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METHOD OF ANALYZI NG CELL STRUCTURES AND THEI R
COVPONENTS Techni cal Field The present invention
wo edoatiem2g 0 a net hod of anal yzi ng cell struct uper/UkED6/005571
i ncl udes virus norphol ogi es. Background of |nvention
Many efforts have been nmade in the past to classify
and anal yze cell structures that include viruses and
METHOR OO NAIYYING \(ELIO STRUCIURES ahys ITsiens oot dimrers
been devel oped to describe, segnent and classify
Tevihmiised Riaisi ng avail abl e i nage technol ogi es. For
exanpl e, cryo-electron m croscopy has been used but
t he Tt ueresest ofinvigatdehl sredmrashetei pusupred cpés analyzing
are not shown very well. It has also been difficult to
cedhj edtusdiyre répdatie e FelisaBlor e @diss t he cel |
conponents to accurately determne the maturity stages
of the cell conponents. This partly explains why the

pr.evi ous, anal.ysi s .net hods have not been very effective
B, G T r more effective nethods for
anal yzing cell and virus particle structures. Summary

of hiventd an, the JIErhagl of (fhe. ALessnt Juenld Massity and

provi a solution to t ve-0 probl ens.

arMarg Pardiiic Ward dbuddie drrlthad, Ofudd &, iRnesents ddwaid,on
is for analyzing cell structures and

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
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

particle structures.

Summary of Invention

The method of the present invention provides a solution
to the above-outlined problems. More particularly, the method
of the present invention is for analyzing cell structures and

their components. A cell structure may be provided that
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their conponents. A cell structure may be provi ded

thatcontains a plurality of virus particles. A first
wopmga18 a first virus particle and a second POEYE2008/005571

a second virus particle may be taken by using an

el ectron mcroscopy technology. The first virus

eIt il g Lﬁ.%qr gt gJV%ﬁdm%s R8itNG1idy a f Istrd@tinddey of a

age and e sec irus particle as being in a

£:58G0RA TR Wd it Stagtd Bheddomt iangesesond Sqmgas wirms
transfornmed to first and second gray scale profiles,

pdrasSpad ingl Yhe hased @y pisielg dat @lerctotdremiicforamty on
fromthe images. The first and second gray scal e

tequtofdlleesy ar €reavieid s imst pﬁntxﬂ&ﬂnuﬁtqhﬁﬂ%ﬁtﬁilzed as
respectively. Athird virus particle in a third inmge

bateng tivers bl idematfimidy Feghiand itheyes9xnd anstbt ri%“tlCle
into a third gray scale profile. The third gray scal e

ag Pigipared (T IHE MFSit it Yedhd Biplaet #° “Second

det t t f_the rd
T QU GATGTE DR A o O DTG Y 03
t f II I
%oal?ﬂt”aéirevﬁ%vct"ﬂz‘ﬁe A R R e

fjﬁa?‘%ﬁ 'J‘%&n' & {ﬂu{@é s matyd tﬁlafx.s%’@ge?hd FlgeodB dSa@ scale

I C VI eM/o a‘gray scale pro e of the virus

pf@%fiééféfguggbé&‘é@gklfgi 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

the third virus particle.

Brief Description of Drawing

Fig. 1 is a schematic view of a cell nucleus containing
virus particles;

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. 2A;

Fig. 3A is a microscope image of a virus virus particle
in a second maturity stage;

Fig. 3B is a schematic view of a gray scale profile of
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Fig. 3Ais a mcroscope inmage of a virus virus
particle in a second naturity stage; Fig. 3Bis a
wa@ehvemsege view of a gray scale profile ofthe RCT/US2006/005571
particle shown in Fig. 3A;, Fig. 4Ais a mcroscope
image of a virus virus particle in a third maturity
stage; Fig. 4B is a schematic view of a gray scale
iy Qfiih® Qe rdieparitd aligy sisawn in Fig. 4A
Detai | ed Description Wth reference to Figs. 1-4, the
met hrad; .of4x e pr esieitodduentintya elmtesimstweipsis grarticle
anal yzing cell structures that include conponents such
iras whiusl perttuciltes.stlweanal ysis of virus particles is
only used as an illustrative exanple of the nethod of
t he Birpsed® disnveeradtomadiicE t\Hieew nﬁrﬁ iBTRY STke IRFA%EE of
to virus particles. Any suitable conponent in a
tha (gt eaifdir s el |1hdyi be Hhal yzed using the
met hod. An inportant feature of the present invention
is that different virus particles produce unique
gEgra hs - rayth?vel profiles. Al so, the various virus
%¥£¥¥L§gigﬁ§5%eiﬁ% different maturity stages so that
the present nmethod nay not only be used to determ ne

the M@fsﬁgﬁee@x{&é ﬁ?gi@é es; byt alsqdheodB #rity present

stage o e partic iTus particle. In general, an
idvBoe &2 MEyafdd sto berdpkero bya g Bpht@hl €11 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
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
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 (TEM), of
a cell structure 14. The image may include viral virus
particles 16 that are at various maturity stages. For

example, the virus particles may be categorized as being in
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techni que, such as transm ssion el ectron m croscopy

(TEM , of a cell structure 14. The inmge nmay incl ude
WwoRooal112928 us particles 16 that are at vari ous PEL/USI00§005571

stages. For exanple, the virus particles my be

categorized as being inthree or nore maturity stages
thk@eludimgrenmayumntqubtegbﬁnanaﬂeddhgusmpawtp@l@@it&s

shown in Fig. 2A, internediary virus particles, as
imghowrei WiEug. P3ALigAdsiore whoure ivi Fdg - pafyi dpéermggiary

shown in Fig. 4A. The virus particles 16 are often
vifruge RALY 1686 MBE WRIWRG 10hE Lgi-r 38/ paPEi BPES FGskre virus

slightly like ellipses rat gé than circles. To be able
PaFGlﬁéﬁéfaﬁsaégﬁwgténrgaﬁal nsity profile it is

d able that th ticl |
es r|§5] a?ﬁﬁge ﬁﬁ%ugefa&el%f%% aggnfg%hy d%form%? making

ormati on I nvert
the %%r %%t%%ﬁ'%vﬁo Q?s ﬁlkﬁ @ﬁqu%Q% %@@H@%fihan

of the Fesent i nventi onkﬁyh orned Thi's may be
cfi%'i%sby fT' tb'engibaﬂé eld iRS® 6 Lhewdl PHdis Qférrisllﬁ:'ye

which is assuned to be approximtely circular.

prQ)rf'lrl(é Ral ilAdidsiangtdhe e eHatiiamOfpdhe |ldd FZESLEE meydially
be used to determ ne the deformati on and to nake the

syinearse adef ormmatd, onhdEvRIfib riiatalorposist itan Hen dtrhesmied in
elliptic inmage is then transforned into the new i nage

orde rproaducd iz ve dther dashtere sie sviwhen pdre iaglalysis of the
structures are circular. Al virus particle structures

praseTpy dfrereatiiyors ubj evtrfiarndtd s Jefier may dig 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
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
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
particle structure. The transformation to circular structures

is particularly useful when measuring the particle radius and
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adjustnment. A s described below, the radially
symmetric virus particle structure nay be transforned
W eooa/14p928/- | evel profile. It may be used to deRBCT/UBM®6/005571
the structure by calculating the nean gray-I|evel at
each di stance fromthe center going fromthe center
thand hdutk rteawaradds tdep eriimptse pp rari cdkelwaldfs .t he vi rus
particle structure. The transformation to circul ar
st r Wetng e ritsi parmloul dildy ddefsiiovshem neegisr i4fh ather
particle radius andthe thickness of the virus particle
T ager Hise Ivb riemsiun e WitaSmp L YFivg L 20A VEOWes Bat bifdge 20 igF @ cell
arelatively ingg;ure or enpty viral vjrus particle 2
e

. 2 .
T and fidedd &S ¢t 28 HEARPINE o oy Profile
2 S P el 557 P BB B PR amgpeicns
t AV ticl. ; f . .
al ae_lc )}\@Sk{;ng ﬁ:e&) g:l;eo%clcﬂl 1gbse.s tt{l}llé? gzllir 'ﬁ%%t%bacg elo nssﬂé % ééﬂ &ﬂl%ns? Q_L nstead of

rdNE g 1dbs parg icde 22 that dmy evantiuainy ey edop dddoed

a mature virus particle wwth a dense DNA core, as
irWhd Rrifhgs gA-@and digcugsad gt ewenthga Mif USevelop into a
particle 22 has a radius 26 that extends fromthe
mageerv 2t g athi el dl gl outiviar dl Wdrsea Enterrenf ddestshel lin Fig.
wall 30 of the virus particle. Since the virus
4parrtd clis@Bdexd \vialtasal |y enpty of virus conmponents,
the center portion is alnost white which shows as a
hi gh grihye I'ehvels v tiel offe the profa | eadgipre ¢ Hehdlefextends

side of the graph 25. The shell 30 is
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
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.

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 wviral
DNA into the virus particles. The virus particle walls may
include protein layers so that the size of the virus particle
and the thickness of the layers may be determined. Fig. 3B

shows a corresponding gray level profile 36 in a graph 38.
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darker so the profile 24 has a gradually | ower gray
| evel value on the right side of the graph 25 since
w0 b@eakmwbs area corresponds to the right side PET/URM06/005571
graph 25. Fig. 3A shows an inmage 32 of a virus
particle 34 that is not fully mature. The virus
Theantiimise 134 tdariteaid?s hars @addiadiormal48vittadt pedtesids thham a
hel ps in the packaging of viral DNA into the virus ,
ceparad dledo Fhearitrars Part iRGE Bid 1l melihddidef the virus
protein |layers so that the size of the virus particle

Pagitd- alife t RESSCHOG ke kayemy iy e et ey 1ocal

ol Grab St SR T ] S Rk shown
S SRR S P A B g ane
ertp i i e g e, T AR, by e PISELSRL

addl A PHHd | L3 e Red il ngr aikk %ﬁ@c@fe thefiles..

rings and shell wall nay be determ ne anal yzi'ng
t he secongh deriyative. ofa tdheowl ayn st e P5OTdbF €8.more mature
Simlarly, Fig. 4A shows an image 54 of a nore nmature
viviuuaridled & darand ik .g.4B Bishowst i ecmorg gsponithaigyray
gray level profile 58 in a graph 60. The virus
leparlt ipptcef 1562 Hes ian raadinep6 6 G hatThexteihdss feam acbeni@rhas a
64 to a center of a peripheral shell wall 66 of the
ragdiuss Garttiadl egendehe vl toe 39 B4 stawerisen of a

| ocal maximum 70 in the profile 58. ) .
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
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
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
particles at the various maturity stages. In this way, the

virus production in a cell may be quantified by taking
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An inportant feature of the nmethod of the present

invention is that it is possible to create tenpl ates
whawed1928 t he gray scale profiles to objecti veP@T/US2006/005571

describe the virus virus particles. The tenpl ates may

be created by using mathematical nethods al so. For
adedanphne,]l dBMenplagtes.may be based on an average of the

characteristics of many virus particles that are in

the saMenfatadthFisicagel, HRERIER atiey W%@ﬂf%les of

saved in a database and | ater be retrieved when it

mtt.er@epéa&ﬁawfél%mwl&@t &eiYz ?%&ﬁ%ﬁgﬂeé%ﬁ&%%%
BB T R R B HRARAL G oo
th;/e:,]r arttelt clf];lreas trotg‘:‘L(;'_“l_ Var %“%e'ﬁ%%“ tc?lj]nsct E{:%%getﬂeq: with the

us productlon in

g;%@&&rf t%d Dy d %fédq}ltﬂlﬁn@ar-rt@Ml bl\@r]&own The

articularly, tenplate gray [level proflles of

appHafinRdata M rusdard) Glieg inRy Pecrand et and digedcle can
to identify these partlcles in electron m crographs.

belQiceriraice firten tiermliaie Wangyrofiilet idie ceritey ipeigd and the
together with the approxi mate size of the virus
acparali dretemusitzeb e tkridwn.vithes gepriodd st eorsiize daradicusjarked in
in pixels of the virus particle can be deduced from
thenawiargy -t h& heagreirfiesatdaimtofof e iahbigetarint Hee agiletd
true size of the virus particle, or it can be marked
manyaliey iamd@unthe oemtar Groimatsf Bat @ikt e rably, the

mar ked
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
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
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
first gradient measures how the gray-levels change along the

curve. If the gray-levels move from dark to bright along the
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manual |y or found through tenpl ate matching.

Preferably, the center point is autonmatically chosen
wasgoobheeent er of the ellipse after defornati oPCT/US2006/005571
adj ustnment. As descri bed above, the gray-level profile

can be visualized as a curve profile where peaks in
prdfe leurtre reprceisert wirlilghtaveadicsditriend oresl waw aral gy s£he

represent dark radial regions. The width of certain
gnaa,dﬂavef@atnm\@s,fmtbz%@%mﬂet%drw para igladisd] |wildadave

give information regarding the extent of tegunentatian
negatie Vighie ar tia%e ST srelas ffe g ard gopt ¥ Wpre the

cytoplasm c virus particle forns., The problem w t .
pq%é&ﬁi Lo B g 4 Gy T ikl S TRy will De
t rqf.i.l is the diffigulty of determnin |
0 Vi rus gtalfrjtcﬁg}ees Soeogﬁ' gltsheanS eeln% sc.oud’rcg(d ﬁleenr}@e: ’nf% o%%sleco%lrbeed as
| ve it hi r:abl
e il O TS Mt hd A RN bR [P (R Local
Bl 008 e 1 Erad fedihe anps lavels dpyve-fiamgay kot o
bright along theprofile the gradient wll have

mdRSUAie W tesc e sidl T hee@liray -drey edsdgverd rofd these
bright to dark the gradient will have negative val ues.
eMhene tdeinre: s s the chenged afradieror (ier eytdi griofof eche
has a | ocal maxi mumor mninmm the gradient will be 0O
gradient hwknessi ofcdheulshiedd sinda,a hetee! meximum or minimum
described as the nunmber of pixels between the |ocal
wihibriraexe the thedragdemurdiiveéhe gradient. This is

an objectjve way of ,
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.
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
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
second derivative of the profile and the distance between the

extremes serve as the measurement of the width of the virus
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measuring where the shell begins and ends. To find

t hese extrene points, the second gradient (the
wQ@re@diiees of the gradi ent curve) is cal cul at edPGT/HEW0&005571

| ocal maximumor mnimumw |l be zero in the gradi ent

curve. In this way, gray |level profiles are generated
pafrgd cfige WaRAy virus particles. The generated gray |evel

profile curves naﬁ be snpot hed by convolution with a
st afda’d SERTS8% GREVEon FhPhé acitiFe & Thenaitss Rertpele is

[ ticl L1 [ ticl hel | .
CEHIGEET 85 5 GaPE) PEFabiVEees (hE [RGST BandyForirss
pal ERg3enLyn %P%h%e%}é%:alo!f VUSRIt gl e ;shructyne. The

erivative of the function reaches ocal "N mim

ceWQ%&eo%h%h@oW@%@%dp%%E&%l%sw%ﬁ% %E;f&%§%f@@#a%ed as the

represent the start of the virus particle wall. There

minS mid @GaheMX FHE WARILS R MPWRS Ve Whilde is the zero
st eepest which represents the end or outside of the

crvissusigpart ictlee 1Waldradient asattmnssdo thes ech oeal

extrenes are found as the zero-crossings of the second

der iAvattinee dfupblré aprofficlag vared itshe haits ttarc d raefase e vt e taken

extremes serve as the neasurenent of the width of the
aguilmusyrart ilefterwalime Asddinsousded ialtoves, atheheadiadsirofty

a virus particle is calculated as the distance between
stelge sc ot dheoVifhie Piarls part mélve ben ¢ oftpa reshtter the galier

virus particle wall. The . , ) ,
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
better understand how the substance affects the virus
production in the virus particles. For example, an existing
or newAsubstance 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
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
be designed to affect. |

It is also possible to identify new different virus
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center of the virus particle wall may be predicted as
the m ni mum value in the Gauss snoot hed profile which
w0 200bhe292®er o crossing of the 1st gradi ent of tPET/US2006/005571
snoot hed curve. Another inportant feature is that the
i mages may be taken again at a later time and new
mogdpdidlsidies ehd e smatidrd thowsttdgesiof thaisvidifsfers from
particles may be conpared to the earlier statistics of
eatrfld equnisen toff Wed sl e ity liquidse vari ous maturity
stages. This is of particular interest when the virus . i
par tAngl tée th figa een i teab et af° ddig retfdth ddivention is

subst ance such _as a suitabl e pharnmaceutical subst ange .. s

G Bét ey Ritfferscan® HoW e hdF et s e
AR eV e e e T e T B e ol
. ‘4 . . . :
oL P B 45 4, DAL, of YL G
pr e EXAMH £ -t R§ ViFUs, 998Sr i X M WditYesponding

stages and there i1s no virus in the fourth maturity

g pdR-d e B0 HIE cONGhadeskdMate f he pharmsauical substance

subst ance prevents the virus from maturing beyond the
mewd amitditdd s t@agerehe et hothamyoral sH becarsestin rotein

determ ne which maturity stage a new pharnmaceuti cal
irshod dviberdesigned ¢ carad fiewnt . effedtss adSospusspdesnpion on

identify new di fferent virusnorphol ogi es and descri be
thowitdie s ipusfidid feas e opgudied. 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
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

scope of the following claims.

10
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earlier identified virus norphol ogi es. Another feature
of the nethod of the present invention is that it is
wQomsilkdes t 0 renove certain proteins fromthe RCT/US200§005571
usi ng bio technical nethods, such as siRNA, and then
obj ectively determ ne how the renoval of the protein
or proteins affect the virus norphology and its
correspondi ng gray scale profile. For exanple, a
Clghiarsraceuti cal substance may be designed to prevent
the formation of a certain protein_in the virus .
1.pady imgtdraghP &t Radifzddts SofCasue RMYsHErENt | SS9 Y -
gray. scale profile can be studied. The renov of a
PrOSHEIN G Stiin ey GV il F i &%%wles
fromone maturity stage to a later maturity stage. The
(Ifdt'hod makes it possible to determ ne which maturity

.age i s-.af f.ec by e val part i ar
12%%b a%f%iﬁéﬁg5¥%%3pgéﬂeﬁﬁgﬁﬁdgﬁ?ﬁéﬁ%ﬂﬁg‘ éé&aﬂ) and a
égﬁyaﬁ- [ n c | erred nposi ti ons
S an er%bo éme(nsflzs:), Qﬁja%wg&t%&tdeq F‘lﬁ]lge;lsgltego(dsc@h'at certain

chhstdditd onp @ @l ter dd anscrmmudedmde thel etiorst maturity
wi t hout departing fromthe spirit and scope of the

stfRld WG 1d addBor(d Pamiclle .adA veihpd rofa adwdorzd ngataurity
cell nucleus, conprising: providing a cell (14)

steaydaining a plurality of particles (16);

transforming the first image (20) to a first gray scale

profile (24);

transforming the second image (32) to a second gray scale

profile (36);

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;

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 method further

comprises subjecting the third particle to an active chemical

substance.

11
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taking a first image (20) of a first particle (22) and

a second inmage (32) of a second particle (34);
waeb@saces i zing the first particle as bei ng i NnPEI/UB2084/005571

maturity stage and the second particle as being in a

second maturity stage; transformng the first inmage

(20) to a first gray scale profile (24) ; transform ng

the second image (32) to a second gray scale profile

3.(36he mepiiath adredding ter Sl asicnlle Hiestaine Ylpamefied further
first tenpl ate; savin%g{he,second ray scal e profi,lgL
CQFYL S8 £LLEAOMP et E R iFy it &g particle at a
particle in a third i ;. transfaormng the third, .
tjinl‘?agl@qcierﬁ FEn 1 g%g%@aq ecrpﬁ’aoﬁjﬁrb;‘g%ntgleco § Hgrage-
the third gray scale to the first and second tenpl ate
to determine a maturity stage of the third particle. 2

?}ﬁe %{}% aé:cgc%ﬂi r}gg ttQ)_ Célaal R B Vé(ﬁ?é' .irh t{l’?e rf?éih’?cgd further

4 s
further conprises subjecting the third particle to an
cAPd M Cherd Cal i SURPtaNGR udi by e detdod pecaitidgpd Sicle.
cllaim1l wherein the nethod further conprises creating
a fourth image of the third particle at a tinme |ater
than a tinme of the creation of the third image.
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. The method according to claim 1 wherein the method further
comprises transforming elliptical shaped virus particles to

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

(24, 36, 58).
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4 . The nmethod according to claim3 wherein the nethod
further conprises determning a nmaturity stage of the
wo bdosdiasticle. 5 . The method according to CcPEI/IBE2006/005571
wherein the nethod further conprises determning an
effect of the chem cal substance on the third particle
9.badée orethvel detcmmdingd trataidiny Istvigeeit .thEhewatdtdsbdurther
according to claim5 wherein the nethod further ,
comprS e Satsindme g RS TouY Richege ans! #F cumgptein
ray scale profjle to objectively determ ne the effect
LGS Y AR IO STRETES G (1hE (e kg aetAe (24, 36,
Séghe nmet hod according to claim 1l wherein the nethod
f'urther conprises transformng elliptical shaped virus
particles to circular shaped virus particles. 8 . The
nmet hod according to claim1 wherein the nethod further

1@.9%3@%%@3@&3{&@ ktggian%i ng 2ng, & £Nd 1 @ thod
| by ta d’

virus particle wal I ng derivatives of the gray

f5eHE HAddisdLdbemdBrimBla ottt fMRIMathacean Nhrticle
to claim1 wherein the method further conprises
(et ermd jare v theg) rnintglamidedany end ofale PiEire | ayer
by taking derivatives of the gray scale profile (24,
36, 58) . 10. The nethod according to claim1 wherein
the nmethod further conprises renoving a protein from
10 the virus particle (24) and generating a nodified gray

scal e profile.
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