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“Traffic Swarms” — Discovery Channel (2006)
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E. coli and Lactose
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Turning the Lac Operon Off

LacI Pi P O LacZ LacY LacA

RNA
Polymerase

+ 
Ribosomes

mRNA

I

No mRNA and no proteins

I

Repressor binds
to operator
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Turning the Lac Operon On
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Transcription and Translation

RNA polymerases
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Repressors block RNA polymerase from LacZ transcription. Lactose is introduced into the system.

Most lactose split into glucose and galactose.Lactose binds to repressors. Rep-lac complexes are formed.
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Lactose 
Operon 
in the 
CAVE
Sun Centre of
Exce!ence for

Visual Genomics

Fac. of Medicine
Univ. of Calgary

Director:
Dr. Christoph Sensen
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Lac Operon 
Simulation: 

Analysis
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Lactose Operon 3D
case state of
  FLOATING:
! ! if near DNA:
! ! ! attach to nearest DNA codon
! ! ! state = DOCKED
! ! else:
! ! ! move randomly within cell

! DOCKED:
! ! if promoter region is reached:
! ! ! state = READY_TO_TRANSCRIBE
! ! else:
! ! ! move along DNA to next codon

! READY_TO_TRANSCRIBE:
! ! create an empty mRNA molecule
! ! state = TRANSCRIBING

! TRANSCRIBING:
! ! if stop codon is reached:
! ! ! release constructed mRNA
! ! ! state = DETACHED
! ! else if blocked by repressor:
! ! ! destroy partial mRNA
! ! ! state = DETACHED
! ! else:
! ! ! move to next codon
! ! ! append codon mRNA

! DETACHED:
! ! detach self from DNA
! ! move randomly
! ! state = FLOATING
end case!
! !

Circular DNA with RNA polymerases
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Interactive Virtual E. coli
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Interactive Virtual E. coli
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Human Lymphatic System
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Lymph Node
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Towards a Hierarchical 
Immune System Model

IS 2005
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Immune System 
2005
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Viral Infection
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B-Cells to produce corresponding Plasma B-Cells Humoral Immunity

Cell-Mediated Immunity
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Bacterial Infection
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IS 2005: Bacterial Infection (2)
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Interior of a blood vessel during a bacterial infection:
Red blood cells and neutrophils move through the blood vessel.

Some neutrophils are rolling along the inside surface. Endothelial cells at different stages of stimulation.
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IS BioAgents 

Tissue cell Virus Virus (op) Virus (ntr)

AntibodyAPC MacMacrophage

Helper T Killer T Plasma B B Cell
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IS BioAgents 
(innate)

Blood vessel Red blood cells Neutrophils Rolling NΦ

BacteriumLPS
lipopolysaccharide

TNF
tumor necrosis factor

Endothelial cells Selectin prod. ICAM prod.
intercell. adhesion mol.

Selectin & ICAM

TNF: secreted by MP & Th; LPS: shed by Gram-negative bacteria from outer cell wall
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Immune System 3D: Animation
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Immune System Model 2010
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Distributed Immune System Model 2011
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Visualization Integration

The Bioinformatics Teaching and Computer Lab in the O’Brien Centre for the Bachelor of Health Sciences
Faculty of Medicine, University of Calgary

CAVE Immersive Environment at the Sun Centre of Excellence
for Visual Genomics, Faculty of Medicine
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Bio-Agents: The Swarming Body

Human red and white blood cells

Human red blood cells (red), 

activated platelets (purple) and 

white blood cells - monocyte

(green) and T lymphocyte (orange).

Colorized-SEM (scanning electron 

micrograph)

Magnification:-1200x--(Based on an 
image size of 1 inch in the narrow 
dimension)

©Dennis Kunkel Microscopy, Inc., www.DennisKunkel.com

Human red and white blood cells

Human red blood cells (red), 

activated platelets (purple) and 

white blood cells - monocyte

(green) and T lymphocyte (orange).

Colorized-SEM (scanning electron 

micrograph)

Magnification:-1200x--(Based on an 
image size of 1 inch in the narrow 
dimension)

©Dennis Kunkel Microscopy, Inc., www.DennisKunkel.com
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- White blood cells:
   - monocyte (green)
   - T lymphocyte (orange)
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micrograph)

Maginification: 1200x
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Blood Clotting: Information Flow
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Behavior of Collagen: 
 

 

Figure 9 - Collagen and Platelets 

 

The above picture shows platelets stuck to the pink collagen spheres.  The platelets 

become activated once they come in contact with collagen at the trauma site. The 

trauma site also secretes tissue factor that is used to help form the clot. 

Fibrinogen      

Graphical Representation: 

 

 

Fibrin 

Fibrinogen 

Figure 10 - Fibrinogen 

 

Note: Fibrinogen is shown as the blue chains above.  (The green chains are Fibrin, 

or activated Fibrinogen).   

  

Description: Large Protein                        

This protein eventually becomes Fibrin (see description below).  It is formed from a 

globulin of blood plasma by the action of thrombin and produces blood coagulation.     

 
 

Fibrin                                                            

 

Graphical Representation: 

 

 

Figure 11 - Fibrin 

 

Note: The Fibrin molecules are shown as green chains above.  (The blue chains are 

Fibrinogen or non-activated Fibrin). 

 

Description: Protein                

This protein sticks to itself as well as the hole in vessel wall creating a mesh net.   

It is derived from fibrinogen (see description above).   

 

 

 Behavior of Fibrin: 
  

 

Trapped Cell 

Figure 12 - Fibrin and Red Blood Cell 

 

The sticky fibrin net catches many particles from flowing out of the trauma site.  The 

above picture shows fibrin trapping a red blood cell, shown as a large red sphere 

above.  Together with platelets, they constitute a clot.   

 

 

ADP (adenosine diphosphate) 

Description: Chemical        
                  
ADP essentially makes platelets stickier, and aids in the formation of a platelet plug.   

This molecule, along with inorganic phosphate, makes ATP (adenosine 

triphosphate).  

 

This recruitment chemical is secreted from activated platelets.  Any platelets that are 

close enough to the release of the chemical become sticky and adhere to the platelets 

already stuck to the collagen, thereby aiding in the formation of a platelet plug.   

Prostacyclin        

 Description: Chemical                         

 

Figure 5 - Activated Platelet and Collagen 

 
Here we can see a number of platelets in their activated state. The platelets shown on 

the right have been activated by collagen and have adhered to it. Recruitment 

chemicals have activated the platelets on the left, so they are floating freely in the 

blood stream. Should any of those activated, free-floating platelets come in contact 

with another activated platelet, they will adhere to it.  

 

 

Figure 6 - Platelet Layering 

 

The above picture shows an activated platelet adhering to another activated platelet 

at the trauma site.  This is the beginning of the layering process of platelets that 

contributes in the clotting process.  

 

 

Figure 7 - Platelet Plug 

  

The above picture shows many activated platelets beginning to form a platelet plug.  

This plug is sometimes not enough to completely stop blood loss and may require 

fibrin to help (described below).    

 

 

Collagen    
 

Graphical Representation: 

 

 

Figure 8 - Collagen 

 

Description: Fibrous Material  

When a trauma forms in a vessel wall, it exposes collagen molecules.  

Clot Images  

 

Figure 1 - Trauma Site 

 

 

Trauma 

Blood Clot 

Figure 2 - Blood Clot 

 

 

Clot Images  

 

Figure 1 - Trauma Site 

 

 

Trauma 

Blood Clot 

Figure 2 - Blood Clot 

 

 

Agents1

 

This section outlines the various attributes of the agents in the blood clotting process.  

Images that depict each agent alone within the system are included below.  The actual 

simulation includes all of the agents interacting together – not isolated as shown below.   

Platelets 

 Graphical Representation: 

 

 

Platelet 

Figure 3 - Platelet 

Description: 

 
Platelets eventually form a platelet plug in response to a trauma in the vessel wall.  

They interact with collagen (defined below) and platelet recruitment chemicals, 

and fibrin.   

 

 

 

 

 

 

 

 

                                                 
1 http://www.cardioliving.com/consumer/Circulatory/Clotting.shtm#Glossary 

Platelet Behavior: 

 

 

Activated Platelet 

Chemicals 

Figure 4 - Activated Platelet and Recruitment Chemicals 

 

Platelets are able to change their behavioral state from ‘inactive’ to ‘activated’. 

Depicted above is an image of an activated platelet beside an inactive one. Platelets 

are activated when they encounter collagen or recruitment chemicals. This platelet 

has become activated by contact with a collagen molecule (seen above as a pink 

sphere). Once activated, the platelet adheres to the collagen and begins to secrete 

various chemicals. Some of these chemicals act as recruitment chemicals, activating 

any platelets they come in contact with.  

 

Blood Clotting

Trauma SiteCollagen Platelet Platelets & Recruitment 
Chemicals

Platelet PlugActivated PlateletsActivated PlateletsPlatelets Layering

Fibrins & Fibrinogens Fibrin Network Trapped Red Blood Cell Blood Clot
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Blood Coagulation

Iman Yazdanbod, 2010
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A framework for anatomically embedded 
simulation for medical education

Christian Jacob, Benedikt Hallgrimsson, Bruce Wright

Faculty of Medicine
University of Calgary
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lindsayvirtualhuman.org
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Supporting Technologies

LINDSAY

displays

interfaces

graphics

simulation
networking

remote content delivery

distributed computing

motion capture

3D printers

back-projection 

stereo displays

mobile devices

laser pointers

meta-data

volumetric data

mesh data

middle-ware

GUIs

agent-based models

membrane computing

developmental models

discrete and continuous models
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LINDSAY — Multi-Scale

2009
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LINDSAY Presenter
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LINDSAY Presenter 2011
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Remote Control by Touch

Navigation Atlas Atlas
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Integrating Volumetric Data: Visible Human
http://www.nlm.nih.gov/research/visible/visible_human.html
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Integrating Volumetric Data: Visible Human
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LINDSAY Composer
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LINDSAY Composer
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LINDSAY Client/Server
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LINDSAY Interactive Classroom
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LINDSAY Multi-Scale Example
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Multi-scale Renal System Models
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Circulatory System

Iman Yazdanbod, Summer 2011
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Reflex Arc

Tatiana Karaman, Summer 2011
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iLINDSAY Mobile
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Immune System

λ Switch

Blood Clotting

Complement System

LINDSAY

Lactose Operon

Lactose Op Evolver

Scott Novakowski

Ryan Moniz

Ian Burleigh

G. Tsui, A. Barbasiewicz

Karel Bergmann, Scott Steil
Carey Gingras, Dr. Rolando Feyt

S. Chan, M. Templeton, G. Rowe, R. Degraaf, A. Punj

Vlad Sarpe

Creative Swarms
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Back row: Jeff Wintersinger, Douglas Yuen, Scott Novakowski, Scott Steil, Tatiana Karaman, David Phillips, Isaac Lin, Iman Yazdanbod, Ivan Kryukov, Timothy Davison, Carey Gingras

Front row: Jessica Pow, Abbas Sarraf Shirazi, Afshin Esmaeili, Christian Jacob, Dennis Brown, Ayushi Gupta, Vladimir Sarpe, Heather Jamniczki, Stefan Marcus

Missing on photo: Sebastian von Mammen, Chenzhe Qian, Benedikt Hallgrimsson, Bruce Wright
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lindsayvirtualhuman.org


