Bioeconomy and
Biosystems

So complicated, so simple, so smart
the lego puzzle of nature
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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
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The information
stockpile of our

biosystem
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~3 meters in humans
only 2% encodes proteins




i
iy
S 4

1

CTI0

A

(TR
]

|

i lime

AARTIRIP U U5 50 100 2000 (000 ONE HRERDERRID O 0V R

& 1l
)

FE | REl

v B B 108 9 ST

Wi
1o LD BES
NI

RN I N T

iy
(LR TR AR L
i

'

Fimnen g

gl B

(I TTTR DT Y

1]
(N )

(e 00 @ o O O

\

UL ORI L B

Wil a b Ddner Dionh

Bkl 00 00 0 DD

vl g Bronen B
PRt iR b Do Biniek|

R ULIR RN )
$ Busun

L L)
T -

BOBDIIE G HB ik AT BB
10900 e Wi P
@
A5 M
R THE )

RIE 10

AV B AE _
£ P ihind il 1w 200 e Y
N

o o EEAD ESEE- (b B ko Sk

JRIL %)
W0 Fiiee
JLiL o

i Iy I

S eacatgagtac ngtggt:llgtcttctac9¢9cc::t
’ aa

satccttctctactaaattget tctcgat te
a

(11
RO R R R TR R TR R TR

111 ]

)
R

LRSI N

i

g R W Il

LR L

[ BT TR ETE Y )
FIEE I

-
3
3
B
-3
¥
-

-
g
:
E
2
§

-

-

B TR R 0 1 (2R 0 BT R TR
D B B (BP0 IR BRI S

(i

L1

(L B EEIEIT T )
3 R ERCE)CEE
1E 0 B

#Hee 0

«ili

|

To understand the

entire information
in the book it will
take a long time




ited pool of
y?

Bacterial DNA (*109)
Archeobacterial DNA(*109)
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 : 3
the Elements in the Human Body Bonds in Biology

+ Strong bonds
.' - covalent bonds
- Weak bonds
: Carbon (Q) - hydrogen bonds

18% « hydrophobic & hydrophilic interactions
Hydrogen (H) - lonic — transfer of electron
10% lonic bonding
Nitrogen (N) E _NN;::;,:;,,
3% £

Calcium (Ca)
2%

1] Na* cr-
Sodium atom Chlorine atom Sodium ion Chloride ion
others
20/0 Sodium chioride (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 +Assurruundings > 0

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

Sy =0 (perfect xll)




e \ cell
chlomosomes

DNA the Molecule of Life f J

nuclelc aci §
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Primary
structure

c c

| ;

S=outeN
c=0

Secondary
structure

Random coil
£

structure

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

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

(CH)4—NH,
Y@
o_ o
N\
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The structure of proteins

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

Inner core of nonpolar lipids:
Cholesteryl esters
Triacylglycerols

: eh wIoF
\\‘\ Nonpolar lipids: (1 (i"’))"
" Cholesteryl esters and/or triacylglycerols '

Membrane protein
Glycerophospholipids

Ch ry: An ion to General, Organic, and Biological Chemistry, Eighth Ediion.
Copyright © 2003 Paarson Educaton, Inc., publshing as Benjamin Cumemings.

(3 An amazing feature of lipids
£ & \\ ' is their hydrophobicity, the
Phcarig dstrt o820 &A driving force for self

molecules in bulk phase /

s assembly

(a)




Carbohydrate

=

-
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I ]
Single Sugar } [ Double Sugar ]
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The structure of sugars

CH30M G0N o
= 0 WA O\ 1 HOH;
H g ;
HO OM HO kot
M OH oM M

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

Maltose Celloblose

1 long chain will be l
_Starch Cellulose

A single bond defines the structure of

polysaccharides



Figure 5.6
Chloroplast Starch granules
= A

‘ o
AN Amylose g"
(a) Starch: ™ »
a plant polysaccharide

Mitochondria Glycogen granules

Ly

(b) Glycogen: 0.5 um
an animal polysaccharide

2011 Pearme Bacann

a-1,4 construct helical polysaccharides=storage




The structural polysaccharides are linea
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B-1,4 construct linear polysaccharides=structure




The structural polysaccharides are linec:

Chitin

oH

ﬁggﬁ"“ \%'“

PHAT

Does mushrooms cells have cell wall?

My hard
shells are
made of

My cell walls are made of chitintoeo

Ch |t| n Chitin is
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)

(5) Saliniketal A
S. arenicola
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sunlight

®

ENERGY




anabolic reaction catabolic reaction

smaller molecules larger molecule
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0% .9 ® 0

larger molecule smaller molecules
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Mitochondrion

Intermembrane space

/ Outer
<« membrane

ribosomes

in the ==
mitochondrial =
matrix

{ )

itochondrial DNA







How Old Is Biotechnology ?

T ——
10,000 BC
Domesticating ‘ ¥
Crops 3

6,000 BC
Brewing Beer | :
e - Lk

Domesticating Animals

8,000-9,000 BC 4,000 BC
Leavening Bread

1880’'s ., | 1940’'s

Production of Vaccines Production of Antibiotics
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A\
"}4_ £ N

lortheast Biomanutacturing Center and Colfaborative




Prokaryotic Cell Structure

AN ANIMAL CELL

Nllfl(‘ll\' /Nuclm!us Mitochondrion

Cytoskeleton
|

’ endoplasmic SRSy
% reticulum Uph:. .
a endoplasmic

membrane reticulum

© 2001 Sinauer Associates, Inc.

Smooth endoplasmic
reticulum

Cytosol
Lysosome

Mitochondrion

Microvilli

Microfilament
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2 Pyruvate
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2 Acetaldehyde
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Lactic acid

Soy Sauce

Lactic acid

>

Cheese, Yogurt

Ethanol + CO,

Ethanol

,

Wine

Carbon dioxide




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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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 4 After Before After
Brotech Brotech otech  Biotech Brotech  Brotech

A Bh e ¢ $S S$SS

1R TEL $$ 555
-SRI S$ 555

gl $S S$SS
el 6 $S ggs
Reduction in _

Pesticides ; 'Im:rease In
Farmer Income

FOODINSIGHT.ORG/FACTS




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




Thank you



