
Lecture 01

Quantitative Methods for Biological Systems



Course Instructor

Halil Bayraktar

MBG Department

hbayraktar@itu.edu.tr
Office Hours: Tuesday 13:30-14:30 pm

MOBGAM 308

https://b2lab.wordpress.com/

Course web site

Password : microscopy

mailto:hbayraktar@itu.edu.tr


Course Texts
• Check online resources

• Readings will be assigned

1. Quatitative Bioimaging by Raimund J. Ober

2. Bioimaging: Current concepts in light and electron microscopy by Douglas E. Chandler

3. Physical Biology of the Cell by Rod Phillips 

4. Imaging the future of bioimage analysis, Nature Biotechnology Perspective By Erik Meijering, Anne 

Carpenter, Hanchuan Peng, Fred Hamprecht and Jean-Christophe Olivo Marin

5. Optogenetics: the age of light, Michael Hausser





Exams and grades

Exam Dates and Places: 

To be announced later.

Your grade will be based on the following grading scheme

Plan

midterm 60 %

final 40 %



Needle in a haystack problem in 

biology

How do we solve biological problems? 

What tools do we need?



Microscopy and Computing

Define 
Problem

Experiment Compute Model

We will explore how scientists take images with microscopy 

and create unusual solutions, breakthroughs.

Deterministic 

model



Microscopy is an important tool to 

study biology.



High resolution microscopy

1. Photoactivated localization microscopy (PALM), 

2. Stochastic optical reconstruction microscopy (STORM)

Invented by Xiaowei Zhuang, Chemistry , Harvard University

Invented by Eric Betzig, Chemistry , Jenalia farm
with a brief laser pulse at 405 nm and then imaged at 561 

nm until most are bleached. This process is repeated many 

times until the population of inactivated, unbleached 

molecules is depleted. 

achieved 20- to 50-nm resolution in the far field and 

promise to preserve the inherent noninvasive imaging 

capability of optical microscopy.



Motivation
-Biological research depends on preparation of various gene 
products, and their expression in cells and tissues. 

neurons

pancreatic islet beta cells

cardiomyocytes, kidney cells

E. coli, yeast

C-elegans, fruit fly's, mouse etc. 

- We’d like to understand how protein activities are coupled to 
cellular function in cancer and brain disease.

- We can measure protein activity using various fluorescence 
imaging, molecular biology techniques etc. These methods provide 
a quantitative information about gene expression.

- The ability to optically monitor changes in protein expression 
levels, oxidative stress, genetic changes with a genetically 
encoded sensor is incredibly awesome!



Biophysics : Quantitative tools

DNA

Protein

RNA

Study of cell biology in the context of mathematics and physics. 

We seek a quantitative description of biological processes 

and phenomena. A description founded on fundamental 

physical laws.

Gene Expression is a Single Molecule Problem!

Copy numbers of key molecules per cell:

DNA mRNA Protein

A few1  or 2 1- 104

2 1- 103 1 - 106

Bacterial cell 

Eukaryotic cell

DNA mRNA Protein 

Transcription Translation

RNA 

polymerase
Ribosome

The Central Dogma of molecular biology:

Nelson p38

Length Scales in Biology

EM picture 

of E. coli



1. CANCER

• It is the disease in which the cells acquire new capabilities

• It is the second leading cause of death in the Turkey. Half of men 

and one third of women in Turkey will develop cancer during their 

lifetimes.

• Skin, lung, colon and prostate cancers are the most common types.



Dynamics Information Static data 

Next 20 yearsPast 50 years

Normal cells

Cancer cells



Microscopy to Identify chromosome 

translocation

Human geneticist and first scientist to identify a chromosomal 

translocation as the cause of leukemia (CML) and other cancers. 

a fragment of a chromosome 

moved ("trans-located") from 
one chromosome to another 

t(9;22) “Philadelphia chromosome” !

Discovery of chromosomal translocations 

a fragment of a chromosome 

moved ("trans-located") from 

one chromosome to another



2. Brain is a challenging problem

• Highly complex structure within a small volume

• Neurons regulates certain functions inside the brains

• These neurons are connected with junctions through 

axon dendrite links/

Livet, Litchman et. al., Nature, 450 56 2007



Two major problems to reveal secrets of 

our brain

1. Developing new tools to study brain signaling

1. Developing new microscopy techniques and tools to image 

electrical signalling

?

?



Disruptive Technology in Neuroscience: 
Optogenetics

Dr. Karl Deisseroth Lab - Stanford

“Optogenetics is the combination of genetic and optical methods to control and 

to monitor specific events in targeted cells of living tissue.”

Adamantidis, Deisseroth et. al, Nature, 450, 420, 2007



Light controlled cell morphology 

and motility

http://www.nature.com/nature/jo

urnal/v461/n7260/extref/nature0

8241-s7.mov

http://www.nature.com/nature/journal/v461/n7260/extref/nature08241-s7.mov


Building up cells from its parts
e-, p+, N, hn

H
elements

molecules

vibrations

making and 

breaking bonds 



MergeGPR

E coli has a machinery inside to produce 4x106 proteins 

in less than 40-50 minutes 

2 umHow you model the shape of the 

e.coli?





Lecture 1 Slides

Spring 2011

ES122/222: Cellular Engineering

Cellular Size Scales
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Eukaryotic CellAn Mammalian Cell



A Bacterial Cell
Inside of a cell is a crowded place.



Lecture 2 Slides

Spring 2011

ES122/222: Cellular Engineering

Lipid Membranes



Photons has a momentum : Laser 

Tweezer technology 

Laser Tweezers Tetris

Laser Tweezers

Steven Chu

Nobel Prize 

1997

Current 

secretary of 

energy

Forces in the order of 

Piconewtons

http://www.youtube.com/watch?v=jCdnBmQZ6_s


See you  next time! 


