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Chapter I: 
 
Abstract: 
 
 

Protein phosphorylat ion is the most important reversible post- translat ional 

modif icat ion that regulates eukaryot ic cel ls.  Analysis of  phosphorylated 

proteins and ident i f icat ion of  the phosphorylat ion si tes helps to understand 

their  biological  funct ions. Two-dimensional gel  electrophoresis is a powerful  

method for the analysis of complex protein mixtures extracted from cel ls,  

t issues, or other biological  samples.  This technique separates proteins 

according to their  isoelectr ic points (f i rst  dimension) and then based on their 

molecular weights (second dimension).  A crucial  step in the analysis of  two-

dimensional protein gels is to match protein spots in di f ferent gel  images 

that correspond to the same locat ion. I t  requires extensive and t ime-

consuming manual interference.  

The goal of  the project is to develop 2D Protein gel analysis tool for 

studying protein phosphorylat ion changes associated with the contract ion 

and relaxat ion of  vascular smooth muscle using two dimensional gel  

electrophoresis.   

Systematic study is carr ied out which involved treatment of  t issue with 

drugs, protein quant i f icat ion, protein separat ion and staining with spyro ruby 

stain and phospho protein stain. 2D protein gel analysis tool  is used for  

count ing the number of proteins on the gel,  displaying the locat ion and 

intensity of  the proteins and matching the control  image with treated image 

for s imi lar proteins based on locat ion.  

Results of  two-dimensional gel  electrophoresis when analyzed with 2D 

Protein gel analysis tool  showed signi f icant decrease in the number of 

phosphorylated proteins when compared to total  number of proteins during 

contract ion and relaxat ion of vascular smooth muscle.  

 

 

 
Key words:  Proteins, Phosphorylat ion, vascular smooth muscle, Spyro ruby 
stain,  Phospho protein stain, Eucl idean distance, Two dimensional gel  
electrophoresis and 2D Protein Gel Analysis Tool.  
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Internship details and requirements: 
 

During the summer 2005, I  have spent ten weeks as an intern with the 

Department of Bioengineering at Arizona State Universi ty.  The courses I 

have done in Computat ional Bioscience Master’s program at Arizona State 

Universi ty have given me a strong foundat ion in Biology, Mathematics, 

Computers and Technology. There is strong correlat ion between the 

experience I  gained from internship and the classroom knowledge I  obtained 

from Computat ional Biosciences Program. 

 
The aim of the the project is to perform comprehensive proteomics and 

bioinformatics studies.I t  helped me gain educat ion on methods and 

techniques in proteomics and di f ferent algor i thms to analyze and interpret 

proteomic data.Having an internship l ike this not only helped me 

academical ly,  but also professional ly.  Not only did I  get internship credit ,  

which helped me graduate, but I  am now able to perform proteomics wet lab 

experiments and develop tools and appl icat ions for analyzing biological 

data. 

 

Below are few reasons why a semester long internship in department of 

bioengineering at Ar izona State Universi ty has proved to be very exci t ing for 

me 

 I  learnt to implement and integrate Bioinformatics with Proteomics. 

Everyone at Dr.Padmini ’s lab was very welcoming and always wi l l ing 

to help.  I  fel t  that  they real ly cared and worked hard to make the 

experience valuable for me. I t  is fun to work with people who are 

knowledgeable and approachable. 

 They clearly valued my part ic ipat ion and input.  They also expressed 

appreciat ion wel l  and often 

 They paid me. Although i t  was a smal l  amount,  i t  was a f ine gesture 

that indicated they considered me valuable 
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Requirements: 

 

Proteomics wet- lab hands-on experience  

Bioinformatics programming ski l ls in Matlab. 

 
Project is div ided into two phases: 

 
Phase I :  Two Dimensional Gel Electrophoresis 

Phase II :  2D Protein Gel Analysis Tool  

 

Phase 1 deals with the Proteomics wet lab work in performing Two 

Dimensional Gel Electrophoresis and phase I I  is about development of 2D 

Protein Gel Analysis Tool for analyzing the results obtained from phase I .  
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Goals:  
 
 

 To study protein phosphorylat ion changes assocated with the 

contract ion and relaxat ion of vascular smooth muscle using two 

dimensional gel  electrophoresis.  

 

 To study total  proteins expressed during contract ion and relaxat ion of 

vascular smooth muscle using spyro ruby stain 

 

 To study phosphorylated proteins expressed during contract ion and 

relaxat ion of vascular smooth muscle using phospho protein stain.  

 
 To develop a 2D Protein Gel Analysis Tool to obtain the total  count of 

proteins along with the locat ion and intensi ty of  proteins. 

 

 To compare two protein gels by locat ion of proteins using 2D protein 

analysis tool .   

 

 
Significance of project: 
 
The project ’s s igni f icance comes from i ts wi l l ingness to understand benef i ts 

of bioinformatics on proteomics. 

 

Protein phosphorylat ion is the most important reversible post- translat ional 

modif icat ion.Analysis of phosphorylated proteins and ident i f icat ion of the 

phosphorylat ion si tes helps to understand their biological  funct ions. 

 

Comparing total  number of proteins expressed to the number of 

phosphorylated proteins during contract ion and relaxat ion of vascular 

smooth muscle wi l l  help us to understand proteins phosphorylat ion changes. 
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A crucial  step in proteomics is image analysis where the protein spot 

patterns in di f ferent images are to be matched. Manual analysis of  protein 

spots on gel is t ime consuming, and sophist icated image analysis 

appl icat ions are essent ial  to extract meaningful  data.Relat ive posi t ions of 

proteins on two di f ferent gels are to be compared, whi le new spots which 

are not present in the reference gel are to be detected and i f  appropriate 

ident i f ied.  The need for developing 2D protein gel analysis tool  has assumed 

part icular prominence in the analysis of images of electrophoret ic gels.   
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Chapter I I :  
 
Phase I:  Two Dimensional gel Electrophoresis 
 
Introduction: 
 
Proteome: 
 
The term 'proteome' was f i rst  coined in late 1994 by Marc Wilk ins at Siena 

two-dimensional gel  electrophoresis meet ing ‘PROTEins expressed by the 

genOME’ is cal led  ‘Proteome’,  which explains complete set of  proteins that 

ul t imately results f rom genome transcr ipt ion in a given cel l ,  t issue or 

organism. Proteome is the complement of proteins expressed by a genome 

at a part icular point in t ime.  

 

A cel lular proteome is the col lect ion of  proteins found in a part icular cel l  

type under a part icular set of  environmental  condit ions such as exposure to 

hormone st imulat ion. The complete proteome for an organism can be 

conceptual ized as the complete set of  proteins from various cel lular 

proteomes [2] .  

 

The concept of  the proteome is fundamental ly di f ferent to that of  the 

genome: whi le the genome is stat ic and wel l-def ined for an organism, the 

proteome cont inual ly changes in response to external and internal events 

[4].  

 

The human proteome is much more compl icated than the bacter ial  proteome, 

because of many modif icat ions to proteins in higher organisms. The 

proteome of a rest ing cel l  is substant ial ly di f ferent f rom that of  an act ivated 

cel l .  The proteome of a cel l  changes based on what the cel ls need. For 

example,  rest ing cel ls may only produce the proteins necessary to keep 

them al ive.  But,  i f  the body cal ls proteins to perform a funct ion, such as 

producing ant ibodies, then the cel l  generates new proteins to accompl ish 

this funct ion.  
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Complexity of Proteome: 
 
Complexity of the human proteome is far beyond 30,000 human genes. The 

Complexi ty of the proteome ar ises because most proteins seem to be 

processed and modif ied in complex ways. 

 

The proteome is much more compl icated than the genome because 

•  Genome contains roughly 40,000 genes. One gene can give r ise to 

many di f ferent proteins. Unt i l  now, some 30 to 50% of human proteins 

are of  unknown funct ion. 

•  Polypept ide folding into shape of three-dimensional structure.  

•  Post-t ranslat ional modif icat ion. 

•  Behavior in di f ferent environment.  

•  The thousands of component proteins of a cel l  and their  post 

t ranslat ional modif icat ions may change with the cel l  cycle, 

environmental  condit ions, developmental  stage, and metabol ic state 

[6].  

 

 

Proteomics 
 

The importance of  proteomics is rapidly growing across essential ly al l  areas 

of biological  research.Proteomics is the next step from genomics. Al though 

a complete map of the genome information enclosed within DNA is avai lable 

this doesnot explain the complexi ty involved in creat ing a person. This 

complexi ty ar ises not because of the nucleic acids, but because of the 

proteins, and the interact ions between proteins [8] .  

Essent ial ly,  there is certain information that a genome sequence can 

provide. This includes protein amino acid sequences and l ikely ini t iat ion and 

terminat ion codons. mRNA expression research  can provide some 

informat ion about the protein expression levels and t issue distr ibut ions. 
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However,  to obtain further information about a protein including subcel lular 

locat ion, turnover rate, post- translat ional modif icat ion, covalent and 

noncovalent associat ions, and how al l  th is is affected by dif ferent external 

and internal condit ions i t  is necessary to study the proteins themselves [4] .  

 

Proteomics is a leading edge technology that enables mass screening of 

proteins and their  post- translat ional modif icat ions. Proteomics research 

aims at  character iz ing the hundreds or thousands of proteins expressed by 

organisms in the context of  whole organisms, specif ic t issues or normal vs. 

diseased states.  

 

Proteome analysis is the direct measurement of  proteins in terms of  their  

presence and relat ive abundance. The overal l  aim of proteomics is the 

character izat ion of  the complete network of cel l  regulat ion. Analysis is 

required to determine which proteins have been condit ional ly expressed, by 

how much, and what posttranslat ional modif icat ions have occurred [8] .  

Proteomics can also be def ined as the systematic large-scale analysis of 

protein expression under normal and perturbed (stressed, diseased, and/or 

drugged) states, and general ly involves the separat ion, ident i f icat ion, and 

character izat ion of al l  of  the proteins in a cel l  or t issue sample 

 

 

Protein Phosphorylation: 

Regulat ion of protein act ivi ty is very important in cel ls.  Regulat ion is carr ied 

out through post t ranslat ional modif icat ions. Post- translat ional 

phosphorylat ion is one of the most common protein modif icat ions that occurs 

in animal cel ls.  Proteins undergo a huge number of post t ranslat ional 

modif icat ions. Only subsets of  post t ranslat ional modif icat ions are reversible 

such as acetylat ion, fat ty acid acylat ion, glycosylat ion and phosphorylat ion 

[9].  These modif icat ions affect the act iv i ty,  l i fe span, or cel lular locat ion of 

the modif ied proteins.  Approximately 10% of the proteins in the cel l  cytosol 

are phosphorylated. Beyond doubt,  protein phosphorylat ion is the most  
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important regulatory event in eukaryot ic cel ls.  Many enzymes and receptors 

are turned on or off  by phosphorylat ion and dephosphorylat ion. 

In other words during phosphorylat ion phosphate is added and during 

dephosphorylat ion phosphate group is removed. The enzymes that 

phosphorylate proteins are termed kinases and those that remove 

phosphates are termed phosphatases. 

Within a protein,  phosphorylat ion can occur on several  amino acids. Serine, 

threonine and tyrosine are the three amino acids subject to phosphorylat ion. 

Phosphorylat ion on ser ine is the most common, fol lowed by threonine. 

Tyrosine phosphorylat ion is the rarest.  The largest groups of k inases are 

those that phosphorylate ei ther ser ines or threonines and as such are 

termed ser ine/threonine kinases [7] .  The rat io of phosphorylat ion of  the 

three di f ferent amino acids is approximately 1000/100/1 for 

ser ine/threonine/tyrosine. Al though the level of  tyrosine phosphorylat ion is 

minor,  the importance of phosphorylat ion of this amino acid is profound.  

The phosphorylat ioon react ion involves ATP as the phosphoryl  donor in the 

phosphorylat ion react ion and hydrolysis of the phosphoryl  group in the 

dephosphorylat ion react ion. The net result  of  these react ions can be viewed 

as the hydrolysis of ATP, which has a G of -12 kcal/mol under cel lular  

condit ions and is therefore, energet ical ly favorable [10].   

 

Phosphorylation  

                     E + ATP ----  E----P + ADP 
 

Dephosphorylation 

  E----P + H2O ----  E + Pi  
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Protein becomes phosphorylated and performs i ts act ion when an act ivat ing 

signal arr ives. Upon the deact ivat ing signal,  the protein becomes 

dephosphorylated and stops working [5] .  The network of  phosphorylat ion can 

be very complex. Often, protein A phosphorylates B, and B phosphorylates 

C, but A also phosphorylates C direct ly,  and B can phosphorylate D, which 

may in turn phosphorylate A [10].   

  
Below are few advantages of phosphorylat ion: 

 

Many carbohydrate, l ip id,  and amino acid metabol ic pathways are 

synchronized by phosphorylat ion 

Phosphorylat ion can modify the conformational equi l ibr ium between di f ferent 

funct ional states.  

Phosphorylat ion and dephosphorylat ion react ions under the control  of  

k inases and phosphatases, can occur in less than a second or over a span 

of hours which makes this system perfect as a regulatory process.  

Phosphorylat ion and dephosphorylat ion react ions can be part  of  a f low of 

react ions which can ampl i fy a signal which has an extracel lular or igin such 

as hormones and growth factors.  

Phosphoryl  group adds two negat ive charges to the protein modify ing and 

disrupt ing the ini t ial  electrostat ic interact ions. This structural  change can 

al ter substrate binding and catalyt ic act iv i ty of  a phosphorylated enzyme.  
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Smooth Muscle: 
 
There are three types of muscle t issue: (1) skeletal  muscle,  (2) smooth 

muscle, and (3) cardiac muscle.  

Smooth muscle cel ls are long (15 mm to 500 mm) and spindle-shaped with 

elongated nuclei .  Smooth muscle is found in the wal ls of many hol low 

organs.  In a smooth muscle cel l  the nucleus is central ly located and that 

smooth muscle is more eosinophi l ic and general ly less refract ive than 

connect ive t issue [12].  Smooth muscle can be found in the urinary bladder,  

uterus, arter ies and veins. Each smooth muscle cel l  contains thick (myosin) 

and thin (act in) f i laments that s l ide against each other to produce 

contract ion of the cel l .  In general ,  Control  of  intracel lular Ca2+ - pr incipal  

mechanism ini t iates contract ion and relaxat ion in smooth muscle. 

Contract ion is associated with increased intracel lular Ca++ concentrat ions 

and relaxat ion is associated with decreased intracel lular Ca++ 

concentrat ions [11].  The mechanism of contract ion and relaxat ion involves 

di f ferent s ignal t ransduct ion pathways, al l  of  which converge to change 

intracel lular calc ium. 

  

Yel low Arrow - Nuclei  of Smooth Muscle Cel l  

Green Arrow - Width of Smooth Muscle Tissue 

Figure 1: Smooth Muscle cel l  

Source 
(http: / /www3.umdnj.edu/histsweb/lab6/smoothmuscle/smcarrangement.html) 
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Goals: 
 

To study protein phosphorylat ion changes assocated with the contract ion 

and relaxat ion of  vascular smooth muscle using two dimensional gel  

electrophoresis.  

 

To study total  proteins expressed during contract ion and relaxat ion of 

vascular smooth muscle using spyro ruby stain 

 

To study phosphorylated proteins expressed during contract ion and 

relaxat ion of vascular smooth muscle using phospho protein stain.  

 
Methods 
 
Tissue acquisition 
 
Fresh bovine heart  t issue was obtained from Farabee Processing in organ 

preserving solut ion and immediately frozen with l iquid N2. 

 

Dissecting the tissue to obtain coronary artery 

  

1 = pulmonary trunk; 2 = anter ior  descending ( interventr icular)  coronary ar tery;  

3 = r ight  coronary ar tery wi th i ts  r ight marginal  branch. 

Figure 2 and Figure 3: Bovine heart  with lef t  and r ight coronary arteries. 
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Source 

(http: / /www.meddean. luc.edu/ lumen/meded/grossanatomy/dissector/ labs/thor

ax/heart /he2_1b.htm) 

 
Procedure for dissecting: 

1. After removing the heart ,  next step was to ident i fy the r ight coronary 

and lef t  coronary arter ies. They ar ise from the aorta distal  to two of 

the cusps of the aort ic valve, the coronary cusps.  
2.  Fat and advent i t ial  t issues are removed and artery r ings containing 

vascular smooth muscle is equi l ibrated in a physiological  buffer 

solut ion.  

 
Treatment with drugs 
 
Four treatment groups are set up. Tissue is ei ther untreated or t reated with 

drugs that induce contract ion and relaxat ion. 

Tissue that is not t reated with drugs is cal led as control .  

 

Treatment 1 :  Contract ion is induced by treat ing the t issue with 1uM 

serotonin for 10 min. 

 

Treatment 2 :  Smooth muscle t issue is treated with 1uM serotonin for 5 min 

fol lowed by 10uM sodium nitro prusside for 5 min to induce relaxat ion. 

 

Treatment 3:  Tissue is treated with 1uM serotonin fol lowed by 100uM 

papaverine for 5 min to induce relaxat ion. 

 

Drug Serotonin 
 

Serotonin was f i rst  recognised as a powerful  vasoconstr ictor in blood 

serum.  I t  was isolated in 1948 by Page and was later found to be 

associated with the central  nervous system.   
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Figure 4: Drug Serotonin 

Source 

(http: / /www.chemsoc.org/exemplarchem/entr ies/2004/br istol_rosl ing/My%20

Webs/ introduct ion.htm) 

  

The chemical  name for serotonin is 5-hydoxytryptamine which is often 

abbreviated to 5-HT [14].5-HT acts as a neurotransmit ter,  al lowing 

numerous funct ions in the human body including the muscle contract ion,  

control  of appet i te, s leep, memory and learning, temperature regulat ion, 

mood, behaviour,  cardiovascular funct ion, endocrine regulat ion and 

depression.  

  

Drug Papaverine 

 
Papaverine is used to improve blood f low.I t  works by relaxing the blood 

vessels so that blood can f low more easi ly to the heart  and through the 

body.  Papaverine   belongs to the group of medicines cal led vasodi lators 

[15].  Vasodi lators cause blood vessels to expand, thereby increasing blood 

f low. This medicine is used to treat problems result ing from poor blood 

circulat ion. 

 

Figure 5: Drug Papaverine 

Source (www.steve.gb.com/alkaloids/papaverine.png) 



 18

 
 
Drug Sodium Nitroprusside 

Sodium ni troprusside acts by relaxat ion of vascular smooth muscle;  i t  di lates 

peripheral  arter ies and veins. I t  is more act ive on veins than on arter ies. 

Sodium nitroprusside breaks down in the blood and releases a chemical cal l  

n i t r ic oxide (NO) [16].  Ni tr ic oxide enters the muscle cel ls in the wal ls of  the 

blood vessels and causes them to relax. When the muscles relax, the blood 

vessels become wider and the blood pressure decreases 

 

Tissue Pulverization: 

After treatment with drugs t issue is frozen in l iquid ni trogen and pulver ized 

using Bessman t issue Pulver izer.  I t  is  a two compartment stainless steel 

mortar with handle and pest le designed for pulver izat ion of  10 to 100mg of 

t issue. 

Below is the procedure for pulver iz ing t issue: 

1.  Liquid ni trogen is col lected in Styrofoam container and mortar and 

pest le are lef t  submerged in the l iquid ni trogen. 

2. Mortar is removed from Styrofoam container with some l iquid ni trogen 

inside mortar.  

3.  Tissue is added into the l iquid ni t rogen after removing excess buffer 

on the t issue. 

4. Tissue in the mortar is gr inded wel l  with pest le 

5. Liquid nitrogen is al lowed to evaporate and whi le i t  is s l ight ly wet 

t issue is removed with the spatula and transfered to the labeled tube. 

6. Tube is lef t  open on dry ice for l iquid ni trogen to evaporate and later 

c losed and labeled. 
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The t issue is solubi l ized in urea, di thiothrei tol ,  CHAPS (UDC) buffer by 

vortexing for 30 min at room temperature. Extracted proteins are separated 

by centr i fuging the extract at  14,000 rpm for 10 min at 4oC using a 

centr i fuge. Supernatent are transferred to a fresh  tube. 

         

Figure 6: White mortar and pest le                  Figure 7: Centr i fuge 

Source (http: / /www.fortune3.com/~comp72161/53438428. jpg and 

www.roche-appl ied-science.com/centr i fuge. jpg) 

Protein Quantif ication: Protein assay 
 
 

Proteins are quant i tated using Bradford protein assay. The Bradford protein 

assay is one of several  s imple methods commonly used to determine the 

total  protein concentrat ion of a sample. The Bradford assay works by the 

act ion of Coomassie br i l l iant  blue dye. The method is based on the 

proport ional binding of the dye Coomassie to proteins and measuring the 

absorbance of the complex in a spectrophotometer and compared to known 

amount of  standard proteins. 

 

 

Coomassie Bri l l iant Blue dye :  

 
A dye known as Coomassie Bri l l iant Blue was developed by the text i le 

industry.   This dye was known to bind to proteins and forms a wide variety of  

strong, but non-covalent,  interact ions including hydrogen bonding donor and 

acceptor interact ions as wel l  as hydrophobic (non-polar) interact ions. 
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Figure 8: Coomassie Bri l l iant Blue dye 

Source (http: / /wine1.sb.fsu.edu/BCH4053l/Lecture03/Lecture03.htm) 

 

The method is simple single step in which the dye is added to the protein 

solut ion under acidic condit ions, and then the absorbance is read at 595nm 

[16].    Fol lowing is the procedure: 
 

1. A standard curve using the standard BSA solut ion (1 mg/ml) for the 

range of  0-50 μg is constructed.   

2.  Protein samples are made up to 250 μ l  wi th dd.H2O in 1.5 ml 

eppendorf  microcentr i fuge tubes  

3. 750 μ l  of  Bradford reagent is then added. The tubes are sealed and 

gent ly vortexed to ensure even mixing of  the dye reagent  

4.  The react ion is al lowed to cont inue for 10 minutes before absorbances 

are read at  595 nm wavelength using spectrophotometer.  

 

 

 

 

 

 

 
 

Figure 9: Spectrophotometer 

Source(www.beckman.com/duseries500_inst_dcr.asp) 
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Standard BSA solution  
 Vol/ Standard Vol H2O Vol Assay mix 

0 0ul 250 ul 750 

0’  0ul 250 ul 750 
2 10ul 240 ul 750 
2’  10ul 240 ul 750 
4 20ul 230 ul 750 
4’  20ul 230 ul 750 
6 30ul 220 ul 750 
6’  30ul 220 ul 750 
8 40ul 210 ul 750 
8’  40ul 210 ul 750 
10 50ul 200 ul 750 
10’ 50ul 200 ul 750 

Protein samples 

Protein Vol of Protein Vol H2O Vol Assay Mix 

Control 1 1ul 249 750 

Control 2 1ul 249 750 

5HT 1 1ul 249 750 

5HT 2 1ul 249 750 

5HT + SNP 1 1ul 249 750 

5HT + SNP 2 1ul 249 750 

5HT + Papa 1 1ul 249 750 

5HT + Papa 2 1ul 249 750 
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Results of protein quantif ication: 

ID Ug Net A 

Blank   

1 0 0.450 

2 0’  0.436 

3 2 0.573 

4 2’  0.572 

5 4 0.673 

6 4’  0.675 

7 6 0.745 

8 6’  0.760 

9 8 0.828 

10 8’  0.828 

11 10 0.900 

12 10’ 0.898 

 
Below are the proteins concentrat ions of  control ,  5HT, 5HT+ SNP and 5HT+ 

Papaverine 

 

Control   4.1 ug/ul  

5HT  7.63 ug/ul  

5Ht + SNP  5.9 ug/ul  

5HT + 

Papaverine  

5.3 ug/ul  

 

Protein samples (100 ug) are puri f ied and are made upto 250 ul  by adding 

UDC buffer  
 

  100ug UDC buffer 

Control  4.1 ug/ul  24.4 225.6 

5HT 7.63 ug/ul  13.1 236.9 

5HT + SNP 5.9 ug/ul  16.9 233.1 

5HT + Papa 5.3 ug/ul  18.8 231.2 
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Protein Seperation   
 
Two-dimensional polyacrylamide gel electrophoresis 
 

A part icular chal lenge of proteomics is  the reproducible analysis of  complex 

protein mixtures [21]. In 1975, two-dimensional polyacrylamide gel 

electrophoresis was simultaneously described by O’Farrel l  and by Klose. 

Their  techniques al lowed, for the f i rst  t ime, the separat ion of complex 

mixtures of proteins into individual components.Two-dimensional 

polyacrylamide gel electrophoresis (2D-PAGE) is current ly the method of  

choice for separat ing complex mixtures of proteins. This method al lows the 

simultaneous display of a large part  of  the ent i re set of  proteins expressed 

by a given organism, organ or t issue.However,  the technique is part icular ly 

powerful  when comparing related samples,  such as control  t issue vs treated 

t issue 2-D gels are not biased against any type of protein, and they have 

high enough load capacit ies to provide suff ic ient puri f ied protein for 

character izat ion [22].  

 

Key principles  
 

•  Proteins dif fer f rom each other in terms of their mass and charge. 

 

•  Both these propert ies can be used to separate proteins by gel 

electrophoresis.   

 

•  The successive appl icat ion of both techniques in perpendicular 

direct ions ( two dimensions) provides maximum separat ion and al lows 

hundred of proteins to be resolved. 

 

•  Staining the gel reveals the posi t ions of individual proteins as spots 

or smudges.  
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Steps :  

 

2-D gel electrophoresis process consists of these steps: 

  

•  First  dimension isoelectr ic focusing  

•  Second dimension gel electrophoresis  

•  Staining  

•  Imaging analysis 

 

 

First Dimension  
 

2-D gel electrophoresis uses a procedure cal led isoelectr ic focusing, which 

separates polypept ide chains depending on the surrounding pH and the 

charge of the protein (negat ive or posit ive).  

In the f i rst  step of  2D gel electrophoresis,  a cel l  extract is ful ly denatured by 

high concentrat ions of detergent and layered on a glass tube f i l led with 

polyacrylamide that is saturated with a solut ion of ampholytes, a mixture of  

polyanionic[(-)  charged] and polycat ionic [(+) charged] molecules [19].  When 

placed in an electr ic f ie ld, the ampholytes wi l l  separate and form a 

cont inuous gradient based on their  net charge. The most highly polyanionic 

ampholytes wi l l  col lect at  one end of the tube, and the most polycat ionic 

ampholytes wi l l  col lect at  the other end. Charged proteins wi l l  migrate 

through the gradient unt i l  they reach their  pI ,  or isoelectr ic point,  the pH at 

which the net charge of the protein is zero [23].  This resolves proteins that 

di f fer by only one charge. 
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Day-1 
 

Iso-Electr ic Focussing (IEF) 

 

1.  Protein samples (100 ug) are puri f ied and are made upto 250 ul  by adding 

UDC buffer.  

2.  125 ul  of  sample in dupl icates is loaded in rehydrat ion tray. 

3.  7 cm long IPG str ip (pH 3-10) is rehydrated with protein sample on a 

disposable re-hydrat ion tray for overnight at the room temperature.  

4.  Each str ip is overlayed with 2-3 ml of mineral  oi l  to prevent evaporat ion 

during the rehydrat ion process.  

 
Day-2 
 

Wet electrode Wicks are placed on anode and cathode ends of electrode 

wires on an IEF tray. IPG str ip is removed from rehydrat ion tray, oi l  is 

drained and i t  is layed over on wet electrode wicks. Each str ip is overlayed 

with 2-3 ml of mineral  oi l  to prevent evaporat ion during the IEF process. 

 

IEF can be started on Protean  IEF cel l  (Bio-Rad # 165-4000) at 20ºC using 

the fol lowing step cycles: 

(a) Step 1 250 volts,  20 min, l inear ramp 

(b) Step 2 8000 volts,  2.5 hr,  l inear ramp 

(c) Step 3 8000 volts,  20,000 V-hr,  rapid ramp 

Total :  ~30,000 V-hr for a period of 5.3 hr 

 

After IEF, IPG str iprs are removed from IEF tray, oi l  is drained and are 

ei ther proceeded with 2nd dimension by equi l ibrat ing the str ip or freezed at  

–70ºC. 
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Figure 10: Bio-Rad Protean IEF cel l  
 
 
 

  
Figure 11: IEF Tray 

Source (http: / /proteomics.embl.de/ images/IPStrips. jpg 
www.proteomesystems.com/Catalogue/Prof i le.asp) 

 

Strip Equil ibration. 
 
Equi l ibrat ion of the IPG str ip is an important step in 2D gel electrophoresis 

as i t  enables the transfer of  higher amounts of protein from the IPG str ip 

into the SDS gel.  

The str ips are equi l ibrated before they can be used for SDS-PAGE.  

 

Equi l ibrat ion Solut ions 

 

Solut ion 1 10mL Stock Re-equi l ibrat ion Buffer + 

100mg DTT 

Solut ion 2 10mL Stock Re-equi l ibrat ion Buffer + 

250mg iodacetamide 
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Steps in Str ip Equi l ibrat ion 

 

•  Str ips are covered with solut ion 1, gel  s ide up, and are placed on 

shaker for 20 minutes. 

•  Solut ion 1 is discarded. 

•  Str ips are covered with solut ion 2, gel  s ide up, and are placed on 

shaker for 20 minutes. 

•  Solut ion 2 is discarded. 

 

 

 

Importance of Equi l ibrat ion components : 
 

DTT:   DTT preserves the ful ly reduced state of denatured, unalkylated 

proteins.  

 

Sodium dodecyl  sulphate (SDS): SDS denatures proteins and forms 

negat ively charged protein-SDS complexes. The amount of  SDS bound to a 

protein,  is direct ly proport ional to the mass of the protein [17].  

Electrophoresis of  proteins in the presence of SDS separates proteins on 

the basis of molecular mass. 

  

Iodoacetamide: Iodoacetamide alkylates thiol  groups on proteins, prevent ing 

their  reoxidat ion during electrophoresis.  Protein reoxidat ion during 

electrophoresis can result  in streaking and other art i facts.  Iodoacetamide 

also alkylates residual DTT to prevent point  streaking and other si lver-

staining art i facts [17].Equi l ibrat ion with iodoacetamide is used to minimize 

unwanted react ions of cysteine residues.  
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Figure 12: 2-D gel electrophoresis  

Source (www.aber.ac.uk/parasi tology/Proteome/Tut_2D.html)  

 

Second Dimension: 

 

Proteins that have been separated on an IEF gel are next separated in the 

second dimension based on their  molecular weights.  The second dimension 

is usual ly an SDS-polyacrylamide gel electrophoresis,  which al lows the 

separat ion of the proteins based on their  molecular s ize [18].  The 

percentage of acryamide in the separat ion gel is chosen based on the size 

of the proteins to be separated (4-20%). The comb is removed from the gel 

af ter i t  has polymerized and the str ip from above is appl ied horizontal ly on 

top of the stacking gel.  The proteins in the str ip are al lowed to separate in 

the second dimension based of their  apparent molecular weight in SDS.  

When an electr ic f ield is imposed, the proteins migrate from the IEF gel into 

the SDS slab gel and then separate according to their  mass. Sequent ial  
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resolut ion of proteins by their  charge and mass can give excel lent  

separat ion of cel lular proteins [19].   

 

Staining 
 
Phosphoprotein gel stain 
Phosphoprotein gel  stain from molecular probes is a breakthrough 

technology that provides a method for select ively staining phosphoproteins 

in polyacrylamide gels 

 

Stock Solution 
  
1 Fix solut ion.  

Fix solut ion for Phosphoprotein gel stain is a solut ion of 50% methanol and 

10% acetic acid [20].  

 

2 Destain solut ion:  

Phosphoprotein gel destaining solut ion with catalog number P33310 is 

purchased from molecular probes. 1L Destain solut ion can also be prepared  

by combining and mixing thrrougly 

•  50 mL of 1 M sodium acetate, pH 4.0 

•  750 mL of ul t rapure water 

•  200 mL of acetonitr i le 

 
 
Staining procedure 
 

1 Fix the gel.  Gel is immersed in ~500 mL of f ix solut ion and incubated at 

room temperature with gent le agitat ion for 30–60 minutes. This step is 

repeated overnight to ensure that al l  of the SDS is washed out of  the gel.  

 

2 Wash the gel.  Gel is incubated in ~500 mL of ul t rapure water with gent le 

agi tat ion for 15 minutes. This step is repeated two t imes for a total  of  three 

washes. Gel is completely immersed in water in order to remove al l  of  the 

methanol and acet ic acid from the gel.  Residual methanol or acet ic acid wi l l  

interfere with phosphoprotein staining. 
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3 Stain the gel.  In the next step, Gel is  incubated in the dark in 500 mL of 

phosphoprotein gel stain with gent le agitat ion for 1.5–2 hours.  

 

4 Destain the gel.  Destaining is important to reduce the gel background 

signal and to reduce the signal f rom nonspecif ic staining. Gel is incubated in 

500 mL of destain solut ion with gent le agitat ion for 30 minutes at room 

temperature, protected from l ight.  This step is repeated two more t imes. The 

opt imal total  destaining t ime is about 1.5 hours.  

 

5 Wash the gel.  Final ly,  gel  is washed twice with ul t rapure water at  room 

temperature for 5 minutes per wash. 

 

Imaging and Documenting the Gel 
 

Phosphoprotein stain has an exci tat ion maximum at ~555 nm and an 

emission maximum at ~580 nm. 

Transil lumination  Stained gels can be visual ized on a blue-l ight  

t ransi l luminator or on a 300 nm UV transi l luminator with an instrument 

capable of 532–560 nm exci tat ions.  

The scanner used to image the gels is Alpha Fluor Chem Scanner at  

Dr.Joshi ’s lab. 

 

Spyro Ruby Stain: 

 
Sypro Ruby protein gel stain is ideal for proteomics. I t  is used for the 

analysis of  total  proteins in 2-D polyacrylamide gels.  This stain provides 

very low nanogram sensit iv i ty,  but stains more proteins and has a much 

broader l inear quant i tat ion range[20] . I t  is possible to obtain accurate 

protein quant i tat ion for both highly expressed and minimal ly expressed 

proteins in the gel using spyro ruby protein gel  stain.  

 

Stock Solution: 
Fix and destain Solut ion: 
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Fix and destain solut ion for spyro ruby stain is a solut ion of 50% 

methanol and 10% acet ic acid.  

 

Procedure: 
1 Fix:  After 2D electrophoresis,  gel  is placed into a microwavable container 

with 100 mL of f ix solut ion and agitated on an orbi tal  shaker for 15 minutes 

 

2.  Wash: Gel is t ransfered to a clean container and incubated in 100 mL of 

of  ul t rapure water with gent le agi tat ion for 15 minutes. Gel is completely 

immersed in water in order to remove al l  of  the methanol and acet ic acid 

from the gel .  

 

3.  Stain:  After washing thoroughly,  gel  is stained with 100ml of spyro ruby 

protein stain for 3 hours on shaker.  Staining is done overnight for better 

results.  

 

4.  Wash. After staining, gel  is t ransferred to a clean container and incubated 

in 100 mL of wash solut ion for 30 minutes.  

 

5.  Destain:  Destaining is important to reduce the gel background signal and 

to reduce the signal f rom nonspecif ic staining. Gel is incubated in 100 mL of 

destain solut ion with gent le agi tat ion for 30 minutes at  room temperature, 

protected from l ight.  

 

6.  Wash the gel.  Final ly,  gel  is washed twice with ul trapure water at room 

temperature for 5 minutes per wash. 

 

Viewing and Photographing the Gel 
 
Proteins stained with the spyro rubu protein stain are visual ized using a 300 

nm UV transi l luminator,  a blue-l ight  t ransi l luminator,  or a laser scanner.   

The scanner used to scan the gels is Alpha Fluor Chem Scanner from 

Dr.Joshi ’s lab. 
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Results of Two Dimensional Gel Electrophoresis: 
 
 
Control with Spyro Ruby Stain 
 

Gel image obtained after Two Dimensional Gel Electrophoresis when stained 

with spyro ruby stain.This gel is  termed as control gel  s ince i t  is not t reated 

with any drugs. 

 

 
 
Figure 13: Control  gel  image obtained after staining with Spyro ruby stain 
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5HT with Spyro Ruby Stain 
 
Gel image obtained after Two Dimensional Gel Electrophoresis when stained 

with spyro ruby stain.This gel  is termed as 5HT gel s ince i t  is t reated with 

serotonin (5HT) to induce contract ion. 

 
 

 
Figure 14: 5HT image obtained after staining with Spyro ruby stain 
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5HT + SNP with Spyro ruby stain 
 
Gel image obtained after Two Dimensional Gel Electrophoresis when stained 

with spyro ruby stain.This gel  is termed as 5HT + SNP gel s ince i t  is t reated 

with serotonin fol lowed by sodium ni tro prusside to induce relaxat ion. 

 

 

 
Figure 15: 5HT + SNP image obtained af ter staining with Spyro ruby stain 
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5HT + Papaverine with Spyro ruby stain 
 
Gel image obtained after Two Dimensional Gel Electrophoresis when stained 

with spyro ruby stain.This gel is termed as 5HT + Papaverine gel s ince i t  is 

t reated with serotonin fol lowed by papaverine to induce relaxat ion. 
 
 

 
Figure 16: 5HT + Papaverine image obtained after staining with Spyro ruby 

stain 
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Control with Phosphoprotein stain: 
 
Gel image obtained after Two Dimensional Gel Electrophoresis when stained 

with Phospho protein stain.This gel is termed as control  gel  s ince i t  is not 

t reated with any drugs to induce contract ion or relaxat ion. 

 
 

 
 
Figure 17: Control  image obtained after staining with Phophoprotein stain 
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5HT with Phosphoprotein stain 
 
 

Gel image obtained after Two Dimensional Gel Electrophoresis when stained 

with Phospho protein stain.This gel  is termed as 5HT gel s ince i t  is t reated 

with serotonin (5HT) to induce contract ion. 

 

 
 
Figure 18: 5HT image obtained after staining with Phophoprotein stain 
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5HT + SNP with Phosphoprotein stain 
 
 

Below is the gel obtained after Two Dimensional Gel Electrophoresis when 

stained with Phospho protein stain.This gel is termed as 5HT + SNP gel 

s ince i t  is t reated with serotonin fol lowed by  sodium nitro prusside to 

induce relaxat ion. 

 

 
 
Figure 19: 5HT + SNP image obtained after staining with Phophoprotein 

stain 
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5HT + Papaverine with Phosphoprotein stain 
 
Below is the gel obtained after Two Dimensional Gel Electrophoresis when 

stained with Phospho protein stain.This gel is termed as 5HT + Papaverine 

gel s ince i t  is t reated with serotonin fol lowed by papaverine to induce 

relaxat ion. 
 

 
 
Figure 20: 5HT + Papaverine image obtained after staining with 

Phophoprotein stain 
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Chapter I I I  
 
Phase I I : 2D Protein Gel Analysis tool 
 
Introduction:   

 

Despite i ts scient i f ic potent ial ,  Two Dimensional Gel Electrophoresis  

technology is only part ial ly exploi ted today. This is part ial ly due to 

di f f icul t ies related to the experimental  procedure, and even more due to the 

complexi ty of  analyzing the results with the aid of exist ing tools.  To extract  

biological ly meaningful  information, the output images of di f ferent Two 

Dimensional Gel Electrophoresis experiments have to be compared. 

 

A crucial  step in two-dimensional gel  based protein expression analysis is to 

match protein spots in di f ferent gel images that correspond to the same 

locat ion. I t  requires extensive and t ime-consuming manual interference.Gel 

analysts commonly do this manual ly by visual ly or semi-automatical ly 

ident i fying signi f icant equivalent spots in both gels,  select ing them 

manual ly,  and then comparing the reference with the test gel  so that these 

spots are matched against the chosen equivalents in the reference gel [24].  

 

Goal:   

 

The goal of  the second phase project is  

 

 To develop 2D Protein Gel Analysis Tool to obtain total  count of  

proteins along with the locat ion and intensi ty of  proteins. 

 

 To compare two two-dimensional protein gels by locat ion of  proteins 

using 2D Protein Gel Analysis Tool.   
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Methodolgy: 
 

Segmentat ion is one of the most important steps in the analysis of image 

data.   Segmentat ion includes number of di f ferent techniques that div ide the 

image into Segments.Thresholding is the simplest segmentat ion process 

which is computat ional ly inexpensive and fast.  Thresholding is the operat ion 

of convert ing a mult i - level image into a binary image. In a binary image, 

each pixel  value is represented by a single binary digi t .  In i ts s implest form, 

thresholding is a point-based operat ion that assigns the values of  0 or 1 to 

each pixel  of  an image based on a comparison with some global threshold 

value T. Thresholding is an early processing step because i t  leads to 

signi f icant reduct ion in data storage and results in binary images that are 

easy to analyze [31].I t  is  a way to get r id of  noise by considering the 

signi f icant information of the image and to improve the signal-noise rat io.   

There are two basic methods in thresholding: "hard thresholding" and "soft  

thresholding":   

In hard thresholding, any wavelet coeff ic ient whose absolute value is less 

than the threshold value is set to zero. Coeff ic ients whose absolute value is 

greater than or equal to the threshold remain unchanged [25].   

Hard thresholding 
   

,~ λθ ≥= ••
ttj yy  

        = λ≤•
ty0  

In soft  thresholding, any wavelet coeff ic ient whose absolute value is less 

than the threshold value is set to zero. The threshold is subtracted from 

coeff ic ients whose absolute value is greater than or equal to the threshold 

value. This moves these coeff ic ients toward zero [25].                                         

Soft thresholding 
 

+
∗∗ −= ))((~ λθ jjj yysign . 
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Image is segmented using hard thresholding.The biggest chal lenge in 

thresholding an image is picking the r ight threshold value. For manual 

thresholding, a maximum (255) and minimum (0) intensity are specif ied to 

l imit  the range of val id intensit ies.This technique uses two values to def ine 

the threshold range. The thresholds are adjusted interact ively by showing al l  

pixels in the image whose value l ies in this range are converted to black; 

pixels with values outside this range are converted to white.  

User can sl ide a cursor along the sl ider to select a threshold value 

      

 

Before threshold     After thresholding at 128 
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Figure 21        Figure 22 

 

Figure 21:  The intensity prof i le of the control  image with spyro ruby stain 

( f igure 13) before hard thresholding 

 

Figure 22: The intensity prof i le of the control  image with spyro ruby stain 

( f igure 13) after hardthresholding at 128. Note that the coeff ic ients whose 

absolute value is less than 128 are set to zero and coeff ic ients whose 

absolute value is greater than or equal to 128 remain unchanged.  
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 Counting the number of proteins   

 

In the image analysis system, the centroid coordinates of  each cel l  are 

important features of cel l  images. 

Fastcentroid funct ion returns the centroid coordinates for the connected 

components in BW (i ind, j ind) and the number of  pixels of  each component 

(numberofpixels) [26].  This software was developed by Marcel ino Sanchez 

Gonzalez in May 2002. 

 

The output obtained from FastCentroid funct ion wi l l  be in the format of [ i ind, 

j ind, numberofpixels]  

The row coordinate of the center of  the area for the i th protein is given by 

i ind.   

The column coordinate of  the center of  the area for the i th protein is given 

by j ind. 

The intensity of the i th protein is given by numberofpixels.  

Fastcentroid is faster than bwmorph( 'shrink', Inf) and imfeature(L, 'centroid ')  

[26].  

 

 

Figure 23:  This f igure is obtained as the result  of  Fastcentroid funct ion: 

Each protein spot on the image is ident i f ied and Fastcentroid returns the 

posit ion and intensi ty of each protein.  
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Finding similar proteins in control and treated gel images  

 

Each protein to be matched is ident i f ied by descr ibing i ts locat ion and 

intensity so that i t  can be matched to proteins in another image.Every 

protein is assumed as simply a vector (x(s);  y(s);  i (s)) consist ing of i ts 

nonnegat ive point coordinates (x(s);  y(s))  in the Eucl idean plane and a 

posi t ive number i (s) descr ibing i ts intensi ty.  

 
The protein spots are represented using a set of  keypoints;  and then a 

matching algori thm is appl ied to f ind the simi lar spots in the image 1 and 

image2.The matching cr i terion is based on the Eucl idean distances between 

the keypoints on the control  image and the keypoints on treated image. I f  a 

single keypoint on the control  image is considered, i ts distance to al l  the 

keypoints of the ent ire treated image is computed. I f  the Eucl idean distance 

between the control  image and treated image for a part icular pair of  

keypoints fal ls below the chosen threshold, this pair  istermed a match.The 

threshold for matching images based on Eucl idean distance sin selected as 

‘1’ .  This value is selected from tr ia l  and error method.  

Eucl idean distance is the most common distance measure. A given pair  of  

cases is plot ted on two var iables, which form the x and y axes. The 

Eucl idean distance is the square root  of  the sum of the square of the x 

di f ference plus the square of  the y distance [43].  

For two 2D points P= [px, py] and Q= [qx, qy],  the distance is computed as  

22 )()( qypyqxpx −+−  
 

 

 
2D protein gel analysis tool  is an open-source stand-alone computer 

program for f inding posit ion and intensity of  proteins in a 2 Dimensional 

protein gel image. I t  can read black and white JPEG, GIF, and BMP images.  

Two images are required in order to do the comparison based on protein 

locat ion. 
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Counting the number of proteins:  

 

Load the image to count the number of proteins. 

Adjust the threshold:  user has the opt ion of interact ively select ing the 

threshold by moving the cursor over the sl ider.  

Cl ick the Apply button to get the total  count of proteins 

 

 
 
 
 
Figure 24: 2D Protein Gel Analysis Tool GUI  
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View Locat ion and Intensity:  

 

Load the image 

Adjust the threshold  

Cl ick the apply button to view the protein locat ion and intensi ty 

Cl ick the View locat ion button to get the protein locat ion and intensi ty 

interact ively 

 

 

 
 
 

 

 

Figure 25: 2D Protein Gel Analysis Tool GUI 
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Get simi lar proteins in two images based onlocat ion 

 

Load the image 

Set the threshold 

Cl ick Simi lar protein locat ion button to get the simi lar proteins in two 

images. 

Simi lar protein spots can be ident i f ied by the red sign on the image. 

 

 

 
 
Figure 26: 2D Protein Gel Analysis Tool GUI 
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Chapter IV 
 
Conclusions:  
 
 
Below table explains the number of total  proteins picked up by spyro ruby 
proteins stain and number of phosphorylated proteins picked up by 
phosphoprotein stain during four stages of  control ,  contract ion and 
relaxat ion at threshold 70 
 

 Spyro ruby Phosphoprotein 
Common 
proteins 

Control 27 18 7 
5HT 21 13 5 
5HT + SNP 23 19 7 
5HT + Papaverine 19 11 4 
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Spyro ruby 27 21 23 19

Phosphoprotein 18 13 19 11

Common proteins 7 5 7 4

Control 5HT 5HT + SNP 5HT + 
Papaverine

 
 
Figure 27:  Total  proteins picked up by spyro ruby stain, total  phophorylated 
proteins picked up by phosphoprotein stain and common proteins from 
spyrorubystain and phosphoprotein stain at threshold 70 
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 Spyro ruby stain  
  Common proteins 
Control 5HT 11 
Control 5HT + SNP 12 
Control 5HT + Papaverine 9 
5HT  5HT + SNP 8 
5HT  5HT + Papaverine 6 
5HT + SNP 5HT + Papaverine 9 
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Figure 28: Total  Number of  proteins picked up by Spyro ruby stain 
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 Phosphoprotein stain  
  Common proteins 
Control 5Ht 13 
Control 5HT + SNP 10 
Control 5HT + Papaverine 12 
5HT  5HT + SNP 8 
5HT  5HT + Papaverine 6 
5HT + SNP 5HT + Papaverine 12 
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Figure 29:  Total  Number of Phosphorylated proteins picked up by Phospho 
Protein stain 
 
 
 

There is minimal change in the total  number of proteins picked up by spyro 

ruby stain dur ing control ,  contract ion and relaxat ion of  vascular smooth 

mucle.  

There is decrese in the total  number of phosphorylated proteins picked up 

by phospho protein stain during control ,  contract ion and relaxat ion of 

vascular smooth muscle when compared to the total  number of proteins. 
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Future work: 
 

To develop second version of 2D protein gel analysis tool  which can match 

proteins based on the intensi ty.  

To study phosphorylated proteins by using ant i -phosphoamino acid 

ant ibodies.  

 
Discussions: 
 

2-D gel electrophoresis achieves very high separat ion eff icacy. However,  

the technique does however have many ser ious l imitat ions. 

 

For instance i t  is not part icularly good at  resolving proteins or pept ides with 

a low molecular mass as these migrate through the polyacrylamide gel too 

rapidly.  I t  is also unsuitable for many proteins, part icularly hydrophobic 

ones, as these interact unfavourably with the gel matr ix.  

Analyses performed by gels are not part icular ly quant i tat ive due to the 

di f fer ing amounts proteins take up the staining reagents. Careful  use of 

cal ibrated standards does al low some quant i f icat ion, but even this is 

somewhat imprecise. 

Proteins often react with the gel matr ix.  This leads to di f fering amounts of 

acrylamide-protein polymers which makes ident i f icat ion of  proteins masses 

dif f icul t .  

2DE takes a long t ime to perform. Each of the individual stages requires 

quite a long t ime to run, and much user intervent ion is required. .  This 

makes i t  a long and laborious process which requires some ski l l  to master.  

 Performing 2DE is very much an art ,  requir ing much experimentat ion to f ind 

the correct condit ions for sample preparat ion, focusing t imes etc.  I f  these 

are not opt imised then art i facts can easi ly be introduced into the 2D pattern 
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Appendix  
Matlab Code 
 

funct ion varargout = GUIdemo(varargin) 
% GUIDEMO M-f i le for GUIdemo.f ig 
%      GUIDEMO, by i tsel f ,  creates a new GUIDEMO or raises the exist ing 
%      s ingleton*. 
% 
%      H = GUIDEMO returns the handle to a new GUIDEMO or the handle to 
%      the exist ing singleton*. 
% 
%      GUIDEMO('CALLBACK',hObject,eventData,handles,. . . )  cal ls the local  
%      funct ion named CALLBACK in GUIDEMO.M with the given input 
arguments. 
% 
%      GUIDEMO('Property ' , 'Value' , . . . )  creates a new GUIDEMO or raises the 
%      exist ing singleton*.  Start ing from the lef t ,  property value pairs are 
%      appl ied to the GUI before GUIdemo_OpeningFunct ion gets cal led.   An 
%      unrecognized property name or inval id value makes property 
appl icat ion 
%      stop.  Al l  inputs are passed to GUIdemo_OpeningFcn via varargin. 
% 
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI al lows only 
one 
%      instance to run (s ingleton)".  
% 
% See also: GUIDE, GUIDATA, GUIHANDLES 
 
% Edit  the above text  to modify the response to help GUIdemo 
 
% Last Modif ied by GUIDE v2.5 09-Aug-2005 20:39:51 
 
% Begin ini t ia l izat ion code - DO NOT EDIT 
gui_Singleton = 1;  
gui_State = struct( 'gui_Name',        mf i lename, . . .  
                   'gui_Singleton',   gui_Singleton, . . .  
                   'gui_OpeningFcn',  @GUIdemo_OpeningFcn, . . .  
                   'gui_OutputFcn',   @GUIdemo_OutputFcn, . . .  
                   'gui_LayoutFcn',   [ ]  ,  . . .  
                   'gui_Cal lback',    [ ] ) ;  
i f  nargin & isstr(varargin{1}) 
    gui_State.gui_Cal lback = str2func(varargin{1});  
end 
 
i f  nargout 
    [varargout{1:nargout}]  = gui_mainfcn(gui_State, varargin{:}) ;  
e lse 
    gui_mainfcn(gui_State, varargin{:});  
end 
% End ini t ia l izat ion code - DO NOT EDIT 
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% ---  Executes just before GUIdemo is made vis ible. 
funct ion GUIdemo_OpeningFcn(hObject,  eventdata, handles, varargin) 
% This funct ion has no output args, see OutputFcn. 
% hObject    handle to f igure 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
% varargin   command l ine arguments to GUIdemo (see VARARGIN) 
 
% Choose default  command l ine output for GUIdemo 
handles.output = hObject;  
 
% Update handles structure 
guidata(hObject,  handles);  
 
% UIWAIT makes GUIdemo wait  for user response (see UIRESUME) 
% uiwait(handles.f igure1);  
 
% ---  Outputs from this funct ion are returned to the command l ine. 
funct ion varargout = GUIdemo_OutputFcn(hObject,  eventdata, handles) 
% varargout  cel l  array for returning output args (see VARARGOUT); 
% hObject    handle to f igure 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Get default  command l ine output from handles structure 
varargout{1} = handles.output;  
 
 
% ---  Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion edit3_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to edi t3 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  edi t  controls usual ly have a white background on Windows. 
%       See ISPC and COMPUTER. 
i f  ispc 
    set(hObject, 'BackgroundColor ' , 'white ');  
e lse 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
 
 
 
% ---  Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion inEdit_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to inEdit  (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  edi t  controls usual ly have a white background on Windows. 
%       See ISPC and COMPUTER. 
i f  ispc 
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    set(hObject, 'BackgroundColor ' , 'white ');  
e lse 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
 
 
 
funct ion inEdit_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to inEdit  (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Hints:  get(hObject, 'Str ing')  returns contents of  inEdit  as text  
%        str2double(get(hObject, 'Str ing'))  returns contents of  inEdit  as a 
double 
 
 
% LOAD FIRST IMAGE--- Executes on button press in loadPush. 
funct ion loadPush_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to loadPush (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
image_f i le = get(handles. inEdit , 'Str ing') ;  
i f  ~isempty( image_f i le) 
im_original=imread(char( image_f i le)) ;  
set(handles.or iginal , 'HandleVisibi l i ty ' , 'OFF') ;  
set(handles.dupl icate, 'HandleVisibi l i ty ' , 'OFF');  
set(handles.newIm,'HandleVisibi l i ty ' , 'OFF') ;  
set(handles.orgIm, 'HandleVisibi l i ty ' , 'ON');  
axes(handles.orgIm); 
image(im_original) ;  
axis equal;  
axis t ight;  
axis of f ;  
set(handles.orgIm, 'HandleVisibi l i ty ' , 'OFF');  
end; 
 
 
% SLIDER--- Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion intSl ider_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to intSl ider (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  s l ider controls usual ly have a l ight gray background, change 
%       'usewhitebg' to 0 to use default .   See ISPC and COMPUTER. 
usewhitebg = 1; 
i f  usewhitebg 
    set(hObject, 'BackgroundColor ' , [ .9 .9 .9]);  
else 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
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akulk1 =0; 
 
% ---  Executes on sl ider movement.  
funct ion intSl ider_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to intSl ider (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Hints:  get(hObject, 'Value')  returns posit ion of s l ider 
%        get(hObject, 'Min') and get(hObject, 'Max')  to determine range of  s l ider 
t  = get(handles. intSl ider, 'value') ;  
set(handles.valText, 'Str ing',num2str(t ));  
 
% -APPLY  FIRST IMAGE-- Executes on button press in pushbutton17. 
funct ion pushbutton17_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to pushbutton17 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
scale = get(handles. intSl ider, 'value') ;  
image_f i le = get(handles. inEdit , 'Str ing') ;  
or im=imread(char(image_fi le));  
 
or im = double(or im); 
 
   [mic, nic ,  oic]  =size(orim);  
     
umc(mic,nic) = 0;  
  jmc(mic,nic) =0; 
  kmc(mic,nic) =0; 
  pc=orim; 
    for  ic= 1:mic 
      for jc = 1:nic 
                 
          jmc( ic, jc)=pc(ic, jc);  
           
          i f ( jmc(ic, jc)>scale) 
               umc(ic, jc) = 255; 
               kmc(ic, jc) =0; 
           else 
               umc(ic, jc) = 0;  
               kmc(ic, jc) =255; 
           end 
      end   
  end 
  nimav =kmc; 
   
  axis equal;  
    axis t ight;  
    axis off ;  
    set(handles.newIm,'HandleVisibi l i ty ' , 'ON');   
    set(handles.original , 'HandleVisibi l i ty ' , 'OFF');  
    set(handles.orgIm, 'HandleVisibi l i ty ' , 'OFF');  
    set(handles.dupl icate, 'HandleVisibi l i ty ' , 'OFF') ;  
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    axes(handles.newIm); 
  
    imagesc(nimav);  
colormap(gray);  
%pixval on 
 
    axis equal;  
    axis t ight;  
    axis off ;  
  [ i j i , j i j ,n]  =fastcentroid(umc);  
 len = size( i j i )  
 nnn = size( i j i )  
 for iu = 1:nnn(2) 
      
 %   f i rst  f igure 
  
    number =  iu 
    x_cord = round(i j i ( iu))   
    y_cord = round(j i j ( iu))  
    intens = or im(x_cord,y_cord) 
    
    ashu(iu,1) = number; 
    ashu(iu,2) = x_cord ;  
    ashu(iu,3) = y_cord; 
    ashu(iu,4) = intens; 
    spr intf( 'numbers=%d  x_cord=%d   y_cord=%d  
intensi ty=%d',ashu(1),ashu(2),ashu(3),ashu(4))  
    f id = fopen( 'ashu1.mat ' , 'w') ;  
        fpr intf ( f id, '%d  %d  %d  %d \n' ,ashu');  
        fc lose(f id);  
    set(handles. l is tbox2, 'Str ing',num2str(ashu));  
     
     
     
     
set(handles.edi t10, 'Str ing',num2str(number));  
 end 
  set(handles.newIm,'HandleVisibi l i ty ' , 'OFF');  
   
% VIEW LOCATION  FIRST IMAGE--- Executes on button press in 
pushbutton18. 
funct ion pushbutton18_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to pushbutton18 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
scale = get(handles. intSl ider, 'value') ;  
image_f i le = get(handles. inEdit , 'Str ing') ;  
or im=imread(char(image_fi le));  
or im = double(or im); 
gen =rgb2gray(or im); 
   [mic, nic ,  oic]  =size(orim);  
    count1 = 0;  
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umc(mic,nic) = 0;  
  jmc(mic,nic) =0; 
  kmc(mic,nic) =0; 
  umn(512)=0; 
  umx(512)=0; 
  pc=orim; 
    for  ic= 1:mic 
      for jc = 1:nic 
                 
          jmc( ic, jc) = pc( ic, jc);  
           
          i f ( jmc(ic, jc)>scale) 
              count1 = count1+1; 
               umc(ic, jc) = 255; 
               kmc(ic, jc) =0; 
               umn(count1)=jmc(ic, jc);  
               umx(umn(count1) )= umx(umn(count1) )+1; 
           else 
               umc(ic, jc) = 0;  
               kmc(ic, jc) =255; 
           end 
      end   
      
  end 
%   umx 
  nimav =kmc; 
%figure(15);  
 % ux= imhist(gen);  
%plot(umx);  
 
f igure(1) 
 imagesc(nimav);  
  
  
% fc lose(f id);  
  
 colormap(gray);  
pixval on 
 
% NUMBER OF PROTEINS- FIRST IMAGE-- Executes during object 
creat ion, af ter sett ing al l  propert ies. 
funct ion edit10_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  edi t  controls usual ly have a white background on Windows. 
%       See ISPC and COMPUTER. 
i f  ispc 
    set(hObject, 'BackgroundColor ' , 'white ');  
e lse 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
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funct ion edit10_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Hints:  get(hObject, 'Str ing')  returns contents of  edi t10 as text  
%        str2double(get(hObject, 'Str ing'))  returns contents of  edi t10 as a 
double 
 
 
% ---  Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion l istbox2_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to l istbox2 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  l istbox controls usual ly have a white background on Windows. 
%       See ISPC and COMPUTER. 
i f  ispc 
    set(hObject, 'BackgroundColor ' , 'white ');  
e lse 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
 
 
% ---  Executes on select ion change in l istbox2. 
funct ion l istbox2_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to l istbox2 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Hints:  contents = get(hObject, 'Str ing') returns l istbox2 contents as cel l  
array 
%        contents{get(hObject, 'Value')}  returns selected i tem from l istbox2 
 
 
% ---  Executes on button press in closePush. 
funct ion closePush_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to closePush (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
c lose al l ;  
 
%% 
%%SECOND   IMAGE 
% 
% ---  LOAD SECOND IMAGE  Executes on button press in pushbutton13. 
funct ion pushbutton13_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to pushbutton13 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
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% handles    structure with handles and user data (see GUIDATA) 
image_fi lea = get(handles.edi t6, 'Str ing') ;  
i f  ~isempty( image_f i lea) 
im_originala=imread(char( image_fi lea));  
set(handles.or iginal , 'HandleVisibi l i ty ' , 'ON');  
set(handles.dupl icate, 'HandleVisibi l i ty ' , 'OFF');  
set(handles.newIm,'HandleVisibi l i ty ' , 'OFF') ;  
set(handles.orgIm, 'HandleVisibi l i ty ' , 'OFF');  
axes(handles.or iginal) ;  
image(im_originala);  
axis equal;  
axis t ight;  
axis of f ;  
set(handles.or iginal , 'HandleVisibi l i ty ' , 'OFF') ;  
end; 
 
 
% Hint :  get(hObject, 'Value') returns toggle state of checkbox5 
 
 
% ---  Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion sl ider5_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to sl ider5 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  s l ider controls usual ly have a l ight gray background, change 
%       'usewhitebg' to 0 to use default .   See ISPC and COMPUTER. 
usewhitebg = 1; 
i f  usewhitebg 
    set(hObject, 'BackgroundColor ' , [ .9 .9 .9]);  
else 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
 
 
% ---  Executes on sl ider movement.  
funct ion sl ider5_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to sl ider5 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Hints:  get(hObject, 'Value')  returns posit ion of s l ider 
%        get(hObject, 'Min') and get(hObject, 'Max')  to determine range of  s l ider 
 
ta = get(handles.sl ider5, 'value') ;  
set(handles.text13, 'Str ing',num2str( ta)) ;  
 
akulk = 0; 
% ---  Executes on button press in pushbutton14. 
%APPLY SECOND IMAGE  BUTTON 
funct ion pushbutton14_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to pushbutton14 (see GCBO) 
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% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
%Flaga = get(handles.checkbox6, 'value');%This f lag is to indicate i f  the 
check box is selected. 
scalea = get(handles.sl ider5, 'value') ;  
image_fi lea = get(handles.edi t6, 'Str ing') ;  
or ima=imread(char(image_f i lea));  
 
or ima = double(or ima); 
 
    [mi,  ni  ,  oi ]  =size(or ima); 
     
um(mi,ni) = 0;  
  jm(mi,ni)  =0; 
  km(mi,ni) =0; 
  p=orima; 
    for  i= 1:mi 
      for j  = 1:ni  
                 
          jm(i , j )  = p( i , j ) ;  
           
          i f ( jm(i , j )>scalea) 
               um(i, j )  = 255; 
               km(i, j )  =0; 
           else 
               um(i, j )  = 0;  
               km(i, j )  =255; 
           end 
      end   
  end 
  nimac =km; 
  
    axis equal;  
    axis t ight;  
    axis off ;  
    set(handles.newIm,'HandleVisibi l i ty ' , 'OFF');   
    set(handles.original , 'HandleVisibi l i ty ' , 'OFF');  
    set(handles.orgIm, 'HandleVisibi l i ty ' , 'OFF');  
    set(handles.dupl icate, 'HandleVisibi l i ty ' , 'ON');  
     
    axes(handles.dupl icate);  
 
    imagesc(nimac);  
colormap(gray);  
 
    axis equal;  
    axis t ight;  
    axis off ;  
 
    [ i j i , j i j ,n]  =fastcentroid(um); 
 len = size( i j i ) ;  
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 nnn = size( i j i ) ;  
 for iu = 1:nnn(2) 
     
% second f igure 
    
    numbervin =  iu ;  
    x_cordvin = round(i j i ( iu)) ;  
    y_cordvin = round(j i j ( iu)) ;  
    intensvin = or ima(x_cordvin,y_cordvin);  
    ashuvin( iu,1) = numbervin;  
    ashuvin( iu,2) = x_cordvin;  
    ashuvin( iu,3) = y_cordvin;  
    ashuvin( iu,4) = intensvin;  
    f id = fopen( 'ashu.mat ' , 'w');  
    fpr intf ( f id, '%d  %d  %d  %d \n' ,ashuvin') ;  
    fc lose(f id);  
    spr intf( 'numbers=%d  x_cordinate=%d   y_cordinate=%d  
intensi ty=%d',ashuvin(1),ashuvin(2),ashuvin(3),ashuvin(4))  
    set(handles. l is tbox1, 'Str ing',num2str(ashuvin));  
set(handles.edit9, 'Str ing' ,num2str(numbervin)) ;  
 end 
  
  
 set(handles.dupl icate, 'HandleVisibi l i ty ' , 'OFF');  
 
 
% ---  Executes on button press in pushbutton15. 
funct ion pushbutton15_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to pushbutton15 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
c lose al l ;  
% ---  Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion edit9_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to edi t3 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  edi t  controls usual ly have a white background on Windows. 
%       See ISPC and COMPUTER. 
i f  ispc 
    set(hObject, 'BackgroundColor ' , 'white ');  
     
e lse 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
funct ion edit9_Cal lback(hObject,  eventdata, handles) 
 
% ccc=pal lavi ;  
%     set(handles.ccc, 'Str ing' ,  ccc);  
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% --- VIEW LOCATION SECOND IMAGE Executes on button press in 
pushbutton16. 
funct ion pushbutton16_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to pushbutton16 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
%Flaga = get(handles.checkbox6, 'value');%This f lag is to indicate i f  the 
check box is selected. 
scalea = get(handles.sl ider5, 'value') ;  
image_fi lea = get(handles.edi t6, 'Str ing') ;  
or ima=imread(char(image_f i lea));  
 
or ima = double(or ima); 
 
    [mi,  ni  ,  oi ]  =size(or ima); 
     
um(mi,ni) = 0;  
  jm(mi,ni)  =0; 
  km(mi,ni) =0; 
  p=orima; 
    for  i= 1:mi 
      for j  = 1:ni  
                 
          jm(i , j )  = p( i , j ) ;  
           
          i f ( jm(i , j )>scalea) 
               um(i, j )  = 255; 
               km(i, j )  =0; 
           else 
               um(i, j )  = 0;  
               km(i, j )  =255; 
           end 
      end   
    
  end 
  nimac =km; 
f igure(2) 
 imagesc(nimac);  
  
 
  
  
 colormap(gray);  
pixval on 
%end 
 
 
% ---  Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion l istbox1_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to l istbox1 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
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% Hint:  l istbox controls usual ly have a white background on Windows. 
%       See ISPC and COMPUTER. 
i f  ispc 
    set(hObject, 'BackgroundColor ' , 'white ');  
e lse 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
 
 
% ---  Executes on select ion change in l istbox1. 
funct ion l istbox1_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to l istbox1 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Hints:  contents = get(hObject, 'Str ing') returns l istbox1 contents as cel l  
array 
%        contents{get(hObject, 'Value')}  returns selected i tem from l istbox1 
 
 
 
   
   
   
   
 
 
% ---  Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion l istbox3_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to l istbox3 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  l istbox controls usual ly have a white background on Windows. 
%       See ISPC and COMPUTER. 
i f  ispc 
    set(hObject, 'BackgroundColor ' , 'white ');  
e lse 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
 
 
% ---  Executes on select ion change in l istbox3. 
funct ion l istbox3_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to l istbox3 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Hints:  contents = get(hObject, 'Str ing') returns l istbox3 contents as cel l  
array 
%        contents{get(hObject, 'Value')}  returns selected i tem from l istbox3 
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% --- Executes during object creat ion, af ter sett ing al l  propert ies. 
funct ion l istbox4_CreateFcn(hObject,  eventdata, handles) 
% hObject    handle to l istbox4 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
 
 
      
% handles    empty - handles not created unt i l  af ter al l  CreateFcns cal led 
 
% Hint :  l istbox controls usual ly have a white background on Windows. 
%       See ISPC and COMPUTER. 
i f  ispc 
    set(hObject, 'BackgroundColor ' , 'white ');  
e lse 
    set(hObject, 'BackgroundColor ' ,get(0, 'defaultUicontrolBackgroundColor ' )) ;  
end 
 
 
% ---  Executes on select ion change in l istbox4. 
funct ion l istbox4_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to l istbox4 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
 
% Hints:  contents = get(hObject, 'Str ing') returns l istbox4 contents as cel l  
array 
%        contents{get(hObject, 'Value')}  returns selected i tem from l istbox4 
 
 
% ---   SIMILAR PROTEINS IN FIRST AND SECOND IMAGE Executes on 
button press in pushbutton19. 
funct ion pushbutton19_Cal lback(hObject,  eventdata, handles) 
% hObject    handle to pushbutton19 (see GCBO) 
% eventdata  reserved - to be def ined in a future version of  MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
uintx = [ ] ;  
set(handles. l istbox3, 'Str ing',num2str(uintx)) ;  
 
f id = fopen( 'ashu.mat' , ' r ' )  
     ashu  = fscanf(f id, '  %d %d %d %d '  )  
     n = size(ashu);  
     n1 = n(1)/4; 
     ashu = reshape(ashu,4,n1);  
     fc lose(f id);  
 
    c lear midni;   
     f id = fopen( 'ashu1.mat ' , ' r ' )  
     ashu1  = fscanf(f id, '  %d %d %d %d '  )  
     na = size(ashu1); 
     na1 = na(1)/4; 
     ashu1 = reshape(ashu1,4,na1);  
     fc lose(f id);  
     ak = ashu; 
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     ak1 =ashu1; 
        
     %     [axc ]=  corre(ak,ak1); 
    arry =ak; 
    arry1 =ak1; 
    m = size(arry);  
     n = size(arry1);  
     u =1; 
   c lear midni;  
   midni(1:300) = 0; 
     mix =midni;  
     u=0; 
     ux=0; 
     m 
     n 
 uintx(1:4,1:50) =0; 
  i f (m(2)>=n(2)) 
     for i  = 1:m(2) 
         for j  = 1:n(2) 
            u= u+1; 
             midni(u) = abs((arry(2, i )  -  arry1(2, j )))  + abs((arry(3, i )  -  arry1(3, j ))) ;  
             i f (  midni(u) <=5)  
              ux= ux+1;    
             mix(ux) = i ;  
             uintx(1:4,ux) = arry(1:4, i ) ;       
         end 
          
     end 
     end 
 end 
  
  
 u =0; 
 ux =0; 
 i f (n(2)>=m(2)) 
     c lear uintx;  
     for i  = 1:m(2) 
         for j  = 1:n(2) 
            u= u+1; 
             midni(u) = abs((arry(2, i )  -  arry1(2, j )))  +abs( (arry(3, i )  -  arry1(3, j ))) ;  
             i f (  midni(u) <=5)   
               ux= ux+1;    
             mix(ux) = j ;  
             uintx(1:4,ux) = arry1(1:4, j ) ;       
         end 
          
     end 
     end 
 end 
 
scalea = get(handles.sl ider5, 'value') ;  
image_fi lea = get(handles.edi t6, 'Str ing') ;  
or ima=imread(char(image_f i lea));  
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or ima = double(or ima); 
 
    [mi,  ni  ,  oi ]  =size(or ima); 
     
um(mi,ni) = 0;  
  jm(mi,ni)  =0; 
  km(mi,ni) =0; 
  p=orima; 
    for  i= 1:mi 
      for j  = 1:ni  
                 
          jm(i , j )  = p( i , j ) ;  
           
          i f ( jm(i , j )>scalea) 
               um(i, j )  = 255; 
               km(i, j )  =0; 
           else 
               um(i, j )  = 0;  
               km(i, j )  =255; 
           end 
      end   
  end 
  [nx,mx,wx] = size(uintx);  
  nimac =km; 
  f igure(3) 
  hold on; 
  imagesc(km); 
  colormap(gray) 
  
      for j  = 1:mx 
          plot(uintx(3, j) ,uintx(2, j) , ' r+ ')%   the c olor of the 
      end 
     
    scale = get(handles. intSl ider, 'value') ;  
image_f i le = get(handles. inEdit , 'Str ing') ;  
or im=imread(char(image_fi le));  
or im = double(or im); 
 
   [mic, nic ,  oic]  =size(orim);  
     
umc(mic,nic) = 0;  
  jmc(mic,nic) =0; 
  kmc(mic,nic) =0; 
  pc=orim; 
    for  ic= 1:mic 
      for jc = 1:nic 
                 
          jmc( ic, jc) = pc( ic, jc);  
           
          i f ( jmc(ic, jc)>scale) 
               umc(ic, jc) = 255; 
               kmc(ic, jc) =0; 
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           else 
               umc(ic, jc) = 0;  
               kmc(ic, jc) =255; 
           end 
      end   
      
  end 
  nimav =kmc; 
    f igure(4) 
  hold on; 
  imagesc(kmc);  
  colormap(gray) 
  
      for j  = 1:mx 
          plot(uintx(3, j) ,uintx(2, j) , ' r+ ')%   the c olor of the 
      end 
     
   
  uintx;  
     mix;  
 set(handles. l istbox3, 'Str ing' ,num2str(uintx)) ;  
 
 

 

 

 

 

 

 

 

 

 


