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The structure of our

biosystem




The blue planet, our home







Components of our ecosystem

We are seeing a tiny part of what is there




Nucleus
Nuclear pore
Chromatin
Nucleolus

Nuclear

membrane
Ribosome

Rough ER

Smooth ER

Plasma membrane
Cytosol

Cell wall

Golgi apparatus
Mitochondrion

Intracellular space
Middle lamella
Cell wall of adjacent cell

Smooth endoplasmic
reticulum

Cytosol

Lysosome

Slime capsule
{glycocalyx)
from cell by exocytosis




The information
stockpile of our

biosystem




~3 meters in humans
only 2% encodes
proteins, the functional
molecules
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To understand the

entire information
in the book it will
take a long time




ited pool of
y?

Bacterial DNA (*10¢)
Archeobacterial DNA(*10¢)
Viral DNA(*10%)
Eucaryotic DNA(*1019)

Cell free environmental DNA
Recombinant DNA-gene technology
Shuffled DNA-directed evolution
Ancestral DNA (calculated)
Synthetic DNA (artificial)




The DNA provides the essential information
(genes-regulatory elements etc) to the cell
machinery (proteinosynthesis) to build
functional molecules: the proteins
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Carbon Nitrogen Phosphorus
Hydrogen O=xygen Sulfur

Percent by Mass of

the Elements in the Human Body Bonds in Biology
- Strong bonds
- covalent bonds

- Weak bonds
- hydrogen bonds
« hydrophobic & hydrophilic interactions

Hydrogen (H) - lonic — transfer of electron

10% lonic bonding

Nitrogen (N) e TRmecl o

39, R4
Calcium (Ca) @ 8%
2%

Na cl Na* o
A" oth ers Sodium atom Chlorine atom Sodium ion Chloride ion

2% Sodium chloride (NaCl)




The Laws of Thermodynamics

. Two bodies in thermal equilibrium are at same T
. Energy can never be created or destroyed.

AE =q+w

. The total entropy of the UNIVERSE
( = system plus surroundings) MUST INCREASE
in every spontaneous process.

‘QSTDTAL — Assystem +£Ssurruundings > 0

The entropy (S) of a pure, perfectly crystalline
compound at T=0K is ZERO. (ho disorder)

S =0 (perfect xll)




o= \‘ cell
chromommes

gene

DNA the Molecule of Life tﬂ)

‘ (

nuclelc acl s
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CHy— CHy—CH .

Amino ¥
acids = T
ls»olwclno(lor)," L

Primary
structure

Secondary
structure

Tertiary
structure

Copyright © 2003 Pearson Education, Inc., publishing as Benjamin Cummings.

Amazing numbers:
random synthesis of
proteins of 300 aa length,
using the 20 amino acids
can create 2039 (~50000)

(CH,J4—NH,
*

(a)
o)

N\, O
\c/




The existing proteins is a tiny fraction of the
existing possibilities
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A Lipoprotein
Glyeerophosph:;:m Cholesterol

oH =]
Inner core of nonpolar lipids: + 6 OH
Membrane protein 3
Cholesteryl esters { é 5
)
Triacylglycerols -] K{ « \é 2 « « (2 ¢
: ol oF
i Nonpolar lipids: ' @ ))
4§ Cholesteryl esters and/or triacylglycerols |

Iopdroghatiz Sele
»~ ~ 7 - -
AT
Z
i
¥

Glycerophospholipids

Organic,
cwymommmm Inc., wmumm

An amazing feature of lipids
A is their hydrophobicity, the
m:':.,:;p:*zf" - driving force for self

u,ﬁ%ﬁm&mmm assembly

(a)




Carbohydrate

ad

.

Starch

[ ]
Single Sugar J [ Double Sugar }

(Monosaccharide)

(Disaccharide)

e

Glucose

Fructose

Galactose

. ______________/

Sucrose

Maltose

Lactose

)/
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The structure of sugars

0
H 0 H N HHOH:
H
0 "Y/ e om
HO OM HO H
2] OH OM H

H OH
Glucose -1. 4 bind Sucrose
a -1.4 bind

Maltose Celloblose

' }

Cellulose
A single bond defines the structure of

long chain will be

polysaccharides



Figure 5.6
Chloroplast Starch granules
AN

Amylose B o
(a) Starch: pm »
a plant polysaccharide

Mitochondria Glycogen granules

(b) Glycogen ’
an animal polysacchande

+ Paari Ecann e

a-1,4 construct helical polysaccharides=storage




The structural polysaccharides are linea

Cell walis

B-1,4 construct linear polysaccharides=structure




The structural polysaccharides are linec:

Chitin

Does mushrooms cells have cell wall?
My hard
shells are
made of

My cell walls are made of chitintoo

chitin. s
made of glucose and chitin is
primarily used as a structural

component, strengthening
exoskeletons, shells, and cell
walls of fungus.

mokumoku.my

B-1,4 construct linear polysaccharides=structure




Zinc (multiple bends)

(8) Saliniketal A
S. arenicola

7,
Sy

OH

N=C

(&) Cyanosparaside A ) el e Calcium




sunlight

ENERGY




anabolic reaction catabolic reaction

smaller molecules larger molecule

o
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larger molecule smaller molecules

© 20132 Encyclopzedia Britannica, Inc.
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ribosomes

in the S
mitochondrial | =~
matrix

Mitochondrion

Intermembrane space

/Outer
< membrane

Inner :
membrane

Cristae

Matrix







How Old Is Biotechnology ?

e |
10,000 BC
Domesticating {
Crops J

Domesticating Animals
8,000-9,000 BC

1880’s
Production of Vaccines

6,000 BC
Brewing Beer | :
e

4,000 BC

Leavening Bread

1940’'s
Production of Antibiotics




AN ANIMAL CELL

‘.\uiclvu,s /Nuclwlus Mitochondrion

Prokaryotic Cell Structure Cytoskeleton
i

apparatus

endoplasmic

Sebicalum Rough

i
a endoplasmic
reticulum

© 2001 Sinauer Associates, Inc,

endoplasmic|
reticulum
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WYMAT &5 ALCDIOn

+ »

C,H,,0, — 2 C,H.OH + 2 CO,

2 Pyruvate

co,
co,
2 Acetaldehyde
2 Ethanol




Glucose

S —

d—

Aspergillus

Lactobacillus

Saccharomyces

m

o
7

4

4

¢ 4

Lactic acid

Soy Sauce

Lactic acid ‘

>

Cheese, Yogurt

Ethanol + CO,

Ethanol Carbon dioxide

Wine Bread




Traditional vs Modern Biotechnology

Pharmaceutical biotechnology

Traditional biotechnology
-secondary metabolites
-antibiotics

-steroids

-vitamins, etc

Modern biotechnology
-recombinant proteins
-monoclonal antibodies
-gene therapy

-transgenic organisms




In silico
modelling

Structural simulations
(e.g. molecular
dynamics)
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Toward Efficient Enzymes for the Generation of Universal Blood
through Structure-Guided Directed Evolution
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Biotechnology and
Nanotechnology




Very Low Impact (<1.4) [] Medium Impact (4.95-8.47) B High Impact (12-15.52)
] Low Impact (1.4-4.95) [[] Medium High Impact (8.47-12) Il Very High Impact (>15.52)

Research presented by Halpern et al in Science in Feb 2008
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=|MPACTS OF BIOTECH=

The latest PLOS ONE metastudy looked at the impacts of biotechnology. We dove in.

Before After Before After Before After
Br’of‘ecé B/ofz‘ecé B/o];ecﬁ Br’of{ecé Biotech  Brotech

Hh HH e ¢ $S  S$SS

L TR $$  $$S
e e X $$  $$S

B S S$SS
il - SR §$ 555
Reduction in e ‘ SS

Pesticides Increase in

. Increase in
Yields

FOODINSIGHT.ORG/FACTS Farmer Income
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Industry
» New products, new
mariets
* Higher value

Synthetic Biology in
the Driving Seat of
the Bioeconomy

Yensi Flores Bueso'=%%*
Mark Tangney'-=°~

and

Synthetic biology is revolutionis-
ing the biotech industry and is
increasingly applied in previously
unthought-of markets. Here, we
discuss the importance of this
industry to the bioeconomy and
two of its key factors: the synthetic
biology approach to research and
development (R&D), and the unique
nature of the carefully designed,
stakeholder-inclusive, community-
directed evolution of the field.




We have to think simple to solve
complicated problems.

Nature has the time to play its own

“Lego” and find wise and sustainable
solutions.

We do not have the time to do so,
therfore we have to learn from nature
and copy.




Human well-being

Economic activity (GDP)

]

- _'_'_'—'—-—-—I Resource decoupling

_.__,.-H""'—‘f Resource use
.r_/—-J Impact decoupling

Environmental impact
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Indicators for a circular economy




Bioeconomics M.Sc

TMHMA TMHMA BI0AOMIAT
OIKONOMIKHE EMIITHMMHI EONIKO KAI KANDAIZTPIAXO
MANEMITHMIO NEIPAIO NANENIITHMIO ADHNON

Bioeconomics M.Sc.

ASpupaTikd / AlaTunpaTikd Npdypopupua

bioeconomics.edu.gr




Bioeconomics M.Sc.

Al1dpupuaTIKO / AlAaTUNUATIKO Mpodypauua

The Bioeconomy in Europe - Hype or Reality ?
Perspectives for Greece

To MNMZ otn «BIO-0IKONOMIA»
Slopyavavel ekdnAwon napouciaong kat évapgng tou Mpoypdppatog

Kevtpikog OpiAntig
Dr. Christian Patermann
téwg AreuBuvrnig tou Mpoypdpparog yia tnvy “Epeuva otn Blotexvoloyia, Mewpyia kat Awarpogni”

wng Mevikng Mpapparteiag "Epevuvag tng Eupwnaiknig Emrponnig kat

vuv ZopBoudog tng Meppavikig KuBépvnong oe BEpara Bio-Oikovopiag

Mépntn, 1n louviou 2017 kaw wpa 18:00
AiBouoa Xuvedpiwv Maveniotnpiov Mepaidg

TMHMA BIOADMIAT
OIKONOMIKHE ENETHMHE EONIKD KA KANOAIZTPIAKD
NANENIZTHMIO NEIPANT NANEMIETHMID ADHNON







15t Internationa
on Bioeconomy EdL

End of April 2018

Tolo, 150 Km from Athens




Thank you



