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How is life (and its origin) organized?

2. What is the bio-chemical organization of
an organism?

4. How did the bio-chemical organization of
the pre-prebiotic soup evolved?
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o

How does the lattice of organizations
of an organism looks like?

lattice of organizations = organizational structure
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What is an answer ?

[Source: Puchalka/Kierzek (2004)Biophys. J. 86, 1357]
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,Chemical Organization®

There is no reaction producing
any other molecules

than the member of the set.

Organization :=
a set of molecules 1#
(algebraically) closed and
self-maintaiq

Within the set, all molecules
consumed by a reaction

can be reproduced by a reaction.

[Speroni di Fenizio/Dittrich (2005/7)
inspired by Fontana, Buss, Kauffman, Maturana, Varela, Uribe]
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Fixed Point and Organization

Theorem

Given a fixed point of the ODE describing the dynamics
of a reaction system, then the set of molecules
represented by that fixed point is an organization.

[Dittrich/Speroni di Fenizio, (2005,2007)]
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Practical View

Organization =

Chemical

mmmmm)p| Organization

Theory

Reaction
network
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All Organizations

Organization :

Chemical

mmmmm)p| Organization

Theory

Reaction Organizations
network
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Lattice of Organizations

Hasse diagram of
the organizations

Chemical

mmmmm)p| Organization

Theory

—

Reaction
network

Organizations
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Generate Organization

Hasse diagram of
the organizations

Chemical

mmmmm)p| Organization

Theory

—

Reaction |G,({3, 4}) = 7?

Organizations

network
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Generate Organization

Hasse diagram of
the organizations

Chemical

mmmmm)p| Organization

Theory

—

Reaction |G, ({3, 4}) = {1}

Organizations

network
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Union of Organizations

Hasse diagram of
the organizations

Chemical

mmmm)| Organization )

Theory

Reacti

netwo|

CaOrg({Sﬂ 4}) = {1}
{1} UO {25 3} = GOrg({1} U {2!3})

Eaﬁons
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o

How does the lattice of organizations
of an organism looks like?

organizational structure = lattice of organizations
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S+0>20+W | {S, 0, W} |
>S
0>
W (S} |
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Is there more?

S+0,220,+W
S+0,220,+W

25
O->
W->
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Is there more?

S+0,220,+W

S+0,+0,2>20,+W
2>S

O->
W->
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- How does the lattice organizations in

an organism looks like:

e« Nnumber?
e hight?
o size distribution?
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We looked at a coupe of network models of

‘real” systems

« photochemistries
(dead, closed but not isolated systems)

« metabolism
 regulated metabolism
 lambda-phage

e HIV - Immunesystem
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Photochemistry

1483

1481 -_\‘
1479 -f-:ﬁﬁ-

http://www.fpsoftlab.com/images/screenshots/mars-640x480-1.jpg

1482 (HNO2 HNO3 HO2NO? |

1476|(OH HO2 H20 H202 )

31 molecglar species, et
103 reaCtlonS 1471 03020302

_——

Y. L. Yung and W. B. DeMore (1999) 6 (G ca
Photochemistry of Planetary =

Atmospheres, Oxford University Press
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E. coli Model (1)

All 92 Species
Glucose + Glycerol + Lactose

78 + 8 = 86 Species
Glucose + Glycerol

78 + 6 = 84 Species

ose + Lactose

76 + 2 = 78 Species
Glucose

76 Species, incl.
28 Input
Glucose

F. Centler, P. Speroni di Fenizio, N. Matsumaru, P. Dittrich
(2007); in: Modeling and Simulation in Science Engineering

and Technology, Post-proceedings of ECMTB 2005,
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E. coli Model ()

Metabolism Metabolism ‘

« F. Centler, P. Speroni di Fenizio, N. Matsumaru, P. Dittrich (2007); in: Modeling and
Simulation in Science Engineering and Technology, Post-proceedings of ECMTB 2005,
Dresden (in print)



E. coli Model (Il) - Regulated Network

e Palsson/Covert

« Organization theory is able to predict
growth phenotypes of various mutants
quite nicely

« But the organizational
structure is simple ‘ {S, O, W} ‘

(S} |

- C. Kaleta, F. Centler, P. Speroni di Fenizio, P. Dittrich (2007), submitted
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E. coli Model (l11)

ho, Gadp
\ GLESI aapgic

e\ Y \@mp
" Central Metabolism

L)
ol g
-

N,

gied

o
n

on i op dizw iR

: ms) S nadp

o O [oman®  ~° Vs

opal S

GeppH2r

coa
F
succle] suce

. ar

oI\
| nae

<
cile]

Hle ==t 1comye | -
hle] @/—:%:T\O h P;;@:z 2 naupnh -

/' FUMR_3 &A\AXGtZr ~©
R/ S0 ]

XGDH /'\(‘7 =

N’ ‘\i /:g/ ;’

SR e « network from Palsson et al (?
« analysis by C. Kaleta 2006

Peter Dittrich - FSU & JCB Jena

22.02.2007 Bled



. coli Model (111)

synthesis of some
dNTPs

/,' O Jthymd_ex unagamuf eca EC ditp dtdpgly dtdp4dGdg dtdp4dEdm dtdprmn dtdp4addg dtdpdaaddg dtdp 4ppoys pandp dpcea doyt duri demp dedp detp dutp thymd thym dump dtmp dudp
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- analysis by C. Kaleta, F. Centler, 2006
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HIV Models

ODE Model Reaction Network Model Organizational Structure
A: (M. A. Nowak, C. R. M. Bangham: b p prp——
Secience 272, 5258 (1996), T4-79. ) = 0 —
¥ = A_dzr_pzv Tz ”
y = prv—ay X + v ~ y+v
v = ky—uv y — y+vw {x}
0 — x
B: (M. A. Nowak, C. R. M. Bangham: = g {x.y,v.z}
Scienee 272, 5258 (1996), 74-79. ) v
- v — 0
r = A—dr-—jrv 1x,y,v}
. z — 0
Uy = Qf[zrv—ay—pyz X+v — y+w
vt = ky—uv + _
P = eyz—bz yrz — = {x}
y+z — v+ 22
y & y+v
0 — x
C: (D. Wodarz, M.A. Nowak: = E x,y.%,2}
PNAS 96, 25 (1999), 14464-14469. ) E - i
i = A—dr—fry - 0 {x,y}
i = foy-oy-py xs+y - 2y
¢y = yw — eqyw — bw il o
F = ecqyw —hz v iz
y+wW — Y+ =z
X+y+wWw — X+y+2W

« N. Matsumaru, F. Centler, P. Speroni di Fenizio, P. Dittrich (2006); it - Information
Technology, 48(3):1-9,
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HIV Models

P — Qq
D: (D. S. Callaway, A. S. Perelson: R — 0 {Q,x,y,v,B}
Bull. Math. Biol. 64 (2002), 20-64. ) x — @ —
Q = {—fQ-68(v+ B)Q y — @ /
¥ = s&fv+B)Q —dr v — @ {Q.x,y,v}
—(1 — k) Bzv X+V — y+v {9.x,B}
= (1 —-kK)fzv —ay ¥y — ¥ + Npv /
? = Npdy—uv Q+v — X +vV {E!}-
Q+B — sxX + B
P=1-7 0<k<1l0<n<l
- x| i
x — i : {st,VI.V}\-‘I} E
Vr —+ Iﬂ ! I H
E: (A.S. Perelson, et al.: vyr — B ' ixt '
Sedence 271, 5255 (1996 ), 1582-1586. ) X+vi — §y+ v | rmmmmmmmmm—
F = A—dr—(l—r)kurz ¥y — y 4+ : P uk
J I = E {X-YI-VI} i E {K:Y:IVNI}‘ i
iy = (L—n)Npdz—cuy - x S Y R Y
Uy = ﬂf‘v’réy—cvm x — i 1 H H
vy — B n=1>0, n=1
g — 0 0<k<l1 — 0<k <1
X+V — Y +V; i
¥y — ¥+ Vg bmnd K =1

« N. Matsumaru, F. Centler, P. Speroni di Fenizio, P. Dittrich (2006); it - Information
Technology, 48(3):1-9
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How does the lattice of organizations
of an organism looks like?

]
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How did the bio-chemical organization
of the pre-prebiotic soup evolved?

What is the characteristics of the organizational evolution?
upward? downward? ...
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A View of Chemical Evolution

in the state space

(actual evolution)
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1000
900
800
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400
300
200
100

Concentrations [# / 1000]

700 -

500 |

Actual Evolution

338581102 —
724457068
724457070
2200852078
2486064750 -
2637059692 -
2637059694 -
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in the state space

(actual evolution)
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40000

Actual Evolution

['Be1168720"

" best"? _—

35000 Fag196136" -

number of strings (M =1E6)

"1 4096126™ -
20000 [14092646% -
1 saazete:
e e
235000 FyparseabT
"1 04e264e"

20000 —
15000 —~ ----------------------------------
10000 |- 4
5000 —— --------
O :.-:’:
O 50
time in generations
' in the state space
Xg
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(actual evolution)
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Actual Evoluton

VS.

raanizational Evoluti




Organizational Evolution

Movement in the set
of organizations

O g o _ > QO g+1
/ (organizational evolution)
Goo
Sg Gorg Org Sg+1

o ¢ Movement o ﬁ

in the state space

(actual evolution)
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Organizational Evolution

Hasse diagram of

1. Upwards [t1—t2] 0 | O X organizations
4 4

[2]

(3] Organizations
AN [4
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Organizational Evolution

Hasse diagram of

1. Upwards [t1—t2] 0 | O X organizations
4 4

3. Downwards [t2—t3] 0t2 Ot3

[2]

(3] Organizations
AN [4
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Organizational Evolution

Hasse diagram of
1. Upwards [t1—t2] Oﬂ 0;2

3. Downwards [t2—t3] 0t2 Or3

5. Sidewards [t1—t3] otherwise

A set of existing
species and an
organization are
not equivalent.
e.g., {2,3,4}

22.02.2007 Bled

organizations

1 2 13
Voo |

[2]

(3] Organizations
AN [4

Peter Dittrich - FSU & JCB Jena 37




Theoretical vs. Practical

« Theoretically:

— Every possible species is known.

— Entire reaction network is given.

—Every possible organization can be calculated.

— It is possible to define the dynamics on the ODE
 Practically:

— NOT every possible species is known.

—the entire network is NOT given.

—NOT evey possible organization can be
calculated.
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Perspective Change
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[2]

[3]
[\ [4]
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Hasse diagram of
the organizations

Organizations
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Perspective Change

o,
N
N

—
X

[\ [4]
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How did the bio-chemical organization
of the pre-prebiotic soup evolved?

What is the characteristics of the organizational evolution?
upward? downward? ...
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e There are two levels of chemical evolution.
— Actual evolution

(the actual vessel)

— Organizational evolution

(upward, downward, sideward movements)

 These levels are different.

« |f the organizations are complex, a
downward movement (organizational
level) can lead to a state with a higher
diversity (actual evolution).
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beauty of VS unaccesibilty of
mathematics | the real world

VS.

Http://www.mbl.edu/Astrobiology/Riley/image/E.coli.gif

crule abstraction ¢ beauty of the
of mathematics real world
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