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Cyanobacteria
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Table 1. Mathematical model of the budding yeast cell cycle

Equations governing cyclin-dependent kinasas
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Equations govemning the Clb degradation machinary
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Modeling the Budding Yeast Cell Cyele
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Qualitative <:> Quantitative

Not enough data
Can’t do “operating logics”

Not expressive enough
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Not Just for Messages

EIA iz a versatile molecule. In its most famihar role, EINA acts as an mtermediary, carrying genetic

information firom the DA to the machinery of protein synthesiz. EITA also plays more active roles,

petforming many of the catalytic and recognition finctions noermally reserved for proteins. In fact, most of _ B~

the EMNA i cells 15 found i ribosomes--our protein-synthesizing machines--and the transfer ENA gL il m gt
molecules used to add each new aming acid to growing proteins. In addition, countless small ETT8 .

molecules are wmvolved i regulating, processing and disposing of the constant traffic of messenger BT A ; AR
The enzyme EINA polymerase carries the weighty responsibility of creating all of these different EIA o .

molecules.

The RNA Factory e

EIMA polymerase 15 a huge factory with many mowing parts. The one shown here, from FDE entry 1i6h,

15 trom veast cells. Ttis composed of a dozen different proteins. Together, they form a machine that - NS
surrounds DA strands, unwinds them, and builds an EIA strand based on the information held inside

the DINA. Once the enzyme gets started, EIA polynerase marches confidently along the DI A copying

EIMA strands thousands of nucleotides long

it e

=

Az you mught expect, EMNA polymerase needs to be accurate in its copying of genetic information. To

its accuracy,

removed, b this 15 a

about once pay EMA

RNA polymerase is a huge factory with many moving parts. The one
shown here, from PDB entry 1i6h, is from yeast cells. It is composed of
a dozen different proteins. Together, they form a machine that
surrounds DNA strands, unwinds them, and builds an RNA strand
based on the information held inside the DNA. Once the enzyme gets
started, RNA polymerase marches confidently along the DNA copying
RNA strands thousands of nucleotides long.

g ac
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www.biocarta.com
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LTy, Calmodulin-dependent Protein Kinase Activation H W]

P adriurn induces DHA synthesziz and proliferation in macrophages H M
P Calcium Signaling by HBEx of Hepatitis B virus H M

P Cardiac Protection Against ROS E

P carML and Regulation of the Estrogen Receptor H

> Cazpase Cascade in Apoptosis E E

e Catabolic pathway far asparagine and asparate

I Catabolic pathways for alanine, glycine, serine, cysteine, tryptophan, and threonine
P catabolic Pathways for Arginine , Histidine, Slutamate, Glutarmine, and Proline (H M
B - atabolic FPathways for Methionine, Isoleucine, Threonine and Waline E E
P cBL rmediated ligand-induced downregulation of EGF receptors (H (m]

P coRa signaling in Eosinophils H W]

P cp4a0L Signaling Pathway [H M

P dezs and chki Fegulatory Pathway in response to DMA darmage [H M]

P cok Regulation of DHA Replication (H [m]

B ocell Cucle: 3175 Check Point (H (m]

B ocell Cucle: G2/M Checkpaint (H M

P cell to cell adhesion Signaling (H ]

P cells and Malecules invalved in local acute inflammrnatory response (H]

P coramide Signaling Pathway H W

b Chaperones modulate interferon Sigrnaling Pathway H

P chrERR regulation by carbohydrates and caMP H M
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P CTCF: First Multivalent Huclear Factor [H M

P cTL mediated immune response against target cells (H M

P cucR4 Signaling Pathway (H M

b Cuclin E Destruction Pathway H W]
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g Cucling and Cell Cycle Regulation (H ]
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Eukaryotic protein translation
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Action of PPARa, PPARD(d) and PPARg and effects on gene expression

Lipoxygenases,
Cyclooxygenases

Diet, release

from adi_puse : / Macrophage
~ / and other cells

Fatty acids

Py
I3

Prostaglandins
Leukotrienes

Intermediary
Meatabolism

“PPRE

Peroxisome
Proliferation, Fatty Acid
Metabolism, Lipid \"|
Homeostasis, ¥
Hepatocarcinogenasis PPRE

Adipocyte
Differentiation, Glucose
Fatty Acid Metabolism, and Insulin

Lipid Homeostasis, Homeostasis,
Skin profifaration Macrophage Function

www.biocarta.com



Granzyme A mediated Apoptosis Pathway
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Multi-step Regulation of Transcription by Pitx2
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Cell Cycle: G2/M Checkpoint
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p53 Signaling Pathway
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Double Stranded RNA Induced Gene Expression

Double Stranded BEMA
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Immune Response
Cell Growth and Apoptosis
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Photosynthesis (light reactions)
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PhotoSynthesis (light reactions)

http://www.bio.ic.ac.uk/research/barber/photosystemll.html
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Causal/Regulatory Model

+ -
NBLR —— NBLA —— PBS

/ BN

DF psSbAl . Health

+ RR —— psbA2 —— Photosynthetic
activity

Light cpcB

Shrager, et al. (2002)



lon-channel example:

sh

(cell-a

O

ian

ion-channel

~
S @t=<>

B-USER 28 > cell-a.membrane.{contains ion-channel)
{new) ion-channel.{in cell-a.membrane) :#= [reactant ion-c
ion-channel.{in cell-a.membrane) :#= [reactant ion-channel

B-USER 21 > cell-a.inner.{contains ion)

{new) ion.{in cell-a.inner) :#= [reactant ion cell-a.inner
{(new) ion.(in dish) :#= [reactant ion dish]

{(new) transport-rxn.rev.1.{in cell-a.membrane) :#= [reacti
{(new) transport-rxn.fwd.1.{in cell-a.membrane) :#= [reacti
ion.(in cell-a.inner) :#= [reactant ion cell-a.inner]

B-USER 22 > cell-b.membrane.{contains ion-channel)

{(new) ion-channel.{in cell-b.membrane) :#= [reactant ion-c
(new) ion.(in cell-b.inner) :#= [reactant ion cell-b.inner
(new) transport-rxn.fwd.1.{in cell-b.membrane) :#= [reacti
{(new) transport-rxn.rev.1.{in cell-b.membrane) :#= [reacti
ion-channel.{in cell-b.membrane) :#= [reactant ion-channel

“little b”, aneil mallavarapu
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model Photo_Reg;

variables light, mRN A, photo_protein, ROS, redoz, transcriptioy
observables light, mRN A;

initials mRN A = 0.253, photo_protein = 0.836, ROS = 0.059, re
process photosynthesis;

equations d[redox,t, 1] = 0.0155 = light  photo_protein;

d[ros,t, 1] = 0.019 = light * photo_protein;
process photo_translation;

equations d[photo_protein,t, 1] = 7.539 + mRN A;
process automatic.degradationl;

conditions photo_protein > 0;
equations d[photo_protein,t, 1] = —1 % 1.905 * photo_protein;
process controlled_degradationl;

conditions redox > 0, ros > 0;
equations d[redoz,t, 1] = —1 % 0.0003 * ros;

rf[rr)s,!, 1] = —1 % 0.0003 * ros;

process mRNA transcription;

equations dimRNA, ¢, 1] = transcription_rate;
process regulate_one_l;

equations transcription_rate = 0.938 « light;
process regulate_two_2;

equations transcription_rate = 1.203 * redoz;

\
i
1
i
d[redozx,t,1] = —1 # 0.0002 * redox; \
|
A 1
\
1
1
N Rl ; Observed !
& ~— i .
.. Predicted oo
~d
i T T T T T 1
0 4 8 12 16 20

24
Hours
Predicted and observed levels of average gene expression over a 24-hour period.
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‘ <ll>> (solve-constraints "test.cons")

[solve-constraints "test.cons") [Enter]
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How Lisp Will Save the World

Biological models are complex webs of parts,
processes, dynamics, and operating logics.

The expressions in these models range over both
gualitative and quantitative value spaces.
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Biologists base their theories about
what something does upon what
other biologists think some other
things that look similar do.



Homology of hexokinase across species:

yeast 551
A. thaliarnao G631
human B31
moLuse 551

5. masoni 551

yeast 01
A. thaliana TO1 H
human 701 E
moLse TO1 E
5. masoni a1
yeast 31
A. thaliana 751
hiaman 731
moLse 721
S, masoni 751

EHEEFDLD“
EHEEFDLD“

OMC | HMELIGA
OMC | HMELIGA

TYLGE I IF.H |
TLGE VRN

www.bio.davidson.edu/Biology



High-Resolution Solution of a Potassium Channel




High-Resolution Solution of a Potassium Channel

www.pdb.org



Biologists base their theories about
what something does upon what
other biologists think some other
things that look similar do.



Cyanobacteria

yeost

A. thaliano
hman

MOLSE

S. masoni

yeast

A. thaliana
humarn

moLse

. masoni

yenst

A. thaliana
human

MoLSE

5. masoni

http://mwww.anselm.edu/homepage/jpitocch/genbios/27-11x1-Cyanobacteria.jpg
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The Fiction of Function



Gene Ontology

meolecular_function

transporter

ligand binding or carrier

carrier nucleotide binding

purine nucleotide binding

primary active transporter adenyl nuclectide binding

P-P-bond-hydrolysis-driven

3. : /

hydrolase, acting on acid
anhydrides, in

transporter ATP binding phosphorus-containing
anhydrides
hydrolase, acting on acid
ATPase anhydrides, catalysing

transmembrane movement of
substances

hydrogen-/sodium-translocating
ATPase

N

enzyme

hydrolase

hydrolase, acting on aci
anhydrides

hydrolase, acting on acid

P-P-bond-hydrolysis-driven

transporter ATP binding

\

anhydrides, in

phosphorus-containing

anhydrides

hydrogen-transporting
two-sector ATPase

hydrogen-translocating F-type
ATPase

From GenNav, the NIH Gene Ontology Browser



View Application

pH Gradient

pH gradient driven ion
Transport
phosphorylation

Phosphorylation
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Creating such models requires being able to
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How Lisp Will Save the World

Biological models are complex webs of parts,
processes, dynamics, and operating logics.

The expressions in these models range over both
gualitative and quantitative value spaces.

Creating such models requires being able to
compare and combine submodels.

Each of these Demands Symbolic Computing
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Photosynthesis: The “Turing Test” of
biological knowledge representation

Carbon fix
r‘naau::t’j-.:-rnamE @

ADP+P

NADF*

PSII Cytby  PSI ATP synthase

PhotoSynthesis (light reactions)

http://www.bio.ic.ac.uk/research/barber/photosystemll.html



Where Prochlorococcus Go; The BioSphere Follows!

Chlorophyll loading (NASA)
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