METHOD OF ANALYZI NG CELL STRUCTURES AND THEI R COMPONENTS Technical Field
The present invention relates to a nethod of analyzing cell structure that
i ncl udes virus norphol ogi es. 5 Background of |nvention Many efforts
have been made in the past to classify and anal yze cell structures that

i ncl ude viruses and other 10 conponents. Various inmage anal ysis nethods
have been devel oped to describe, segnent and classify viruses by using
avai | abl e i mage t echnol ogi es. For exanple cryo-el ectron mcroscopy has

b d but the struct £t dth il t
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and reliably. desgribecthe,cell conmponents to accurately determ ne the
maturity St&g@S”UF“?ﬁE“Cé%l conponents. This partly explains why the
previous anal ysi gneethiedsnhavevagtibeencyetys etbeet ineenhand dethefealivgiagneed
for nore effective nethods for analyzing cell and virus 20 particle

struct ures. cglimetyuofutevigmtt dmcludes vidle meiiodogieshe present

i nvention provides a solution to the above-outlined problens. Mre

particula?ly, the nethod 25 of the present invention is for analyzing cel

structures %pd their .co nents. A cell structure may be provided that
ckground o nvention

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 compecnents. A cell structure may be provided that



contains a plurality of virus particles. Afirst image of a first virus
particle and a second i mage of a second virus particle nmay be taken by
usi ng an electron mcroscopy technol ogy. 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 i nmages
are transforned to first and second gray scale profiles, respectively,
based on pixel data or other information fromthe imges. The first and
second gray soulank0appbhiidkls-iacd saved psriickas.and SéEshdinadHl At &,

respectively, Athird virus particle in a thjrd iq&ge ma tgen.m%
i dentified. fFheth Milrygs pageltie g &f SEHREY | P Tthir 8‘%?8 Ecale profile.
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determne a age o viTus particle. ef
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containing virus parficles; 20Fig. 2A is a mcroscope inage of a virus

vi rus parti dbeidg) ia Bi Fststatamitiyystsagge 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 ox 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;
20 Fig. 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. 23;
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



Fig. 2B is a schematic view of a gray scale profile of the virus particle
showmn in Fig. 2A; Fig. 3Ais a mcroscope inage of a virus virus particle
25 in a second maturity stage; Fig. 3Bis a schematic view of a gray scale
profile of the virus particle shown in Fig. 3A; Fig. 4Ais a m croscope

i mage of a virus virus particle in a third maturity stage; Fig. 4Bis a
schematic view of a gray scale profile of 5 the virus particle shown in
Fig. 4A. Detailed Description Wth reference to Figs. 1-4, the nmethod of

t he present , . .
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

S5 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. BAny 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 unigue 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 particulaxr virus particle.
In general, an image 12 may first be taken by a suitable
technique, such as transmission electron microscopy {(TEM), 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



10 invention relates to steps for analyzing cell structures that include
conponents such as virus particles. The analysis of virus particles is only
used as an illustrative exanple of the nmethod of the present invention and
the invention is not limted to virus particles. Any suitable conponent in
a 15 structure such as a cell may be anal yzed using the nethod. An

i nportant feature of the present invention is that different virus

particles prggggﬁggq%agfﬁgé%gggyg%¥g%%¥jhﬁﬁ%hiﬁgog$$@ or AisQe the various

Vi rus parti& i urity stages so that the present

met hod may nof.eaky P20 Jased i esdelerdiig tikertypesapfiMiamedianti cl es
but also the maturity stage of the particular virus particle. I n
general , anvimagepdz:ymed,i st shewhakerFly. @isuehdbhert enninfueixggch as
transm ssion electron mcroscopy (TEN), of a cell structure 14. The inage
may i ncl udepweickatlesr s 2hopar tincFes- 18 that are at various maturity

stages. For exanple, the virus particles be_cat egor,i |79
three or rore natfBfify &t é’@éﬁ‘lf:ﬁ@?uagn@ree:%/ no}laﬁia?’gyi %;g?%?ee&)\%! ?%g'g

particles, ag SO, ! RiQ 8My obRl SEIGAL A % 2l WS 1PBELL Chegne A% rshown 1 N

Fig. 3A an re matlure virus partic , as shown in Fig. 4A. 5The virus

particles 16;arec0ftefy, lideanly rdeharaesh akivig teheadiibisdpasitel es | ook
slightly like ellipses rather than circles. To be able to nake an accurate

radi al densipgiyrpief it eid tddssirdddier abke thatvithe vergdcpast fee es2 @ty
radially symretrical. Thus, the deformation has to be invertgd in 10 order
to achi eve shempesicabsulisahéhet ReLaRAIEAIY TGS TRePFr LBERTCFAvEhtion is
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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
2% particle structure. The rransformation to circular structures

is particularly useful when measuring the particle radius and



15 deformation and to make the inverse deformation. Every pixe
position in the old elliptic image is then transfornmed into the new i nage
to produce a picture where the virus particle structures are circular. Al
virus particle structures are preferably subject to this deformation 20
adj ustnment. As described below, the radially symetric virus particle
structure may be transforned to a gray-level profile. It nmay be used to

descri be th&hhst Eggﬁgg{r@ee%%)gorﬁc%h%%%%ggpat ﬁcq%aaggﬂgy-l evel at each distance

fromthe ceft&r center and out toWwards a periphery or shel

of the virus 25 papd 'felﬁci%u&%@zwr epidhet IaRSEORARE ke t 20 Cif qul ar
structures is particularl’y useful when measuring the particle radius and

t he thicknessilatitdey vifiis par birCepwal +iscal virusMpeetpaleiZhliar by ceFlg. 2A
shows an image 20 of a relatively immature or enpty viral virus particle 22
in a cell nockéassamt Mig. 2B shows |ts cuwesspsRdRagIgRay  tEelPplotfle 5

24 in a graph 25. It is also possible to develop mathematical, .al gorithmto
describe%ih§4vFPu§ PR A% sthfudfuf el iR &eoFOrSFVQE%poW? %ﬁ%%éggpe

profiles. Verab DNG, Moy pediaerted LIl he-orlhls SPRLELGLEs 2ndiial BRy

ldo
eventually_ﬁegefop rnto a mature virus particle with a dense DNA core, as
shown in Fige1l0ndAand-f scussedrbelons. viral DNaTREyVbeUSnpartddacl e 22

has a radius 26 that extends fromthe center 28 radially outwardly to a
center of tHetsheht watds 3Rraficllke29i thust payt ievkatusihzedenel o rudoparticle
22 ls 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.

20 Fig. 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.



virtually enmpty of virus conponents, the center portion is 15 alnbost white
whi ch shows as a high gray |evel 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
| ower gray |evel value on the right side of the graph 25 since the shel
area corresponds to the right side of the graph 25. 20Fi g. 3A shows an
image 32 of a virus particle 34 that is not fully mature. The virus

parti cle 34.gontaips an.addidiangloviralg RLotel nthat belps bdhe

packagi ng of vira 0o the virus particles Virus parti

may include etei Bol @yl st dhalr hheesigeof) the1vi busopaiid aligudd and
the thickness of the layers may be determned. Fig. 3B shows a
correspondi mgrgiayel evEle pricfdd er3Barhn aigy ajth i38 sholheawi a Usoquerticl e 34
has a radius 48 that extends froma center 50 to a center of a peripheral
shel | 52 of mipémpir 3 artticireofthe B atikd ot tder Khitfgringi 44 sHowhoys a

|l ocal mni.mm42_in the profile 36 ile th itering 44.is, showmn 5 as a
| ocal nax'nﬁﬁ136lPﬁa£kﬂ§ 1% 38. epfﬁégiéﬂ}ﬁg aﬁ etﬂ%g%RRPQﬁ e rings

and shell wahl, EFM be tg?é?ﬁfﬂ?%%e%n Ysﬁ@ﬁiy%%]ﬂg e b%eEiQEQrHEﬁ% gy ve of the
gray scale profiles.. Simlarly, Fig. 4A shows an 1mage 54 of a nore mature
virus parti ghe196iafnck e B Shows vhbeve abf aSRORFLRNIsBEAY profiles..
Similarly, Fig. 4A shows an image 54 of & more mature
virus particle 56 and Fig. 4B shows the corresponding gray
10 1level 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 1n 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 wvirus
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 & 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 wvarious maturity stages. In this way, the

virus production in a cell may be quantified by taking



10 I evel profile 58 in a graph 60. The virus particle 56 has a radius 62
that extends froma center 64 to a center of a peripheral shell wall 66 of
the virus particle 56. The white ring 68 is shown as a | ocal maxi num 70 in
the profile 58. An inportant feature of the method of the present 15
invention is that it is possible to create tenpl ates based on the gray
scale profiles to objectively describe the virus virus particles. The

tenpl ates may  be. crea by using mat hemati cal nethods al so. For exanple, a
tenpl at e na?gﬁétﬁﬁggdgﬁﬁ éﬁagggfage of the characteristics of many virus 20

particles that are jdy.dhe $apgiARIYI i domladae grihe1éeapl s 1By othen be
saved in a database and later be retrieved when it is tine to anal yze and

char act eri zennewhé GRS veeOkapArbic My usypaet cekesed Vireh tdwdusands of
i mages are taken, the tenplates may be used to cal cul ate the number of
virus 25 pafitiectisy dtheske pratiobes nat (@iacFroragesrogrPR N s Wy STERE® VI rus

duction i N b jfied by taking .additignal TEMi .
Vor . par 4 CHRAr FSOYEDPAPS BF Aoyl pror Eas LB o nt &I TN al 6 Vi FUS

particl es ey, be.GLeal ad and Used Lol 50Lidiv Ehanee pac tbelgs 1 el ectron

m crographs.””To Create the tenplate g profile, the center point

toget her wi LB,Lbhei /R QX kBl @a8i&8) Oofn thigcalis WF pAEt vChes nusttibeeknann. The
approximate size (radius) in pixels of the virus particle can be deduced

f rom knowi nget hedueghificoaknoriof the mamgd iaad ithecactiyal ingdse a8z ERBf t he
virus particle, or it can be marked in 10 the inage. K The center poi,nt of an
obj ect can Be&twal Kethawigsl Py bhef Bl tHﬂﬁ@Jret'e%ﬁl ) ec‘?fhﬁ%@ni“}?(j&ed ot

Prefera%ky’tggeimage. 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 deformation 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



center point is automatically chosen as the center of the ellipse after
def oi mati on adjustnent. As described above, the gray-level profile can be
visualized as a curve profile where 15 peaks in the curve represent bright
radi al 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 tegunentation of the virus

particle mhenéﬁﬁég$€§$%§ne§ts ?%gliﬁﬁéé$%¥%%i%%%o 5§§g%f©5¢:%§1t%rticle

forms. The pt- ness dirtec e image or

the profileds the.di TG tor 8l pESLRE M &I G WRee ghhai vhE Usi Parizvel €
begi ns and é%%?%lgfgd%ent In grnati%n about the grgfilé can be used to

solve this piepker Fheusd fiwnstregeadients measisesechew &he gr ayrdrevéhs
change along the curve. If the gray-levels nove fromdark to bright along
the profil emdfélgrhas entlagiadll maxiaupost thivelal uddeaggaficthe’igriaf®l evel s
nove frombright to dark the gradient wll hfve ne ati§§ al ues. vg%re

a

there i s ho chadge BeiafMess dhére chelprott b RESTE | et or
mnimm the orodieal w11 he 5,0  The LAl ckness afithe shellccald, hence

be described”as 't pixXel's ween the mninmumto the | oca
maxi mum i n the ghadi Mtne Yailehran ©hi§cid van Wy Lt iveasuyi ag where the
shel | begins and ends. To Tind these extreme points, the second gradient
(the gradi enteagfurthe ey adicenthedldr veyins @@l carldet.ed Toi Aidedath®ozal nmaxi num
or mnimumw || be zero in the gradi ent curve. In this way, gray |evel
profil es ar@xjasecapetntor thee seeepdviradiont t itdiegrafiengentrbted gray

| evel profile cyrves may be snoaqt hed by convol ution . w th. t uss
funct i on.ﬂg 1§rf‘l‘?ée85r9‘é’é‘¥@eﬁat°\/ic < af:ﬁé VPGS Harticl éna\%é’ P%ogp\c}ﬁr&sm%

particle shelly ,mpy be depi ghigd a5 AcUpl Leyv&el ative to the linear behavior
representing the overall virus "particle structure.

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 maximunm
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



The derivative of the function reaches a | ocal mninmum 20 where the
downward curve is the steepest which represent the start of the virus
particle wall. There is a | ocal maxi num where the upward curve is the

st eepest which represents the end or outside of the virus particle wall.
The | ocations of these |ocal extremes are found as the zero-crossings of
the 25 second derivative of the profile and the distance between the
extrenmes sepyerasithgmeasurenent of the width of the virus particle wall.
As di scussed above, the radius of a virus particle is calculated as the

di stance bet weenasheigeniserl ebotbe Whe usdiarst b€l @ andut heaoegntler iesf t he

virus particle wall. The 5 center of the virus particle wall may be
predi ct ed asatrElated memthgl destanenddainen Shvochalehrof iThe WHITSH is the
zero crossing of the 1st gradient of the snoothed curve. Anot her

i mpor t ant fggfgﬁgi?s&FiépgtﬁgnFﬁﬁg% H%@‘Hé“?a?@ﬁ?éﬁéfrﬁ%&%a.ngbr ti me and
new statistieaeat LPGIPLYLLLYLI0 BLAOGR O dliepll busapatdd desmmy be
conpared to the earflier Statistics of the number of Virus particles in the
various mat whihiyusteges ihhikSel §a@fs PaiddiHdBbrolt @Eeshidens e detus
particles have been subjected to an active chem cal substance such as a
sui t abl e pharmaséuyicalthsubst ameditot 161 bete ermagiderds tamdehow t he subst ance

affects the virus production in the virus particles. For exanple, an
exi sting or new 8RPStdncEPRAYaBE HRBEID Idettdrdi fBewhrRPeHAIRY & RESDI rus

production gr which maturity.stage,is affected.by ok gggqg% Y J he
subst ance. ggél?o?téggﬁ%ﬁé,¥%ﬂg %??J¥“§6§§ﬁﬂﬁ%ﬁﬁroaghgélx %alﬁr?{y st ages
and therg i §tA9e¥i &S HN i PEsT BHEE Do TB YW YbeSaABakbaMBY A& conaliuged that
t he pharnmaceutical substance prevents the virus from maturing beyond the
fourth mat ustayistage.offThaenetfiodr naf &l se hartsedetoideties maxgoss ch
maturity stage a new pharmaceutical should
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. I1f, 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



25 be designed to affect. It is also possible to identify new different
virus norphol ogi es and descri be how the new virus differs fromearlier
identified virus norphol ogi es. Anot her feature of the nmethod of the
present invention is that it is possible to renove certain proteins from
the virus 5 by using bio technical nethods, such as siRNA, and then

obj ectively determ ne how the renoval of the protein or proteins affect the

virus mor pholgghaudsLLSaferdRznand! 0g, 0EaY S6alA ROk keerFOF axampl e, a

phar maceuti ca ance nay be designed to prevent the formation of a

certain protgin ik kRehperMdd us ar nbepbroddgiéhe ef fects of such prevention
on the gray scale profile can be studied. The renoval of a certain protein
may prevent the wnoubefrOHeatathard ngef mehhoseo frathe ipysethgen venal dratier

maturity stage. The nmethod nmakes it possible to determ ne which maturity
stage i s af fldéttedthyst Resatp ke oy LMoVt AR bakR | RAATEA DS SFeRnthe Virugmi| e

t he presept inveqtiog.hﬁé q§%pagesc%%b8d inuccggrQ9§%§ﬁm%gg 9%§$erred
conposi t i onSYaiF*EF6HP nERTE LT PS5 Uhderst sod that ‘Certai n
MPosSI t 11 . ( ;
subst i tut| Oraﬁag%rac&i%lewraé&mr{mof&e tHBAgeh bl B1Or Wihoubtdepasting from
the spirit and 20 scope of the followng clainms. C ains:
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 4in 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.

10



1. A nethod of analyzing maturity stages of a virus, conprising:

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

i mge of a second viral particle of the type of virus;

characterizing the first viral particle as being in a first maturity stage
and the s&t@nmd:viral particle as being in a second maturity stage;
transformng the first image to a first linear gray scale profile
representing a radial density profile of the first viral particle going
froma center of the first viral particle radially outwardly towards a
peri pherytof t henethodbf palizingl reatutityastefesraraivgus,lvenpeisiopd | nage to a second
| inear gray scale profile; saving the first gray scale profile as a first
tenpl at e; savi pyvidhe sediomdtagriay agbakidy pfofal partidss af 3 gpend virentypat e;
identifying a third particle in a third imge; transformng the third inmage
into a third gtakngsclabiempgefof b dirst aingl particle anccasgranidngagdef 4 beégoddgiraly scal e
profile to the first and second tenplate to determne a maturity stage of
t he t hi r dpgdicieiod e, type2of vithve; met hod according to claim 1 wherein the nethod
further conprises subjecting the third particle to an active chem cal
subst ance. 3. cfEvectamtitpithedice oirdi pegtidie ag baingnirla fitse meiunity stegerendhtick f ur t her
conprises creating a fourth image of the third particle at a tine |later

t han a ti secoofl virblepactiobnad beingfn a hecankimatuiityatpge;

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 parﬁclie 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 particie.

2. The method according to claim 1 wherein the method further comprises subjecting

the third particie 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.

11



determining a maturity stage of the third particle. 5. The method
according to claim4 wherein the nethod further conprises determ ning an
effect of the chem cal substance on the third particle based on the
determ ned maturity stage. 6. The nmethod according to claim5 wherein the
met hod further conprises transformng the fourth image to a fourth gray

scal e prof4 | e tipeoRitesd hostdindRtBdim Nehélarm 1aé hettoddihdleccolesecal subst ance
on the third particle. 7. A nmethod of analyzing virus particles,

conpri si NgietePhitioth RAtAIPdHEAbT thy tafd pdriidks  parti cl es; taking a first
image of a first virus particle and a second i mage of a second virus
particle; characterizing the first virus particle as being in a

first mturity stage and the second virus particle as being in a second

mat urity stageThe method AdcdRSAPIONGIANG 4 Weerkintaé mamgefuttherecdmprises | | near gray
scale profile representing a radial density profile of the first viral

particl e geishginidgodn efeenitBe chémichesubbiagte vh itad thpaphiticleebasadioalitey out war dl y
towards a periphery of the viral particle; transform ng the second image to

a second geaympeaheat@itpbidge, identifying a third virus particle in a third
i mge; transformng the third image into a third linear gray scale
profile; and conmparing the third linear gray scale profile to the first and
second linear gray scale profiles to determne a nmaturity stage of the
third virgs parmhéelehod 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.
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8. The nmethod according to claim7 wherein the nmethod further conprises
determ ning a beginning and an end of a virus particle wall by taking
derivatives of the linear gray scale profile. 9. The nethod according to
claim7 wherein the method further conprises determ ning a beginning and an
end of a protein |layer by taking derivatives of the linear gray scale
profile. 810. The nagidiottcacar @icdigmt7ovedrainma mattexidunhdrivermesdrod f urt her
conprises renoving a protein fromthe virus particle and generating a

modi fi ed get@ymiamaleodRfirdfind #nd an end of a virus particle wall by taking derivatives of the

tinear 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 comptises removing

a protein from the virus particle and generating a modified gray scale profile.
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