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 Invention Many efforts have
been nade in the past to classify and analyze cell structures that include
viruses and other 10 conponents. Various image anal ysis nmethods have been
devel oped to descri be, segnent and classify viruses by using available

i mge technol ogi es. For exanple, cryo-electron mcroscopy has been used
but the stwErier ewr eivrilyeIve| CBLIMRIRUCTEREST H8D PEHE IR | GMPONENESt shown very
well. It has also been 15 difficult to objectively, repeatedly and reliably
descri be tHechritdl ddgddnents to accurately determine the maturity stages

f th |l ts. Thi 1l | ai why th ' | ysi
met hods have not 'beRHEVAHy BRTELTIVe ST Tert® i3 45 Psd fof AOFENY
effective HEiDOQ&JcPJuf%Q%X%i gxgcgl?tﬁéts NGyl kdsphePopdd i cl e structures.

Summary of Invention net h he present 1 nvention provides a
solutiom to the above-outlined problens. Mre particularly, the method 25
of the present invention is for analyzing cell structures and their

conponent sBagkarpinditqiudnueatimy be provided that 1

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

thelr components. A cell structure may be provided that



contains a plurality of virus particles. Afirst imge of a first virus
particle and a second i mage 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 i nages
are transforned to first and second gray scale profiles, respectively,
based on pi i.af i fir t hepi pPRESS. im fJer st and
second gr agéﬁ%gﬂiﬁ %%%ru%ﬁﬁﬁgg g?e{?ga%ée a;leCiqr@gt and second-E{a%rrpl at es,
respectivelyyrs® §hiudg pdrtisipabhiich esédvral tihiaged biingeseamynd tshemsbe
identified. The third image is transformed into a third gray scale
profile. Therthtted mrayescalkeni by conpar ah tod-ectlenf Pt SECHPPSecond tenpl ate
to determine a maturity stage of 15 the t,hird.virgs ggééiczleed Brief

Descri pti ofe6POFAH ng Ficy T1F 55 VAT SR HeHTI ¢ Svitw BR 2" ceft

Cc nucl eus
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virus pa ticle Ina first maturity stage; Fig. 2Bis a Schenatlc VI¢m10f a
gray scal e prgbihg of a theoudr wstparty CdeadowThien fEirgt 2Ad ddgnBA is a
m croscope image of a virus virus particle 25 in a second maturity stage;
Fig. 3B is imageheantitcranssfiwrokdatgr yrscael peobinegofly 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 thirxd virus particle.

Brief Description of Drawing

Fig. 1 is a schematic view of a cell nuclieus containing
virus particles;
20 Fi@. 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



2 the virus particle shown in Fig. 3A; Fig. 4Ais a mcroscope image of a
virus virus particle in a third mturity stage; Fig. 4Bis a schematic
view of a gray scale profile of 5 the virus particle shown in Fig. 4A
Detail ed Description Wth reference to Figs. 1-4, the nethod of the present
10 invention relates to steps for analyzing cell structures that include
conponents such as virus particles. The analysis of wvirus particles is
only used as an illustrative exanple of the nethod of the present

invention apd {he,d enticar keokAtinl F1GI &h;to virus particles. Any

sui tabl e conponent in a 15 structure such as a cell may be analyzed using
the nethod. An rFigpota ant of edtupecopet heagy axfent viimvantiens kpitHale
different virus particles produce unique graphs or gray level profiles.
Al so, the varpotBivd metyFditi éfégemy be in different maturity stages so

that the present metfiod may not gnly be., 20 usedLoodgigrpioe ihed ypes of

Vi rus particlest%t & ﬁ&?urlty St age of” tHe particular virus

particles lp.genenal .o AN dGe AR HRYFLil Sinbe taken by a suitable
t echni que, such as transm ssion electron m croscopy (TEM, of a cel

structure 14. The imge may include viral virus 25 particles 16 that are at
various maturity stages. For exanple, the virus particles may be

cat egori zedeasibetingegeription
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 alsoc the
maturity stage of the particular virus particle.
Tn 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



3 three or nore maturity stages including enpty or quite immture virus
particles, as shown in Fig. 2A internediary virus particles, as shown in
Fig. 3A, and nore mature virus particles, as shown in Fig. 4A. 5 The virus
particles 16 are often linearly deforned making the virus particles |ook
slightly Iike ellipses rather than circles. To be able to make an accurate
radi al density profile it is desirable that the virus particles are

radial |y syreretsd calre Fatsrithesdefer dacilodihgsenptbePd Wbeited in 10 order
to achieve the best results when the anal ysi,s of th?% present i.nvention is

1

per f or med. 1Az SRy IFESdBRETHG L $F4 t1hg oMt &Pl Fpde HESHER A0 us

particle whiche i 5, ASSHIRG Lo Do 8PAM QUJTRLE! Y o6k ik 8MmarThe. Rikiel pal

radii and VhE*orientation 6 e el may ‘be Used to deternine the 15

def or mat i og, apgd-10; make shheni aMersg. dgformation. Every pixel position in
the old elTiptic image is then transformed into the new i mage to produce a
pi cture swhere thiee wirus ppattictee 6 ract wigsnadénchrtvl defommgd wakisy

particle structures are preferably subject to this deforrﬂii on .20
adj ust nent thasv thest rardd Besoneok hdl tetfi gl 1y key AbEPPES vid U r B%L“raﬂ cle

descri be- t FOLSLTat o iy “BaFctP Pt i The GriA ar 70 2hel™H ehh di st ance
from the cenies; 0ot d [l hBEeCeRherRid Qs LAWRLESea Aps Lfinldnigr shel
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



25 particle structure. The transformation to circular structures is
particul arly useful when neasuring the particle radius and 4 the thickness
of the virus particle walls. Mre particularly, Fig. 2A shows an i mage 20
of a relatively immture or enpty viral virus particle 22 in a cel

nucl eus and Fig. 2B shows its corresponding gray level profile 5 24 in a
graph 25. It is also possible to devel op mathenmatical algorithmto
descri be ttiee vitriusknpast b€l hstriusturestinseeadlbf. relying on gray scale

profiles. Viral DNA may be_ inserted into the virusgggr&}cle 22 that may
eventual |y deveélfwp iPREsigulaatr €331 ¢& BAPYF cPR WA £ Wéisé DNA core, as

shown in Fi 10 -4A .and._di scussed .hel T LT altd cle ;22.hag; a
radi us 26 f%:ra?t]evﬁlé’négma?:%% e ce tg(ri\g?é pgﬁ‘}{%lﬁr%ut V\G/!ardli to a center

of the shell.1 Ml |30 roh .t BB ¥hduws iRA LhekespShacey theawirdvelparbicie 22 is
virtually enmpty of virus conponents, the center portion is 15 alnost white

whi ch shiowss asn & hirglphgray | evels valaue pokstheée peodévelopt merihenetiedt side

of the graph 25. The shell 30 is darker so the profile 24 has a gradually

| over grayalewelthw doulesarihe Figitiwisdpastiche gFapt U silncécefeCsnel |

orea, Sormesponds 4o Lhe 1LY Sl o, {0, SUPIES £ b IRaone an
particle 34 containg an addiLions) Misdkapr ebehbulde) daldsgd Ankbea
packagi ng of V|réﬁ P

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 contalns 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.



DNA into the virus particles. The virus particle walls may include protein
| ayers so that the size of the virus particle 25 and the thickness of the

| ayers may be determ ned. Fig. 3B shows a corresponding gray |evel profile
36 in a graph 38. 5 The virus particle 34 has a radius 48 that extends
froma 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 mninum42 in the
profile 36Thhi veruheantiirder BAghad 4 srashiown 48 &bah eoeatdseliarum 46 in the
profile 36. The and the end of the rln s and wal | may be

be
deternlnedCBQtehH%?;;F%SCﬁﬁée§e€Bnﬁ RFFIRMT v e SHF %h%zgﬁiyﬁg%éW§”ﬁroflles
Simarly, sbifiefd S%Véﬁbagcwggedéﬁcogmaglg%rﬁsgghgmfI%/ us,qarticle 56

and Fig. 4B*Shofis™ t he correspondi ng | ev I'n a graph 60.

The virus RanihGheH6Masea raﬁﬂwssézqrtﬂaat @t ﬁﬁﬁ!@efmﬁ@amqrst @hobét to a
center of a peripheral sheF 66 of the virus particle 56. The white

ring 68 3 sashawho@sl anaxdaaln Frﬁxnmrma(pndfﬂume 3pr. of The 15&yirAnirgmpadt ant
feature of the nethod of the present 15 invention is that it is possible to
create tenﬁhat@%dbé%édmbﬁlngﬁeagﬁaﬁh%%hﬂﬁﬂﬁ{6ﬁWI@@ ﬂ%t%ﬁw%ﬁﬂqGﬁdy descri be

the virus aagsﬂggr%gf es. hg qﬁgs be create qg() g
mat hemat i caf*@mét &P “BkA %%Fé | F8Y R b% PHASES oh an
average of the Chaiagherhishi 6540f 4amoVd 145 12RgRaGH ekeé hAd (@i&den the
sanme maturity stage. The tenplates
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 wvirus 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 dnvention is that it 1s 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 guantified by taking



may then be saved in a database and |later be retrieved when it is tine to
anal yze and characterize new i mages containing virus particles. \Wen

t housands of inmages are taken, the tenplates my be used to cal culate the
nunber of virus 25 particles at the various maturity stages. In this way,
the virus production in a cell may be quantified by taking 6 additional
TEM i mages. More particularly, tenplate gray |evel profiles of

i nt er nedi adgd Miirauslpa&EMi thegesay be created and used to identify these
particles in electron mcrographs. To create 5 the tenplat ray _profile,
the center point tegét Rertirrhafhe %ﬁ%@%?nﬁ?%ys}‘i‘ée]ofpﬁarélgisrﬁg particle

mustbe knoun, 8 .c3PRL XL NRLS. SLZS (L3dLUSL L0 DY XElP el G Vi T US

particle cih ce HOW g e magnifrcation of the image and

the actualgdfue siz@saf phbeiVidysiPantdehen Riciégeamde markedata 10 the
i mge. The center point of an object can be marked nmanually or found

t hr ough st eppd atcenpTRitehigrgy Preferablihe ttheetecenbint poigrthes adtbnbbecal |y
chosen as the center of the ellipse after deformation adjustngpnt. As
descri bed abpvexindgte sgrayofebet PHofs RerEdR1BeMVFS R i 9 ™Mas d€ur ve

Vel eys TR ERORE Gt “Fad Al Fobi Ohe L Ae KrdrRoor AT ot ERer B
Iﬁgt ures, SUCR.As.dd'SroW ikHSwPAL 1 Gufiflflicat@Bndby erhdf ot bea kggar di ng
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 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



extent of tegumentation of the virus particle when 20 nmeasurenents are
applied to cytoplasmc virus particle forns. The problemw th neasuring
this thickness directly fromthe imge or the profile is the difficulty of
determ ning where the virus particle begins and ends. Gradient information
about the profile can be used to solve this problem The 25 first gradi ent
nmeasures how the gray-1levels change along the curve. If the gray-Ilevels
nmove from gapkile tid ghaddleangwihe havermefdile vieheagradi @nd W [thehave
positive values and if the gray-levels nove frombright to, dark the

gradi ent wigrbyhageelsetad \féomaf\gﬁéghtvﬂ‘fér%a’?t%éﬁ‘@ pEafscthafyet 42V&8 1 or
where the profile has a |local maxjnumor m ninum e j i Lk _be 5
0. The thi El?ﬁégév‘?)fvaﬂée%'heﬁu?‘ef&%é?r%elnscer}o ﬁéla&ggc%?b%gigl%%eef@m} Ser of
pi xel s bet ;§he Iy J0Ni i Ot B hACRum, "MXMy i De dh ey griagieent .
This is an‘ﬁ%%}%%?ﬂ%&&ﬁyld&a’i %g%ﬁ%?n(ggv\here t he shQFI begi ns and ends. To
find theseo.extrheneh poidss dfhenseenadl gradicgntheficdee pradéentilpdd tase 10
gradient curve) is calculated since a local maximumor mninum wll be
zero in théhgr adinkat climvigiellsn behiveenaihe gkegpl avaingpofp| BRe a¥Cajener at ed

for the many virus particles. The generated gray level profLle curves nmay
be snoot he@Fy-"EBNYBI tRT G ARLERta s%&hﬁajr% B0 T A EE 8%?’ Oji. 5 The curves

behay] Of | Bl YhE U BRI €nt3h! oA 4% RAHIS.C1 @oShehl fRusde depl cted
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 convelution 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



| i near behavi or representing the overall virus particle structure. The
derivative of the function reaches a |local m ninum 20 where the downward
curve is the steepest which represent the start of the virus particle

wal | . There is a | ocal maxi num where the upward curve is the steepest

whi ch represents the end or outside of the virus particle wall. The

| ocati ons of these |ocal extrenmes are found as the zero-crossings of the
25 second ®ertiateverids the profl e and the di stance bet ween the extrenes

serve as the rregsurerrente % e h of the virus garat ,é:l . As
di scussed above’® t fie® 5 0s 26F 3 UsTBEMS O $170A) R as t he

di stance bet, smat Lenter d@fstéﬂgevbéﬂh?eerp%rhte' %Ie%tégdof%&%x%rs of the

virus particle The 5 center of the virus particle wal be
predicted parthelenant rawe vahueri af tiie: Gallss pametbed pant| I @mhl ch is the
zero crossing of the 1st gradient of the snoothed curve. Another inportant
feature 3 scehaerthe ﬂhmg’eguﬁayab‘ewh«efrﬁllag@im bgt paetiacked tdsrhgnd new

statistics of 'the rraturlty 10 stages of the vir particles be conpared
to the ear f“ﬁ@tmugt‘éi‘]i“ﬁ ids the Fﬁ‘égﬁu%‘e‘?”tﬂd \ﬂrro% 8aF’Pi“&he‘ss Fr?tyetﬁéa Sari ous

mat urit'y 5%@%%1 % eh% Qb g%@rtdl%#ltagf Fﬁgrsqﬁ Soten Lhe, virus particles
have been su jec!t’l d an active em ca stance such as a suitabl e
phar maceuti cal ﬁH@@ﬂéﬁ“ﬂ%p@Qtant 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



15 better understand how the substance affects the virus production in the
virus particles. For exanple, an existing or new substance may be used to
determ ne which part of the virus production or which maturity stage is
affected by or stopped by the substance. If, for exanple, the virus goes
20 through six maturity stages and there is no virus in the fourth
maturity stage it nmay be concluded that the pharmaceutical substance
prevent s t kerpholsgfesnmatdasangbebbapundhe heed ouintds dafiersyiseage. The

met hod may al sg be used, to determne which maturity stage a new
phar maceut |Gt igkohfgnt bEL g5k VdeisgAedPE81affett. It is also possible to

identify new different vir 9 rphol.ogl es descr.li 1 W Vi rus
differs from egxrnf):glgcrari%an%{%ﬁ gﬁhr%ugleﬁg?(gh%fg%}ee %eﬁﬁgﬁhggw?;ég%%?:ﬂof t he
net hod of thgpresept phoyantd A remobBakektals PAnSiblse fh8nr ERBVRIEQI L ai N
proteins fromthe virus 5 by using bio technical nethods, such as si RNA,
and t hensohjweectsiivigl pidet&fiminalhawthbhesy enovial aofsitA¥a , protiethenor proteins
affect the virus norphology and its correspondin gray scale profile. For
exanpl e, a PhH@craredy| datesuys vee theajebevabstyide® P&oreleff t he
formation of a certaiﬁ grotein 10 in thﬁ irus‘g r.ticl%rarelg tgg.gffects of
such preve®i%GH108 2Fhe-grdfif ST BPEPrPEC@in® bt FrudiPdd = R Hedoval of a

certain profein JmmyePLEYEMe NGl ISnbh 8M AO¥ANGINGJr1 08N 088bstance
may be designed to prevent the formation of a certain protein
10 in the wvirus 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



maturity stage to a later maturity stage. The nethod nakes it possible to
determ ne which maturity stage is affected by the 15 renoval of the
particular protein. Wile the present invention has been described in
accordance with preferred conpositions and enbodi nents, it is to be
understood that certain substitutions and alterations may be nade thereto
W t hout departing fromthe spirit and 20 scope of the followng clains. 10
Clainms: 1. A nethod of analyzing a cell nucleus, conprising: providing a
cell (14) containing a plurality of particles 5 (16) ; taking a first

i mge (20)S68iBSfirst particle (22) and a second i mage (32) of a second

parti ol (34) ,characi &id 219, Lheq Tk sk PALIICLE, 380l 0gsddt a 175t
maturity &Sfageé and the sécond pafticle as being’in a second maturity 10
stage; trapshoraing 4 heifi rgl)i eegea(2Mg t0 @ukknstygsaypsoalaeprofil e

(24); transform ng the second inmage (32) to a second gray scale profile
(36); 1% sdtbng the first gray scale profile (24) as a first tenplate;
Saving the e s e St 30} S (0L A% 309008 (A5 Y

second image (32) of a second particle (34);

characterizing the first particle as being in a first maturity

stage and the second particle as being in a second maturity

10 stage;
transforming the first image {(20) to a first gray scale
profile (24});
transforming the second image (32) to a second gray scale
profile (36);

15 saving the first gray scale profile (24) as a first template;
saving the second gray scale profile (36) as a second
template;
identifying a third particle in a third image;
transforming the third image into a third gray scale profile;

20 and

comparing the third gray scale to the first and second

template to determine a maturity stage of the third particle.

2. The method according to claim 1 wherein the wmethod further
25 comprises subjecting the third particle to an active chemical

substance.

11



identifying a third particle in a third imge; transformng the third inage
into a third gray scale profile; 20 and conparing the third gray scale to
the first and second tenplate to determine a maturity stage of the third
particle. 2. The nethod according to claim1l wherein the nmethod further 25
conprises subjecting the third particle to an active chem cal substance.
11 3. The nethod according to claim1l wherein the nmethod further conprises
creating a fourth image of the third particle at a tinme later than a tine
of the creation of the third inage, 5 4., The net hod cor di.ng, t aim 3
wher ei n thé'?'rre?}ﬁ‘éd“‘?m%éﬂcoégﬁﬁgi §R_C U MG -] ﬁg?urf}‘igjt%/&sti%ﬁ%h(% t he
third partigle, e Ietad B6eok ding,d @ gl 4s Whep el dihe Jethod
further 10C§%§§%F§%§;%%tg$2 %iﬁg an é%&g%% of the cﬁen?%al subsf%nce on

the third papki cheePagpth ondihe deterdi aashyminukict yhst agerd Gimalbke net hod
according to claim5 wherein the nethod further conprises transform ng the
fourth ijmage to a fourth gray scale 15 profile to objectively determ ne
the effect of the chemi cal substance on the third particle. 7, The nethod

accordi ng tho cFaf miathfferasdar "CABINEP hotP Furt HBST e BnpPP sBE MR ATIF & i ng
elliptical Shaped.yi §uS BAG! g5k Pu 2l f! il PlorSRARCEYLE Yo RAIdIS! es.

5. The method according to claim 4 wherein the method further
10 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
15 profile to objectively determine the effect of the chemical

substance on the third particle.

7. The method according to claim 1 wherein the method Ffurther
comprises transforming elliptical shaped virus particles to

20 circular shaped virus particles.

8. The method according to claim 1 wherein the method further
comprises determining a beginning and an end of a virus
particle wall by taking derivatives of the gray scale profile

25 (24, 36, 58).
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8. The nmethod according to claim1 wherein the nethod further conprises
determ ning a beginning and an end of a virus particle wall by taking
derivatives of the gray scale profile 25 (24, 36, 58). 12 9. The net hod
according to claim1 wherein the nmethod further conprises determning a
begi nning and an end of a protein I|ayer by taking derivatives of the gray
scale profile (24, 36, 58). 5 10. The nethod according to claim1 wherein
t he net hod?-f uFbheredsifpracsesdi-seote ngl sl priotdienef pokpe Hee WL upabeic! e

(24) and 9%3%5?3%@9 §E€2¥$ikﬁgg grgggféﬁgé% %%%fgheén&oo%%a protein

layer by taking derivatives of the gray scale profile (24, 36,
58).

10. The method according to claim 1 wherein the method
further comprises removing a protein from the virus particle

(24) and generating a modified gray scale profile.

10
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