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Carlos 
Bustamante 

University 
of 

California, 
Berkeley, 

United 
States 

"Methods 
and 

Novel 
Results 

on 
Single 

Molecule 
Manipulation" 

This 
6-hour 

course 
will 

review 
first 

the 
most 

important 
methods 

of 
single 

molecule 
manipulation, 

their 
physical 

principles, 
capabilities 

and 
limitations. 

Emphasis 
will 

be 
placed 

on 
the 

conceptual 
foundations 

of 
these 

methods 
and 

the 
use 

of 
important 

results 
from 

statistical 
mechanics 

to 
interpret 

and 
analyze 

the 
data. 

I will 
then 

illustrate 
the 

application of 
these 

techniques 
with 

the 
review of articles 

in 
various 

areas 
of 

biochemical 
research. 

1 will 
provide 

the 
students 

with 
a 

recent 
list 

of 
the 

most 
important 

applications 
of 

these 
methods 

in 
biochemistry 

, biophysics 
and 

non-equilibriun 
statistical 

mechanics 
recently 

appeared 
in 

the 
literature. 

E
d
u
a
r
d
o
 
M
a
c
a
g
n
o
 

University of 
Califonia, 

San 
Diego 

,United 
States. 

"Aspects 
of 

Neuronal 
Development” 

This 
6-hour 

course 
will 

be 
divided 

in 
three 

two-hour 
sessions 

covering 
the 

following 
topics: 

a. 
Differentiation 

of 
Neuronal 

Stem 
Cells 

In 
this 

session 
we 

will 
consider 

current 
ideas 

on 
how 

stem 
cells 

select 
particular 

fates 
and 

the 
role 

of 
endogenous 

and 
exogenous 

factors 
in 

this 
critical 

process. 
We 

will 
also 

discuss 
current 

work 
on 

transplantation 
of 

stem 
cells 

into 
adult 

nervous 
systems 

and 
their 

capacity 
to 

integrate 
into 

pre-existing 
structures 

and 
achieving 

normal 
function. 

b. 
Mechanisms 

of 
Outgrowth 

and 
Pathway 

Selection 
In 

this 
session 

we 
will 

discuss 
molecular 

mechanisms 
that 

underlie 
decisions 

at 
the 

growth 
cone 

that 
determine 

the 
path 

taken 
by 

extending 
neural 

dendrites 
and 

axons 
from 

the 
soma 

to 
the 

target 
region. 

In 
particular, 

we 
will 

explore 
the 

evidence 
for 

specific 
substrate 

cues 
and 

for 
the 

presence 
of 

molecular 
gradients. 

c. 
Tiling 

of 
Sensory 

Fields 
In 

this 
session 

we 
will 

consider 
the 

mechanisms 
that 

lead 
to 

the 
formation of sensory 

fields 
that 

provide 
topographic 

as 
well 

as 
modality 

specific 
information 

to 
the 

central 
nervous 

system. 
In 

particular, 
we 

will 
discuss 

interactions 
between 

homologous 
neurons 

define 
territories 

for 
sensory 

arborizations 
of 

individual 
neurons. 

    

Gustavo 
Stolovitzky 

I
B
M
 

TJ 
W
a
t
s
o
n
 
Research 

Center, 
United 

States. 

"Systems 
biology: 

from 
data 

mining, 
through 

network 
inference 

to 
pathway 

modeling" 

The 
nascent 

field 
of 

systems 
biology 

shares 
with 

the 
more 

traditional 
field 

of 
physiology 

the 

aim 
of 

understanding 
how 

biological 
systems 

work. 
However, 

it differentiates 
from 

more 

traditional 
physiology 

on 
two 

counts: 
its 

quantitative 
thrust 

and 
the 

availability 
of 

high 

throughput 
data 

of unprecedented 
amount 

and 
quality. 

This 
six-hour 

course 
will 

introduce 
the 

main 
thrusts of today's 

research 
in 

systems 
biology. 

The 
course 

will 
emphasize 

the 
role 

that 

physicists 
can 

play 
in 

this 
active 

field 
of research. 

It will 
be 

divided 
in 

three 
units 

as 
follows 

(see 
figure). 

1)Data 
mining 

(2 
hours): 

We 
will 

first 
discuss 

a 
few 

of the 
many 

novel 
technologies 

that 
allow 

researchers 
to 

probe 
the 

state of 
a 

cell 
at 

the 
transcript, 

protein 
and 

metabolic 
level. 

We 
will 

then 
concentrate 

on 
transcription 

data, 
and 

discuss 
s
o
m
e
 of t

h
e
 

noise 
associated 

with 
this 

technologies 
[1,2] 

and 
review 

the 
more 

traditional 
methods 

to 
infer 

genes 
that 

are 
associated 

with 
a 

particular 
type of disease 

or 
cellular 

state 
(3]. 

2)Network 
Inference 

(2 
hours): 

One 
of 

the 
present 

challenges 
in 

biological 
research 

is 
the 

organization 
of the 

data 
originating 

from 
high-throughput 

technologies 
such 

as 
transcriptional 

profiling. 
One 

way 
in 

which 
this 

information 
can 

be 
organized 

is 
in 

the 
form 

of 
networks 

of 

influences, 
physical 

or 
statistical, 

between 
genes. 

These 
interactions 

provide 
a 

high 
level 

overview 
of 

how 
genes 

work 
together 

to 
achieve 

a specific 
function 

within 
the 

cellular 

environment. 
I will 

present 
some 

strategies 
and 

methods 
for 

the 
reconstruction 

of gene 

regulatory 
networks 

from 
gene 

expression 
data, 

and 
analyze 

the 
source 

of possible 

reconstruction 
errors 

due 
to 

noise, 
non-linearity, 

multiple 
inputs 

to 
the 

target 
nodes, 

etc. 
I will 

exemplify 
these 

approaches 
in 

the 
context 

of 
the 

gene 
regulatory 

network, 
E. 

coli 
network 

[4] 

and 
human 

B-cells 
[5]. 

We 
will 

also 
discuss 

how 
to 

mine 
these 

networks 
using 

graph 
theoretic 

methods 
to 

extract 
valuable 

biological 
information 

in 
the 

context 
o
f
 a 

recently 
studied 

cell 

signaling 
network 

of 
hippocampal 

neurons 
[6]. 

3)Pathway 
modeling 

(2 
hours). 

Global 
network 

reconstruction 
is 

only a 
step 

to 
the 

creation 
of 

predictive 
models 

with 
mechanistic 

detail 
which 

is 
ultimately 

the 
goal 

of 
systems 

biology 
[7]. 

We 
are 

only 
beginning 

to 
have 

enough 
data 

to 
construct 

rather 
rudimentary 

models 
and 

simulations 
o
f
 a 

handful 
of 

cellular 
processes. 

Typically, 
present 

models 
are 

parsimonious 

descriptions 
containing 

mainly 
key 

players 
with 

speculative 
features 

to 
fill 

in 
gaps 

in 
the 

current 
knowledge. 

We 
will 

exemplify 
the 

present 
state 

of 
mechanistic 

modeling 
of 

important 

pathways 
in 

the 
context 

of 
then 

N
F
?
B
 
pathway 

[8] 
and 

the 
p53 

pathway 
[9]. 

  

References: 

1. 
Tu 

Y, 
Stolovitzky 

G, 
Klein 

U 
(2002) 

Quantitative 
noise 

analysis 
for 

gene 
expression 

microarray 
experiments. 

Proc 
Natl 

Acad 
Sci 

US 
A 

99: 
14031-14036.   
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Prof. 
Enrico 

Gratton, 
Laboratory 

for 
Fluorescence 

Dynamics, 
University 

of 
Illinois 

at 
Urbana-Champaign, 

Urbana-Champaign, 
Urbana, 

U.S.A. 
(confirmed) 

Dr. 
Gratton 

is 
the 

Principal 
Investigator 

and 
Co-director, 

Laboratory 
for 

Fluorescence 
D
y
n
a
m
i
c
s
 

at 
U
I
U
C
 

(soon 
to 

be 
m
o
v
e
d
 

to 
U
I
C
 

Irvine, 
CA). 

Dr. 
Gratton's 

research 
interests 

are 
varied 

and 
many; 

they 
include 

design 
of 

new 
fluorescence 

instruments 
and 

techniques 
(particularly 

correlation 
methods), 

protein 
dynamics, 

hydration 
of 

proteins, 
and 

[.R. 
spectroscopy 

of 
biological 

substances. 
During 

the 
course 

he 
will 

cover 
new 

instrumentation 
and 

applications 
related 

to 
tracking 

molecules 
in 

living 
cells. 

Dr. 
T
h
o
m
a
s
 
Jovin, 

Department 
of 

Molecular 
Biology, 

Max-Planck-Institute 
for 

Biophysical 
Chemistry, 

Gttingen, 
Germany 

(confirmed). 

Dr. 
Jovin 

is 
the 

Department 
Head, 

Molecular 
Biology 

Dept., 
MPIbpc, 

Honorary 
Professor 

at University 
of Buenos 

Aires 
and 

a member 
of EMBO. 

He 
is actively 

involved 
in 

the 
development 

and 
application 

of 
novel 

microscopes 
for 

cellular 
and 

molecular 
studies, 

particularly 
related 

to 
signal 

transduction. 
During 

the 
course 

he 
will 

cover 
principles 

and 
novel 

developments 
for 

F
R
E
T
 

in 
vivo 

microscopy. 

Prof. 
Vinod 

Subramaniam, 
Ñ 

Biophysical 
Engineering, 

University 
of Twente, 

The 
Netherlands 

(confirmed). 

Dr. 
Subramaniam 

is 
Professor 

of 
Biophysical 

Engineering 
and 

an 
expert 

in 
ensemble 

and 
single 

molecule 
spectroscopy. 

He 
will 

present 
single 

molecule 
detection 

and 
spectroscopy: 

principles, 
equipment 

and 
applications 

in 
living 

cells. 
Prof. 

lan 
Parker, 

Department 
of Neurobiology 

and 
Behavior, 

University 
of 

California, 
Irvine 

(confirmed). 
] 

The 
research 

interests 
of 

lan 
Parkers 

lie 
in 

the 
area 

of 
cell 

signaling, 
including 

the 
mechanisms 

of 
neurotransmitter 

release, 
the 

interaction 
of 

neurotransmitters 
with 

their 
receptors, 

and 
the 

role 
of 

intracellular 
messengets 

in 
linking 

receptor 
binding 

to 
the 

final 
cellular 

response. 
In 

this 
workshop, 

Prof. 
Parker 

will 
talk 

about 
his 

recent 
developments 

on 
visualizing 

immune 
system 

cells. 
Recent 

advances 
in 

multi-photon 
imaging 

now 
enable 

the 
visualization 

of 
real-time 

movements 
and 

interactions 
of 

lymphocytes 
and 

other 
immune 

system 
cells 

within 
their 

native 
3-dimensional 

environment 
in 

intact 
Iymphoid 

organs. 
In 

this 
talk, 

he 
will 

describe 
their 

work 
imaging 

the 
interactions 

between T 
cells 

and 
antigen-presenting 

dendritic 
cells 

that 
lead 

to 
initiation of 

the 
immune 

response, 
and 

discuss 
issues 

related 
to 

the 
processing 

and 
analysis of 

these 
large 

multidimensional 
data 

sets. 
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