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Summary: The human immunodeficiency virus (HIV) is a virus that causes HIV 
infection and can lead to acquired immunodeficiency syndrome (AIDS). HIV 
infects cells of the immune system – especially those, which are responsible for 
the activation of immune response. Every year a huge amount of people die due to 
diseases that would not be fatal if their immune system was working properly. 
Scientists from every country want to create an effective drug that helps to cure 
the infection and prevent development of AIDS. It is necessary to learn everything 
about HIV to create a drug that will help to save a lot of lives. There is a lot of 
information discovered by now but also there are some things that remain 
unknown and should be revealed. One of the most important enzymes for HIV is 
reverse transcriptase (RT). Thanks to this enzyme virus can re-write its genetic 
material from RNA (ribonucleic acid) to more stable cDNA (complementary 
DNA). Finding out the requirements for proper work of RT will help to block and 
stop the enzyme. A good way to study RT is to observe it under a laser 
microscope. Laser microscope allows observing single molecules. It is possible to 
see how RT works with different lengths of DNA (deoxyribonucleic acid) 
constructs and how does obstacles effect the activity of RT. Results from 
microscope observations can be analysed using MATLAB software. Special 
scripts are necessary to analyse binding events and how long they last. 
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1. INTRODUCTION 

The human immunodeficiency virus (also known as HIV) is responsible for HIV 
infection and development of acquired immunodeficiency syndrome (AIDS). HIV virus 
is a lentivirus (subgroup of retroviruses) and contains RNA as genetic material. HIV 
virus is divided to two types: HIV-1 and HIV-2. Those two types differ between 
virulence, infectivity and prevalence. HIV-1 type is more virulent and infective than 
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To be able to run this experiment it is necessary to prepare a sample in a proper 
way. Glass slide, which is usually used in microscope observations, was modified this 
time. To create the flow cells 5 holes was drilled on the longer edges of a slide. A glass 
slide prepared this way was then covered with polyethylene glycol (PEG) and stored in 
a temperature of -86ºC. Before being used in an experiment the slide was covered with 
PEG one more time for about an hour. Then the slide was washed with distilled water 
and then dried. Double-sided tape was stuck between the drilled holes and after that a 
cover glass was put on top of it. Last part was to seal the edges with glue to prevent 
leaking. After the glue has dried, the glass slide was ready for further stages of analysis. 

 

Fig. 6.  Glass slide preparation steps: a) drilling holes in glass slide, b) sticking tape and putting 
on cover glass, c) sealing the edges with glue 

In the experiment there was used a linkage between biotin and streptavidin. It is 
the strongest binding naturally occurring. The strength of this bond is influenced by a 
few factors, like high complementarity of shapes between so called pocket of 
streptavidin and biotin. There is also a very extensively network of hydrogen bonds, 
which stabilizes biotin, when it is in an appropriate position to bind with streptavidin. 
The “pocket” for biotin has a hydrophobic character (it does not like water). 
Hydrophobic interactions and the van der Waals bonds, which are also present in there, 
contribute to the high affinity of biotin and streptavidin. The last thing that should be 
mentioned in here is an elastic loop, which closes bonded biotin in the “pocket” and 
thereby contributes to slowing the dissociation. Because of the strength of binding of 
biotin to streptavidin or avidin, it is used in various fields of molecular biology (during 
Roche454 sequencing technology), in microbiology and immunology (enzyme-linked 
immunosorbent assay (ELISA)) to increase the sensitivity of detection [12, 13]. 

In the experiment the DNA sample was used because of its less demanding 
requirements of storage and usage. Template was 63 bp (base pairs) long. Primer was 40 
nt (nucleotides) long (38 nt complementary and 2 nt non-complementary flap). We 
tested the activity of RT in various constructs – to described basis and primer we 
attached constructs in which 15 nucleotides was paired (complementary) and 3, 6, 9, 14 
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The preparation was placed under the laser microscope. Properly written scripts in 
LabView software allowed alternately irradiation with the green and red laser and recording 
the movie. A highly sensitive, monochrome CCD digital camera was used to save images. It 
used the active cooling system. This type of cameras is dedicated to work in the field of cell 
biology that requires short exposure times (fluorescence). Movie consisted of a series of 
photos made with CCD camera each 0.1 sec for around 210 sec. To correlate the molecules 
that were irradiated with various laser colours, a mapping function was used. Mapping 
allowed to match and merger molecules from two screens (Fig. 9). Then there was selected 
area, from which molecules were chosen for the next stages of analysis. For this purpose was 
used ImageJ software (Image Processing and Analysis in Java) [14]. Molecules that were on 
edges have been removed from further analysis to avoid false results. ImageJ software 
chooses the local maxima depending on determined noise tolerance. Position of these 
molecules was presented in Cartesian – each molecule had X and Y coordinate (Fig. 10). 
Then those coordinates was saved as a list in “*.txt” file. The next stage was extraction of the 
data in MATLAB software.  

Listing 1 Load values for the coordinates of the txt file 

Data are processed in three MATLAB files. First of them is responsible for pre-
processing data. Listing 1 shows only the most important lines of code, how to import 
data for appropriate channels.  

Afterwards it is necessary to obtain coordinates in green channel. Coordinates are 
calculated from mapping and peaks of the red channel. Code showed on Linsting 2  is 
responsible for create three matrixes needed to obtain coordinates in green channel. In 
two of them (p_r_x & p_r_y) are stored data corresponding to coordinates in red 
channel. In 3rd matrix  are calculated  data to 4th order polynomial.  

% Obtain the coordinates in green channel from mapping and 
peaks from red channel 
for i=1:length(Cy5Xcoordinate) 
  if Cy5Xcoordinate(i)>0 
    p_r_x(k)=Cy5Xcoordinate(i); 
    p_r_y(k)=Cy5ycoordinate(i)-256;      

%4th order polynomial 
  args(k,:)=[1 p_r_x(k) p_r_y(k) p_r_x(k)*p_r_y(k) p_r_x(k)^2 
p_r_y(k)^2 p_r_y(k)*p_r_x(k)^2 p_r_x(k)*p_r_y(k)^2 p_r_x(k)^3 
p_r_y(k)^3 p_r_x(k)^3*p_r_y(k) p_r_x(k)^2*p_r_y(k)^2 
p_r_x(k)*p_r_y(k)^3 p_r_x(k)^4 p_r_y(k)^4]; 
    k=k+1; 
  end 
end 

Listing 2 Matrixes storing data for the green channel 

% Import data from file ‘txt’ 
PeaksFileName = dir('*.txt'); 
Peak=importdata(PeaksFileName(1,1).name); 
Cy5Xcoordinate=Peak.data(:,2)+1; 
Cy5ycoordinate=Peak.data(:,3)+1; 
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Then in the decision process are calculated coordinates for the green channel, 
depending on the level of the red channel (listing 3). 

for i=1:length(args(:,1)) 
    %the transformation type is polynamial 
    if p_r_x(1,i)<=140 
        p_g_x(i,:)=args(i,:)*mytform1.tdata(:,1); 
        p_g_y(i,:)=args(i,:)*mytform1.tdata(:,2); 
    elseif p_r_x(1,i)>140 & p_r_x(1,i)<=370 
        p_g_x(i,:)=args(i,:)*mytform2.tdata(:,1); 
        p_g_y(i,:)=args(i,:)*mytform2.tdata(:,2); 
    elseif p_r_x(1,i)>370 
        p_g_x(i,:)=args(i,:)*mytform3.tdata(:,1); 
        p_g_y(i,:)=args(i,:)*mytform3.tdata(:,2); 
    end     

end 

Listing 3 Calculating data for the green channel 

Next the data are aggregated and regions of interest are saved in to file (listing 4) 

FnamaGreen=[fname 'GreenRegionsOfInterest' num2str(l) '.mat']; 
save(FnamaGreen,'GreenRegionOfInterest','-mat') % saves all 
the extracted green regions of interests 
FnamaRed=[fname 'RedRegionsOfInterest' num2str(l) '.mat']; 
save(FnamaRed,'RedRegionOfInterest','-mat')% saves all the 
extracted red regions of interests 

Listing 4 Save the selected regions to files 

Next file contain the code which is reduce level of noise in an image. Algorithm 
import pre-prepared data and process them to reduce level of noise. Code shown on 
listing 5 is responsible for calculate level of threshold which is used to decide is whether 
the data or noise. The process of reduce noise in green channel is performed similarly. 

%Detecting the threshold for red trace background correction 
    STR=sort(tr_r); 
    
pri=polyfit(1:round(3/4*length(tr_r)),STR(1:round(3/4*length(t
r_r)))',1); 
    
pre=polyfit(1+round(3/4*length(tr_r)):length(tr_r),STR(1+round
(3/4*length(tr_r)):length(tr_r))',1); 
    RedThreInd=round((pre(2)-pri(2))/(pri(1)-pre(1))); 
    if RedThreInd<numel(STR)&& RedThreInd>0 
        RedThre=STR(RedThreInd); 
    else% RedThre>150 
        RedThre=35; 
    end 

Listing 5 Process to reduce noise in red channel 
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Last step is to display all processed data on plot to compare and analyse them. 
Responsible for this  is code shown on listing 6. Presented code is used to set limit of 
axis, colours of bar, method display data etc. 

figure() 
h=bar(g,prob,1,'b','EdgeColor','k'); 
set(gca,'FontSize',18,'LineWidth',3) 
set(h,'FaceColor',[0.75 0.75 0])  
xlim([-0.20 1.25]) %set limit on X axis 
  
hold on 
[fo,gof]=fit(g',prob','gauss2','startpoint',[0.025, 0.25, 0.2, 
0.021,1,0.4]) 
hold on 
plot(-0.2:0.01:1.3,fo(-0.2:0.01:1.3)','color',[0 0 0], 
'linewidth',2.5) 
xlabel('FRET','fontweight','b','fontsize',22) 
ylabel('Fraction','fontweight','b','fontsize',22) 
title('63/38+2/15nt DNA', 'fontweight','b','fontsize',16) 
RatioOfFretAreas=sum(fo(-0.2:0.005:0.68))/ 
sum(fo(0.68:0.005:1.2)) 

Listing 6 Chart of analysed data 

During this stage the results of a single molecule was saved. We observed if there 
occurred the binding of RT with DNA construct (Fig. 8). The selection of molecules 
was made manually. The DNA construct was labelled with Cy-5. The red colour was 
showing the signal emitted by excited with the laser dye Cy-5. The green fluorescence 
comes from the reverse transcriptase which was labelled with Cy-3. There is a binding 
event if on the analysed image is a significant (distinctive from the background) 
increase of the red signal or increase of both red and green signals simultaneously. If 
there is increase of the green fluorescence without red signal, there is no binding event – 
these signals should be removed with the help of proper scripts in MATLAB.[3] On this 
stage it is important to remove the background „noise” and false results, which were 
generated by RT that was not tied with the DNA. After removing of all noises, there are 
only binding events on the screen. Then the results were subjected to statistical analysis 
(Gaussian distribution). Thanks to the results it is possible to learn e.g.: how many 
binding events is in a single molecule during the checked time, how long they last and it 
is possible to compare the activity of RT in different conditions by changing the 
reaction mix (for example the concentration of sodium chloride (NaCl)). 
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CZY MATLAB MOŻE POMÓC WYLECZYĆ HIV? 

Streszczenie 

Infekcja wywołana ludzkim wirusem niedoboru odporności (HIV) może 
prowadzić do zespołu nabytego niedoboru odporności (AIDS). Wirus HIV 
infekuje komórki układu odpornościowego – zwłaszcza te, które odpowiedzialne 
są za aktywację odpowiedzi immunologicznej. Każdego roku wiele osób umiera  
z powodu chorób, które w wypadku prawidłowego działania układu 
odpornościowego nie byłyby śmiertelne. Aktualnie naukowcy próbują opracować 
skuteczny lek, który pomoże leczyć infekcję wirusem HIV i będzie zapobiegać 
rozwojowi AIDS. Aby to osiągnąć konieczne jest jak najlepsze poznanie 
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cząsteczki wirusa HIV i sposobu jego działania. Do dnia dzisiejszego odkryto 
wiele informacji o wirusie HIV, jednak wiele jego właściwości pozostaje 
nieznane. Jednym z niezbędnych enzymów wirusa HIV jest odwrotna 
transkryptaza (RT). Dzięki temu enzymowi wirus może przepisać swój materiał 
genetyczny z RNA na bardziej stabilne cDNA (ang. complementary DNA). 
Poznanie warunków, w których działa odwrotna transkryptaza pomoże 
zablokować jej aktywność. Dobrym sposobem na poznanie tego enzymu jest jego 
obserwacja pod mikroskopem laserowym. Mikroskop laserowy umożliwia 
obserwację pojedynczych cząstek. Możliwa staje się obserwacja reakcji RT  
z konstruktami DNA o różnej długości. Wyniki otrzymane z obserwacji pod 
mikroskopem mogą być analizowane za pomocą programu MATLAB. W tym 
celu konieczne jest napisanie odpowiednich skryptów, które pozwolą na dokładną 
analizę aktywności odwrotnej transkryptazy.  

Słowa kluczowe: HIV, odwrotna transkryptaza, FRET, obliczenia w MATLABie 

 

 

 


