
METHOD OF ANALYZING CELL STRUCTURES AND THEIR COMPONENTS Technical Field
The present invention relates to a method of analyzing cell structure that
includes virus morphologies. 5 Background of Invention        Many efforts
have been made in the past to classify and analyze cell structures that
include viruses and other 10 components. Various image analysis methods
have been developed to describe, segment and classify viruses by using
available image technologies. For example, cryo-electron microscopy has
been used but the structures of the cells and the virus particles are not
shown very well. It has also been 15 difficult to objectively, repeatedly
and reliably describe the cell components to accurately determine the
maturity stages of the cell components. This partly explains why the
previous analysis methods have not been very effective and there is a need
for more effective methods for analyzing cell and virus 20 particle
structures. Summary of Invention         The method of the present
invention provides a solution to the above-outlined problems. More
particularly, the method 25 of the present invention is for analyzing cell
structures and their components. A cell structure may be provided that 



contains a plurality of virus particles. A first image of a first virus
particle and a second image of a second virus particle may be taken by
using an electron microscopy technology. The first virus particle is
characterized as 5 being in a first maturity stage and the second virus
particle as being in a second maturity stage. The first and second images
are transformed to first and second gray scale profiles, respectively,
based on pixel data or other information from the images. The first and
second gray scale 10 profiles are saved as first and second templates,
respectively. A third virus particle in a third image may then be
identified. The third image is transformed into a third gray scale profile.
The third gray scale is compared to the first and second template to
determine a maturity stage of 15 the third virus particle. Brief
Description of Drawing Fig. 1 is a schematic view of a cell nucleus
containing virus particles; 20Fig. 2A is a microscope image of a virus
virus particle in a first maturity stage; 



Fig. 2B is a schematic view of a gray scale profile of the virus particle
shown in Fig. 2A; Fig. 3A is a microscope image of a virus virus particle
25 in a second maturity stage; Fig. 3B is a schematic view of a gray scale
profile of  the virus particle shown in Fig. 3A; Fig. 4A is a microscope
image of a virus virus particle in a third maturity stage; Fig. 4B is a
schematic view of a gray scale profile of 5 the virus particle shown in
Fig. 4A. Detailed Description With reference to Figs. 1-4, the method of
the present 



10 invention relates to steps for analyzing cell structures that include
components such as virus particles. The analysis of virus particles is only
used as an illustrative example of the method of the present invention and
the invention is not limited to virus particles. Any suitable component in
a 15 structure such as a cell may be analyzed using the method. An
important feature of the present invention is that different virus
particles produce unique graphs or gray level profiles.  Also, the various
virus particles may be in different maturity stages so that the present
method may not only be 20 used to determine the types of virus particles
but also the maturity stage of the particular virus particle.       In
general, an image 12 may first be taken by a suitable technique, such as
transmission electron microscopy (TEN), of a cell structure 14. The image
may include viral virus 25 particles 16 that are at various maturity
stages. For example, the virus particles may be categorized as being in
three or more maturity stages including empty or quite immature virus
particles, as shown in Fig. 2A, intermediary virus particles, as shown in
Fig. 3A, and more mature virus particles, as shown in Fig. 4A. 5The virus
particles 16 are often linearly deformed making the virus particles look
slightly like ellipses rather than circles. To be able to make an accurate
radial density profile it is desirable that the virus particles are
radially symmetrical. Thus, the deformation has to be inverted in 10 order
to achieve the best results when the analysis of the present invention is
performed. This may be done by fitting an ellipse to the viral virus
particle which is assumed to be approximately circular. The principal radii
and the orientation of the ellipse may be used to determine the 



15 deformation and to make the inverse deformation.       Every pixel
position in the old elliptic image is then transformed into the new image
to produce a picture where the virus particle structures are circular. All
virus particle structures are preferably subject to this deformation 20
adjustment. As described below, the radially symmetric virus particle
structure may be transformed to a gray-level profile.  It may be used to
describe the structure by calculating the mean gray-level at each distance
from the center going from the center and out towards a periphery or shell
of the virus 25 particle structure. The transformation to circular
structures is particularly useful when measuring the particle radius and
the thickness of the virus particle walls.       More particularly, Fig. 2A
shows an image 20 of a relatively immature or empty viral virus particle 22
in a cell nucleus and Fig. 2B shows its corresponding gray level profile 5
24 in a graph 25. It is also possible to develop mathematical algorithm to
describe the virus particle structures instead of relying on gray scale
profiles. Viral DNA may be inserted into the virus particle 22 that may
eventually develop into a mature virus particle with a dense DNA core, as
shown in Fig. 10 4A and discussed below.           The virus particle 22
has a radius 26 that extends from the center 28 radially outwardly to a
center of the shell wall 30 of the virus particle. Since the virus particle
22 is 



virtually empty of virus components, the center portion is 15 almost white
which shows as a high gray level value of the profile 24 on the left side
of the graph 25. The shell 30 is darker so the profile 24 has a gradually
lower gray level value on the right side of the graph 25 since the shell
area corresponds to the right side of the graph 25. 20Fig. 3A shows an
image 32 of a virus particle 34 that is not fully mature. The virus
particle 34 contains an additional viral protein that helps in the
packaging of viral DNA into the virus particles. The virus particle walls
may include protein layers so that the size of the virus particle 25 and
the thickness of the layers may be determined. Fig. 3B shows a
corresponding gray level profile 36 in a graph 38.  The virus particle 34
has a radius 48 that extends from a center 50 to a center of a peripheral
shell 52 of the virus particle. The black or dark ring 40 is shown as a
local minimum 42 in the profile 36 while the white ring 44 is shown 5 as a
local maximum 46 in the profile 36. The beginning and the end of the rings
and shell wall may be determined by analyzing the second derivative of the
gray scale profiles.. Similarly, Fig. 4A shows an image 54 of a more mature
virus particle 56 and Fig. 4B shows the corresponding gray 



10 level profile 58 in a graph 60. The virus particle 56 has a radius 62
that extends from a center 64 to a center of a peripheral shell wall 66 of
the virus particle 56. The white ring 68 is shown as a local maximum 70 in
the profile 58. An important feature of the method of the present 15
invention is that it is possible to create templates based on the gray
scale profiles to objectively describe the virus virus particles. The
templates may be created by using mathematical methods also. For example, a
template may be based on an average of the characteristics of many virus 20
particles that are in the same maturity stage. The templates may then be
saved in a database and later be retrieved when it is time to analyze and
characterize new images containing virus particles. When thousands of
images are taken, the templates may be used to calculate the number of
virus 25 particles at the various maturity stages. In this way, the virus
production in a cell may be quantified by taking  additional TEM images.
More particularly, template gray level profiles of intermediate virus
particles may be created and used to identify these particles in electron
micrographs. To create 5 the template gray profile, the center point
together with the approximate size of the virus particle must be known. The
approximate size (radius) in pixels of the virus particle can be deduced
from knowing the magnification of the image and the actual true size of the
virus particle, or it can be marked in 10 the image. The center point of an
object can be marked manually or found through template matching.
Preferably, the 



center point is automatically chosen as the center of the ellipse after
defoimation adjustment. As described above, the gray-level profile can be
visualized as a curve profile where 15 peaks in the curve represent bright
radial regions and valleys represent dark radial regions.           The
width of certain radial features, such as the virus particle shell, can
give information regarding the extent of tegumentation of the virus
particle when 20 measurements are applied to cytoplasmic virus particle
forms. The problem with measuring this thickness directly from the image or
the profile is the difficulty of determining where the virus particle
begins and ends. Gradient information about the profile can be used to
solve this problem. The 25 first gradient measures how the gray-levels
change along the curve. If the gray-levels move from dark to bright along
the  profile the gradient will have positive values and if the gray-levels
move from bright to dark the gradient will have negative values. Where
there is no change at all or where the profile has a local maximum or
minimum, the gradient will be 5 0. The thickness of the shell could, hence,
be described as the number of pixels between the local minimum to the local
maximum in the gradient. This is an objective way of measuring where the
shell begins and ends. To find these extreme points, the second gradient
(the gradient of the 10 gradient curve) is calculated since a local maximum
or minimum will be zero in the gradient curve.      In this way, gray level
profiles are generated for the many virus particles. The generated gray
level profile curves may be smoothed by convolution with a standard Gauss
function. 15 The curves behavior at the virus particle wall or virus
particle shell may be depicted as a valley relative to the linear behavior
representing the overall virus particle structure. 



The derivative of the function reaches a local minimum 20 where the
downward curve is the steepest which represent the start of the virus
particle wall. There is a local maximum where the upward curve is the
steepest which represents the end or outside of the virus particle wall.
The locations of these local extremes are found as the zero-crossings of
the 25 second derivative of the profile and the distance between the
extremes serve as the measurement of the width of the virus  particle wall.
As discussed above, the radius of a virus particle is calculated as the
distance between the center of the virus particle and the center of the
virus particle wall. The 5 center of the virus particle wall may be
predicted as the minimum value in the Gauss smoothed profile which is the
zero crossing of the 1st gradient of the smoothed curve.       Another
important feature is that the images may be taken again at a later time and
new statistics of the maturity 10 stages of the virus particles may be
compared to the earlier statistics of the number of virus particles in the
various maturity stages. This is of particular interest when the virus
particles have been subjected to an active chemical substance such as a
suitable pharmaceutical substance to 15 better understand how the substance
affects the virus production in the virus particles. For example, an
existing or new substance may be used to determine which part of the virus
production or which maturity stage is affected by or stopped by the
substance. If, for example, the virus goes 20 through six maturity stages
and there is no virus in the fourth maturity stage it may be concluded that
the pharmaceutical substance prevents the virus from maturing beyond the
fourth maturity stage. The method may also be used to determine which
maturity stage a new pharmaceutical should 



25 be designed to affect. It is also possible to identify new different
virus  morphologies and describe how the new virus differs from earlier
identified virus morphologies.       Another feature of the method of the
present invention is that it is possible to remove certain proteins from
the virus 5 by using bio technical methods, such as siRNA, and then
objectively determine how the removal of the protein or proteins affect the
virus morphology and its corresponding gray scale profile. For example, a
pharmaceutical substance may be designed to prevent the formation of a
certain protein 10 in the virus particle and the effects of such prevention
on the gray scale profile can be studied. The removal of a certain protein
may prevent the virus from advancing from one maturity stage to a later
maturity stage. The method makes it possible to determine which maturity
stage is affected by the 15 removal of the particular protein.       While
the present invention has been described in accordance with preferred
compositions and embodiments, it is to be understood that certain
substitutions and alterations may be made thereto without departing from
the spirit and 20 scope of the following claims.  Claims: 



1. A method of analyzing maturity stages of a virus, comprising:
providing a cell containing a plurality of viral particles of a type of
virus type; taking a first image of a first viral particle and a second
image of a second viral particle of the type of virus;
characterizing the first viral particle as being in a first maturity stage
and the second viral particle as being in a second maturity stage;
transforming the first image to a first linear gray scale profile
representing a radial density profile of the first viral particle going
from a center of the first viral particle radially outwardly towards a
periphery of the viral particle; transforming the second image to a second
linear gray scale profile; saving the first gray scale profile as a first
template; saving the second gray scale profile as a second template;
identifying a third particle in a third image; transforming the third image
into a third gray scale profile; and        comparing the third gray scale
profile to the first and second template to determine a maturity stage of
the third particle.  2. The method according to claim 1 wherein the method
further comprises subjecting the third particle to an active chemical
substance.  3. The method according to claim 1 wherein the method further
comprises creating a fourth image of the third particle at a time later
than a time of the creation of the third image.  



determining a maturity stage of the third particle.  5. The method
according to claim 4 wherein the method further comprises determining an
effect of the chemical substance on the third particle based on the
determined maturity stage.  6. The method according to claim 5 wherein the
method further comprises transforming the fourth image to a fourth gray
scale profile to objectively determine the effect of the chemical substance
on the third particle.  7. A method of analyzing virus particles,
comprising: providing a plurality of virus particles;        taking a first
image of a first virus particle and a second image of a second virus
particle;        characterizing the first virus particle as being in a
first maturity stage and the second virus particle as being in a second
maturity stage;        transforming the first image to a first linear gray
scale profile representing a radial density profile of the first viral
particle going from a center of the first viral particle radially outwardly
towards a periphery of the viral particle; transforming the second image to
a second gray scale profile; identifying a third virus particle in a third
image;    transforming the third image into a third linear gray scale
profile; and comparing the third linear gray scale profile to the first and
second linear gray scale profiles to determine a maturity stage of the
third virus particle.  



8. The method according to claim 7 wherein the method further comprises
determining a beginning and an end of a virus particle wall by taking
derivatives of the linear gray scale profile.  9. The method according to
claim 7 wherein the method further comprises determining a beginning and an
end of a protein layer by taking derivatives of the linear gray scale
profile.  10. The method according to claim 7 wherein the method further
comprises removing a protein from the virus particle and generating a
modified gray scale profile. 


