9 0.009671

Bacteria Haemophilus influenzae (1995) 1 760 1.83

Archaea Methanococcus jannaschii 1 735 1.74

Fungi Saccaromyces cerevisiae (yeast) (1996) 5 800 12.1

Protoctista Oxytricha similis 12 000 600

Arthropoda Drosophila melanogaster (fruit fly) (2000) 12 000 165

Nematoda Caenorhabdiis elegans (Round worm)(1998) 14 000 100

Mollusca Loligo Pealii 35 000 2700

Plantae Arabidopsis thaliana (Mustard cress)(2000) 25 000 70-145

Chordata Homo Sapiens 25 000 3000

Schatting: 265-350 genen vereist voor ‘leven’
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Computer Tomography

Magnetic resonance

GS-FLX Roche 
Applied Science 454

Sequencers

ACACATTAAATCTTATATGC

TAAAACTAGGTCTCGTTTTA

GGGATGTTTATAACCATCTT

TGAGATTATTGATGCATGGT

TATTGGTTAGAAAAAATATA

CGCTTGTTTTTCTTTCCTAG

GTTGATTGACTCATACATGT

GTTTCATTGAGGAAGGAAC

TTAACAAAACTGCACTTTTT

TCAACGTCACAGCTACTTTA

AAAGTGATCAAAGTATATCA

AGAAAGCTTAATATAAAGAC

ATTTGTTTCAAGGTTTCGTA

AGTGCACAATATCAAGAAG

ACAAAAATGACTAATTTTGT

TTTCAGGAAGCATATATATT

ACACGAACACAAATCTATTT

TTGTAATCAACACCGACCAT

GGTTCGATTACACACATTAA

ATCTTATATGCTAAAACTAG

GTCTCGTTTTAGGGATGTTT

ATAACCATCTTTGAGATTAT

TGATGCATGGTTATTGGTTA

GAAAAAATATACGCTTGTTT

TTCTTTCCTAGGTTGATTGA

Mass spectrometry

Microarrays 
(DNA chips)

Tsunami van data door technologische vooruitgang
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Genome data
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• Human genome project

– Initial draft: June 2000

– Final draft: April 2003

– 13 year project

– $300 million value 
with 2002 technology

• Personal genome

– June 1, 2007

– Genome of James Watson, 
co-discoverer of DNA double 
helix, is sequenced

• $1.000.000

• Two months

• €1000-genome

– Expected 2012-2020
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1990 1995 2000 2002 2005 2007 2010 2015

Cost per base pair

Genome cost

YearΩ Cost per base pair Genome cost

1990 10 3E+10

1995 1 3.000.000.000

2000 0.2 600.000.000

2002 0.09 270.000.000

2005 0.03 90.000.000

2007 0.000333333 1.000.000

2010 3.33333E-06 10000

2015 0.0000001 300



Tsunami of medical data

PACS

UZ Leuven

1,6 PetaByte

Genomics core 

HiSeq 2000 full 

speed exome 

sequencing

1 TeraByte / week

1 small 

animal 

image

1 

GigaByte
1 CD-ROM

750 

MegaByte

sequencing all newborns 

by 2020 (125k births / 

year)

125 PetaByte / year

index of 20 

million 

Biomedical 

PubMed 

records

23 GigaByte

1 slice mouse 

brain MSI at 

10 μm 

resolution

81 GigaByte

raw NGS data 

of 1 full genome

1 TeraByte
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Medische beeldverwerking
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35Biology = information processing = mathematics
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Mitochondral DNA: Europa’s moeders
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© Armstrong SA et al. Nat Genet. 2002 Jan;30(1):41-7. 

PCA

12 600 genes 
72 patienten

- 28 Acute Lymphoblastic Leukemia (ALL)
- 24 Acute Myeloid Leukemia (AML)
- 20 Mixed Linkage Leukemia (MLL)

Diagnose van leukemie gebaseerd op genetische biomarkers
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‘Chemotaxis’ verstaan 



44‘Chemotaxis’ verstaan 
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Robots & Exoskeletons
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Implantaten en slimme pillen

Embedded intelligence
Smart pills 

Neuron on chip 

Rehabilitation engineering
Monitoring 
Sensors: EEG, glucose,blood, DNA, …
Add-ons: vision, hearing, implants, … 

Cellular

POTS

WLAN

w
ir
e
le

s
s
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Synthetische biologie: Ontwerp een bacterie die 

kankercellen detecteert en vernietigt

Memory

Input

Filter

Reset

InverTimer

Cell Death

Output

http://2013.igem.org/Team:KU_Leuven



in silico model Dr. Coli
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beginsituatie ziekte genezen ziekte genezen

Geneesmiddel Geneesmiddel

Timer

Timer

Reset

Celdood-
regulator

Celdood

Geheugen aan: timer en celdood kunnen
gebruikt worden

Geheugen
uit

Dr. Coli doet zijn job !
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- Design life ? 

- Design bacteria voor energie, clean tech, menselijke therapie

- Design artificiele organen

- Three deficits 

- Legaal (de wet loopt achter) 

- Democratisch (zijn beleidsmensen voldoende geschoold ?) 

- Ethisch (niet hoe maar wat !) (GGO, stamcellen, in vitro fertilisatie, ….) 

Life goes live ?  
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