1 A METHOD FOR COUNTI NG AND SEGVENTI NG VI RAL PARTI CLES I N AN | MAGE
Technical Field The nethod relates to the counting, segnenting and
identifying of objects such as viral particles depicted in an inage such
as electron mcroscopy i mages. Background of Invention Many efforts have
been nmade in the past to classify and analyze cell structures that include
viruses and other conponents. 1 0L \ et hods have been
devel oped to describe, S MEREGR FQRd By using avail abl e

i mge technol ogi es. For exaQRhEL &ﬁ%gpﬁﬁgghrg@:ﬁhggoscopy has been used

but the structures of the ceffs—and—the vital —particles are not shown very

well. It has also been difficult to objectively, repeatedly and reliably

descri be thekgghhcapqnggaents to accurately deternmine the maturity stages

of the cellconpone articular $163S | ¥k intricate
process and a subj ect Sf e C§n§|%3x¥bgga%c CXQ##% ésgﬁ f%zeéa ost cel

to produce th&Entipyiogeny obicgitspsidh @be%itp) Pﬂ?ﬁkﬂiﬁél?ﬁf%fté ngl é% process
of maturatiopaRdshét r:aceldadrdn mid:aRsPEY tinadbss process -can be nonitored
at high magnification by utilizing electron mcroscopy (EM, which allows
visual identification of different types of viral particles in different
cel l ul ar conparkgmewtd .of| fperitantt i ssues that remain to be resol ved include
the identity of the viral proteins that are involved in each step of this
virus assenbly process as as the mechani sm of t under

intracel lul ar transW%%hFF%ﬁjﬁnaaY%éﬁfpz%ﬁ "o dPﬁFerenfggsgygpof viral
particl es dusidignuiyaes caait ustatuiconreStthatt incdldaspesisss ofnd leé e1€/| rus

mat uration arg.gengral | y,hadd 1R.8d3839s 8 WBOHERs 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 viral
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.

More particularly, virus assembly is an intricate
process and a subject of intensive research. Viruses utilize a
host cell to produce their progeny viral particles by
undergoing a complex process of maturation and intracellular
transport. This process can be monitored at high magnification
by utilizing electron microscopy (EM), which allows visual
identification of different types of viral particles in
different cellular compartments. Important issues that remain
to be resolved include the identity of the viral proteins that
are involved in each step of this virus assembly process as
well as the mechanism of the underlying intracellular
translocation and localization of different types of viral
particles during virus maturation. Structural aspects of the
virus maturation are generally hard to address although
visualization technigues such as tomography and cryo EM have
contributed to the available information on virus structures.
These technigques may be used to provide information on stable
mature viral particles. Genetic tools are available to produce



vi sual i zati on techni ques such as tonography and cryo EM have contri buted
to the available information on virus structures. These techniques nay be
used to provide information on stable mature viral particles. Cenetic
tools are available to produce 2 nutants of key viral protein conmponents.
EM may be used to visualize the structural effects. However, there are no
proper tools to characterize the strukttural effects, especially

intermedi ate and obscure particle forns and to properly quantify themin.
an objective way. Thij artly expl ains wh previ i nmet hods
have not beelﬁuR%‘rtﬁ %# ﬁ‘&gt‘(]\/rea\iaﬁﬁg%%élr gorf‘%&/naekggéd E?qolrngyfr%e?g@%%(?{eczti ve

met hods for ammlayjicegheektrumtdrel refifegast i dlowevetr feete 58 TASR®PPS a need

for image angtla(yl%i §Ot&gr|§f£igriglga{;@gt§rri\1§@u@1?eggf@é,f ¥spddiallliparti cl S f
mat uration an i ntrace r transport.to facilitate i ive studies o
different vi FUSCTHSSEHS 9931%&58;? sp%qﬁéfil% &8 "f%&r %é)np]?%e%cei&ti ve method for
i dentifyi ng amhtg@gnthdmy ingerviobakctipar #p¢l es depicted in an i mage. Sunmmary

of Invention The nethnd gL ¢tNE RpESARIY vhpvielt bedvfRVaEgsAAs sol ution to
t he above-outlined probl ens. "The net hod for intracell ul ar

nmapy be sed
counting and™&EEnkats At oS VaFY ﬁfaflefpc‘?/ee@iinﬁ?%gé% F0ER%as %! ect r on
M croscopy i fegess férivieMagehdds poowdndedzitmicehbsaral plhivzhlbaryiole
obj ect/items L NELGLD, %%réeﬁléngt R@éﬁ ekl pdeakn oRI8Gt 8odik ke i mage are
i pti

i dentified. e round an dt1 cal object’'s_are 'sorted into groups. A
radi al densi E52RCEPFIE® SRt HRYSGH IV VA aPA HarCt f RELTRS HOY A mi ned.
Elliptical itemsdehatlarerfosprahl eo facamtére padéalivedensiites pfofil e of
round viral icles.. t eryuned; ifalqy particles are
identified aﬁ‘g%%ert% g \él%g%pgé%?nbggfte er}rgoh%cf-ﬁggdg.e % pt?},'(::al obj ects by
anal yzi ng raff&ictdepsigtpod for identifying and quantifying viral

particles depicted in an image.

Summary of Invention
The method of the present invention provides a

solution to the above-outlined problems. The method may be
used for intracellular counting and segmentation of viral
particles in images such as electron microscopy images. An
image is provided that has a plurality of object/items therein.
All round and elliptical cobjects in the image are identified.
The round and elliptical objects are sorted into groups. A
radial density profile of the round viral particles is
determined. Elliptical items that are formable from the radial
density profile of round viral particles are also determined.
The viral particles are identified among the groups of sorted
round and elliptical objects by analyzing radial density
profiles of the objects in a selected group. For example, the
method may be used for intracellular counting and segmentation

of siRNA treated human cytomegaloviral particles in TEM images.

Brief Description of Drawings

Fig. 1A is a schematic example of a rotation
invariant image (A);

Fig. 1B is a schematic example of an angular
invariant image (B);

Fig. 2 is a graphical illustration of density



profiles of the objects in a selected group. For exanple, the nethod may
be used for intracellular counting and segnentation of siRNA treated human
cytonegal oviral particles in TEMinages. Brief Description of Draw ngs
Fig. 1A is a schematic exanple of a rotation invariant inmage (A); Fig. 1B
is a schemati c exanple of an angular invariant inmage (B); Fig. 2 is a
graphical illustration of density 3 mneasures for five sets of images; Fig.
3 is a schematic view of the radial density profiles fromall sets of

i mages placeg LB fs kYS rikklsetd b3 naffiematic view of nean radial
profiles with standard, deviation i n dash-dotted |ines  around the nean for

subset A; Fig. 5 is a'sthendfit SFPeWr0IC maah $fadlalrdsfiétiles with standard
devi ati on i nddashtydetrbedlds fesn arlousek 4 e pesges pbicddheénsabset B; and Fig.
6 is a schemgikc close up view of Fig. 5 at radii between 30 and 40 nm
Det ai | ed Description The method of the present invention may be used for
searchi ng, segnenti ng®&fd 4 d&nt iSCPPRY: Wart feIdsred} eddéatn i mages, such as
obj ects depi ptrediigy Wi e Fas8Shan dekestiaanin Nazhecdcomy (THM | magesd Thﬁ
identified ohj i [ .relate to viral particles and ot her
particles th%fgﬁéééh@r%%ﬁld fgﬁ%q%lsle?g%’l cal shapes. The elliptical shapes-may
be defined as havi ngF&d maxi-fumscagndisicaiden 9fi peaumadadl usrafiiilee

perfectly rowndhssapasrdavei oner adi dssreasbednehes ablovndt e mdehhod
determ nes which, el 's'uBEétC%'; grpdaped items can be forned

Fig. 6 is a schematic close up view of Fig. 5 at
radii between 30 and 40 nm.

Detailed Description

The method of the present invention may be used for
searching, segmenting and identifying particles/objects in
images, such as objects depicted in transmission electron
microscopy (TEM) images. The identified objects in the images
may relate to viral particles and other particles that have
round and elliptical shapes. The elliptical shapes -may be
defined as having a maximum radius and a minimum radius while
perfectly round shapes have one radius each. Preferably, the
method determines which elliptical shaped items can be formed
from the radius range of the viral particles to be analyzed.
For example, if the viral particle has a radius of 100 units
then the maximum radius and minimum radius of the elliptical
shapes may, for example, be 20% greater (or 120 units) and 20%
smaller (or 80 units) than the radius of the viral particle
when the viral particle is round. If the maximum radius or the
minimum radius is outside the allowable radius range then the
item is considered unacceptable and will not be identified as a
viral particle. The round and elliptical shapes are then
sorted and grouped so that similar radial ranges are grouped
together. Viral particles are then identified and quantified
in the grouped shapes of items. It is alsoc possible to
identify viral particles that are between two different

maturity stages i.e. that are in a maturity stage that is



fromthe radius range of the viral particles to be analyzed. For exanple,
if the viral particle has a radius of 100 units then the nmaxi mum radi us
and minimumradius of the elliptical shapes may, for exanple, be 20%
greater (or 120 units) and 20% smaller (or 80 units) than the radius of
the viral particle when the viral particle is round. |If the maxi mum radi us
or the mininumradius is outside the dllowabl e radius range then the item
i s considered unacceptable and will not be identified as a viral particle.

The round an%e%ugérptéwgahifsgéqgﬁ§ n%rt%rE Q;ﬁ:oﬁf?gt e%@”@i&&"@ﬁ?&é‘%st@
simlar radial ranges are grouped together. Viral particles are then
identified af@vguartiefpberningdtisligt o tEhatrds 1ef 274 engathematical so
potssi _blt e tto datlettéd,y S\ébm als paiitiiea eSaxtskf_@Fmafﬁarbemngem _tu\e@%lhdtidl;f ter ent t
maturity sta 3 Le.i.n i e [ et ween two
di fferent na?ﬁ%f%@ﬁﬁ?gugé?%%Eéé€¥$%rg%§%¥iéF@%ﬁ%ﬁyE ?%béi?. ?edeternined
radi al densi tFepreFITI8CAnthca 2 et HEHAY | R 1 LBqUdY 6A, T HUER a OIS er
transformati airaDByaecusedate videtepaidielehi clreltbipigathshapednebj ects,
based on the , predetetm nod cadial, dens) Ly profide;Lhal s Lypjcal for the
viral particles, are viral® particles. Preferably, "there i'S no need to use
panphl et s t hatirshowxtadied ademsitayjinpratinisy sftages pancopaempet®yiselcertain
gat uri tytStagﬁﬂ:%mé?o@amt?&@d?é&ﬁi?ﬂlespﬂ{éfﬂ @L:@Sﬁtrwte\éhrmo B&tff%ﬁénss tga}3 are
etween two different maturl ages 0 S no ound by
Using the  paRSHEBUS SSPEohdy BETROSST BIY (5 et driiiAe Y Ha 8P St bution of
radi al rangegapphtetdi.al density profiles in clusters, as shown in Fig. 3

and described in detaift hg) W pAS918Sc5QREELREL thEl @t tPE: M Bk ,
particles may be exposed to henm ca nce, sych as a ggﬁgnaceutlcal

a.c | substance
drug. and t hEHEE hod"GEepe T8R12 haehr b tor hight R iy tBe #0rf KA n based

on the nodifii@dFig. 3 and described in detail below. Also as described
below, the viral particles may be exposed to a chemical
substance, such as a pharmaceutical drug, and the method steps
of the present invention may be run again based on the modified
image to determine how the distribution of particles sizes or
radial density profiles change as a result of the exposure to
the chemical substance or medical treatment. In this way, it
may be possible to determine the effectiveness of the chemical
substance treatment on the viral particles.

It may also be possible to use siRNA techniques to
block certain building blocks, such as by targeting ppl50
proteins and blocking the production of cmv particle
productioen, within the viral particles. After such siRNA
treatments, the effect on the viral particles and the
morphological/structural changes of the viral particles may be
analyzed. Additionally, the number or quantity of viral
particles affected may also be studied.

It may also be possible to use the method of the
present invention to identify viral particles by analyzing the
radial density profiles to decide which viral particles are
depicted in an image. After finding all round and elliptical
objects in an image and sorting the objects into groups based
on radial characteristics, the next step may be to identify the
radial characteristic of a particular viral particle. Any
cluster of objects that have a radial characteristic within the

predetermined radial range of the viral particle, such as



image to determ ne how the distribution of particles sizes or radial
density profiles change as a result of the exposure to the chem cal
substance or nedical treatnment. In this way, it nay be possible to
determ ne the effectiveness of the chem cal substance treatnment on the
viral particles. It may al so be possible to use si RNA techniques to block
certain building blocks, such as by targeting ppl50 rotei ns and bl ocki ng
the productiowiehitny mpaiél claege prioddct (o, 1 thi Ae¥heENYA P4l u?)%{]ttf’cl es.
After such si RNA . 1fataenpt &1 bherfibect mnubhey \d rahgpartt redesl and the
nor phol ogi cal / structural ,changes o thelvi' r.,%l 2Pa atxjtgL:F s MBY Pe anal yzed.
Addi tional |y, ¥RERHAISE 6T ‘%%8???? Prof AR AL péil’tl cles affected may al so
be studied. |timayded sosbe possibles wothseadind PITEAOBTSdReth T esent

i nventi on to 1 genti i ichabe PAL! el asdby AnAkyeiag ke of adtabeslensity
profiles to deci ich_vriral part i cles are  depicted.in an imege. After
finding all rour@lamerieiclrpti dal holj 6Bs™TH an®Thage “and Sorting the
objects into gfamps besedsiond radial rehgeaciteibspésssple e meficatlepOfmy be
to identify thg  rad etk sii ¢20f; @ d2aphi CiHedr rivh ridle patidacl e Any
cluster of obj é}:et%%gkg% tﬁg%a%l rad?al %Qahal act Sr.i slic Wicéhii, n.the

predet er mi ned #@adicako rdatgandte tRE WS I parkdrE, *Suchas 5 "Mithin a

radi al range ofr&@meht. 3 BdBEd San mAYs tivasthben usedis wosisdehe ity 1epRE Wiyr al
particles. By using,a range,of, adi al = GBarachphlstic nageborzediore

el liptical parfit es nay be” included also. Particles %t h rad gl ranges
outside this emdépvaBio sapyersalE WidWaFgRdSha 83 gorrzed 45°hdt bei ng
viral particl eserddenthessnpal et remay hypes abeditoaldparitfiyctles viwathin the
desired radial ran it..1S i bl i LY pQruscehesiwaliky &¥eat the
viral particl ega]gcﬁgﬁfahen'rhreuﬁg?%e O?r%?h%%tngg%fﬁlutso de%seer m ne howyt he viral
particl es reactonfarmhghe viral particle identified.

The method of the present invention may thus be used
for searching, segmenting and identifying viral particles in
TEM images as described in detail below. Capsids of viral
particles are approximately circular objects with the same
protein density at fixed radii from the center, so called
rotation invariant objects, as best shown in Fig. 1A. 1In order
to create a measure of rotation invariance there is need for an
“opposite” property to which the rotation invariance can be
measured against. An angular invariant object may be used for
this purpose since it has the same protein density at fix
angles from the center as best shown in FPig. 1B.

The Fourier spectrum of a function (f) which values
are determined by the radius r, with corresponding Fourier
frequency (wr), from the center and an angle (t), with
corresponding Fourier frequency (wt), taken from any fixed
direction out from the center may be used to illustrate a
rotation invariant object and a angular invariant object. A
perfect rotation invariant function has all its energy where
wt=0, and a perfect angular invariant object has all its energy
there wr=0 and all objects in between have enerqgy in both
frequency bands. A reasonably good measure is thus to compare
the difference of these energies, giving an a priori measure
with the threshold level of the measure as the only unknown

constant, which can be given by a negative control.



treatnment. Based on this reaction, it is possible to identify what the
viral particle is. For exanple, it nmay be possible anplify DNA, such as by
usi ng PCR techni ques, that creates a reference panphlet that nay be used
to identify the viral particle. The additional test may thus be used to
verify or confirmthe viral particle identified. The nethod of the present
invention may thus be used for searchi®ng, segnenting and identifying viral
particles in TEM i mg described in.deta I ira
particles are appr oggrfg? %ycf“?%‘l”é(? otjbvécgE éé}flgcetu%\éls ?ﬁ‘pﬁnﬁj?%n? F% density
at fixed ratliddscagbttiebeiant.er A dengit e@asum atd cPTPAvEar Iv%tﬂ%jeécf’g as
best shown | n H %trbAtm!@s %rd% £ £8P GhGed [Basi®dobeh Ok atd QRriAYAri ance
there i s neéd o posi t property to which the rotation invariance
can be neasuml@&df @@aphsecf«sﬁ\n(na\ngara@rﬁ%\}lé}rltaﬁtl%b?réc,ltmaﬁﬁy be used for this
pur pose since |t has the same protein density at fix angles fromthe
center as bgstZshown in Fig. IB. The Fourier spectrumof a function (f)

whi ch values 4re deternmined by the radius r, with correspondi ng Fourier

frequency (wr), fromsteeﬁe@@mlefn anddanfanghevit)] stimfvtucesrespondi ng
Fouri er fre uenc

fro f|xd di t he center
may be used ?%CW%%%F%\?‘& a otrélg}%g #aﬁFOE ecotc')fngggka <zga\%{’aul ar
i nvari ant obpgett ok 1pemfmtnra1tea3eme$ mﬂatal anodfwmqmaﬁagnacp tihes energy

where wt=Q,. anfl Ip%%gt Ile?lr \:Hé(ﬁ%oaf'“legbliﬁfcé ﬂ%agfl k,eu:_@r eRRIcay

there w =0 an jec Sin ave energy In guency bands.
A reasonabl ymg&bd«urtélasubeﬂs Sértu§0t ‘éh%cﬂﬁﬂa)(cépallhéx%ﬁ fcfferté‘ﬁc@r‘é i4vese

ener gi es, AL 0L IndBASULE) ¥l ddrpest Bl eshalub)| eyebeofa t he
neasure as the on

control. 6 VAS@I@hsliWrﬁggggiﬁ@C%qusfﬂallgtétegkﬁ’@t"gggsbfn"g‘;l‘?\é%fﬁéij DoV e
structures. With this information it is possible to extract
different clusters and count individually, and discriminate
structural differences when applying medical drugs by
calculating the mean structure from each set of images.

Approximately 500MB of images, as shown in Table 1
below, of infected cells with four different applied siRNA were
acquired with electron microscope at a 3,3 nm/pixel resolution.
The images were processed with the rotation invariance measure.
The control radius of the rotation invariance was set to 15
pixels (about 50 nm) and objects in the images were acquired at
local radial maxima of 15 pixels where the radial invariance
measure exceeded a level of 15. When acquiring the radial
density profiles the mean of each profile was removed in order
to compensate for different brightness levels in the different
images. The mean was taken over a radius of 100 pixels, about
330 nm.



is described below. A density neasure to conpare the nunber of viral
structures in different inmages is introduced as a certain nunber of
objects (n) per area unit Ain an imge. d=n A Segnentation of different
viral structures is described below The radial density profile of each
found object or item particle serves as a good approximtion of the viral
structure. Setting the profiles in a | i'lnear vect or space (LVS) with a
basis set to the principal axes of the profiles, conputed with a singular
val ue deconpd@bieéoh (SVD), gives a visual understanding of cluster

behavi or of the differentgigapal STRUGRdH ©8. WTobal Mreal nformation it is
possible to extract diffierent clusters and count individually, and

di scrimnate structural differences™iién appl ¥f'ng nedi ¢al drugs by

cal culating the nmean str (EdGEevd T gach set ofjoonages. | Approxi mately 500MVB
of images, as shown in Table 1. belpw, of inf eﬂgt ed cells with four
different applied si RNA \A%%ngrdacqui red with el éctron nicroscope at a 3,3
nni pi xel resolution. Thé'Pmages weflédprocessedwmtB0the rotation

i nvariance nmeasure. The gopntrot—ragiyus of theFmrayT on|i nvari ance was set
to 15 pixels (about 50 nm__and aobjects in the inag e acquired at

| ocal |roadi al ﬁmxi ma of 1EMC§|+>€§I*%PW Pe the radi%fli'iE ivari anceq measur e
exceeded a | evel of 15. \ pacqui rzag the radi@ls, 8densiity profiles the
mean of each profil e was vemoved—in-order—to——conpensate for different
brightness levels in the different inmages. The nmean was taken over a

radi us of 100 pixel s, Tabbeit? dssorimas ¥he megneand atanparusdiabiorTgtal area

i mages n? the mean of the calculated densities. Comparing the results

from the ppl50 and MCP images with the positive control with a
student t-test gives p-values of 7,21*10-13 and 2,19*10-11
respectively to reject the hypothesis that the densities comes
from distributions with egual mean.

Table 2

Number of
found Standard deviation
objects Expected of expected

Groups (n) density n/pm? (density n/pm?

Pos 3982 5,65 0,40

GB 2826 4,56 0,70

MCP+gB+pp 1501343 4,24 0,54

Cp 1022 2,40 0,14

ppl50 652 1,66 0,28

Fig. 2 is a graphical illustration of density
measures for five sets of images (Positive control, MCP, g¢B,
MCP+gB+ppl50 and ppl50) with 1 standard deviation. MCP and
ppl50 exhibit significant smaller densities than the positive
control.

Segmentation of viral structures is described below.
The radial density profiles were plotted in a LVS, as best
shown in Fig. 3, where the information from the two largest

principal axis are shown. Fig. 3 shows the radial density



Positive 83 700,48 control MCP 119 1317,30 GB 34 320,17 MCP+gB+ppl15028
241,71 ppl50 28 355,84 Table 2 describes the nean and standard devi ation
of the nean of the calculated densities. Conparing the results fromthe
ppl 50 and MCP inmages with the positive control with a student t--test

gi ves p-values of 7,21*10-13 and 2,19*10-11 respectively to reject the
hypot hesi s t hat the densities cones fBomdistributions with equal nean.

Tabl e 2 Nunber und i i ect s Rpectred ohagxpected
Groups (n) %Féﬁé gengﬁgg f?ﬁ%‘ ggl”‘o@]gsc%mﬁ& 0140 282%@%4( 56 0, 70
CP+gB+pp150kaA3 4w<24wea,15¢ewa:r>au@cizz:lzs4@re may kesp £59n 652 Pateéré 28 Fig. 2

is a graphige cmHaH N%%' %nd%cgfrb% 1oy, MERsiRsthat f@a/@maus ohat mages

(Positive co +gB+p I50 a d 1 Oé mn %?%& @gard
devi ation. IR igAES ?ﬁﬁﬁﬁ?neﬁﬁPb¢¥u%ﬁ%i§lFF%a i densi |e§ han t he

positive C%ée%ar@?&l@ﬁh@&zl pa i matruahtgtﬁtmjasr eesai:sad@sbmméd blet ow.
The radi al densi

3, where t Hé‘“tqﬁlé%’ng{*ﬁ?%g {%%B\Aﬁg%%é %ébiﬁ gr ges gtgé%sngls%geﬁax?%@gim Isﬂoalng

Fig. 3 showsattieunadi@lingensiahy 8o study the particles in between
clusters or groups of particles when the viral particles have
been exposed to a pharmaceutical drug so that the effects of
the drug may be determined.

The mean radial density profiles for each set
(positive control, MCP, ppl50, gB and MCP+gB+ppl50) for cluster
2 are shown in Fig. 4. This reveals the commonly Xknown A
{empty viral shells) classification of the HCMV maturation
intermediates. Due to the fact that the number of objects
found of this type is small, the objects have both small radial
and angular energies, and the existence of many other non-viral
structures in the set, no significant information can be
extracted in addition to the information the capsid wall is
situated at about 40nm from the center.
The mean radial density profiles for each set,

(positive control, MCP, ppl50, gB and MCP+gB+ppl50) for cluster
B are shown in Fig. 5. This reveals the commonly known B
(capsids with translucent core) and C (mature capsids with
dense core) classifications of the HCMV maturation
intermediates. The positive control and gB sets differs from
the MCP, ppl50 and MCP+gB+pplb0 sets at radii between 30 and 40

nm, as best shown in the close-up of Fig. 6, and in the center.



profiles fromall sets of inages placed in a LVS. The inmage shows two

wel | -separated clusters marked A and B that are described in nore detai

bel ow. An inportant feature is that particles between two clusters are
shown al so. For exanple, those particles may be in maturity stages that
are between the maturity stages represented by the clusters. It is often
particularly inportant to study the pafPticles in between clusters or
groups of particles when the viral particles have been exposed to a
pharmaceutical drug so that the effects of the drug may be determ ned. The
mean radi al density prohi besuiftoraamsielsef vifpdspainieledntr dEY MESSSpp150,

gB and MCP+gB+ppl 5 faor _clu r %héhigw_algp Fwridnt This reveal s the
conmonl y knoW’ly%’e é‘r’r%lt?e\sﬁ rzflth%sﬂseﬁ s) classific J:tit%n of  the HOW
maturati on Ehaesoredisitiss 2s BLERSEhE S 56Tl thé funder "of obj ect s

found of thi $piymentScitFakter tdtecobjretis chahemgbottyy smékactiadi af tend

angul ar energies,, and the exist NCE: Ue SBEY PR AARLYbE alnvastétict ures in
the set, no SP’@;‘nTiJf"lnc‘éWatrgiynf%ar“nﬁt%:%okﬁeczfr?lgge Sextracted in. addit i opto the

d d
i nformati on bheecapsidiiwaltbtas ensrgviat d@varehbddt “HONR A SHTHE Center. The
mean radial depsi &yl oftid esadialonems mebne (pesitaMey ¢oatadle, tMCOP, ppl 5o,
gB and MCP+gB+ppl 50) for ciuster B are shown in Fi g. 5. This reveals the
comonl y kno®™B'*S-capsi ds with translucent core) and C gmatu e si ds
with dense core) claSsifdsoare dis sof atiheesiopia tEr et f3%RS Tt rrr@g%)at es.

The positive antf ol (and.1gBssets 1dvbl ers of Bomce be @Recppy 50/ .and

MCP+gB+ppl 50 sets at radii between 30 and 40  nm .as ket shawrtika. the
cl ose-up of Hoyeve:: ghdthis ﬁ‘égfevﬁtr&?e"b%a 2% & Fesu ]'E%%ea nodel  of viral

particles in ATEMyémBgesomey lberdey eboped:hotal sryeeoto t3%¢ ARGul ar invari ant
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Any orthonormal transformation of the density
profiles, including the principal axes preserves the distance
and inner product in the L2-LVS. Therefore, the clustering of
different sub-structures is independent with respect of the

choice of basis.

Example
An example of materials and methods that may be used

is described below. Human embryonic lung fibroblasts (HF) were
maintained in bicarbonate-free minimal essential medium with
Hank's salts (GIBCO BRL) supplemented with 25 mM HEPES [4-(2
hydroxyethyl)-1-piperazine ethanesulfonic acid], 10% heat
inactivated fetal calf serum, L-glutamine (2 mM), penicillin
(100 U/ml) and streptomycin (100 mg/ml) (GIBCO BRL, Grand
Island, NY, USA). The cells were cultured in 175 em? tissue
culture flasks (Corning, New York, USA) and used until passage
17. The cells were infected with HCMV at a multiplicity of
infection (MOI) of 1. The virus supernatant was collected at 1
or 10 days post infection (pi). The virus supernatant was then
cleared from cell debris by low speed centrifugation and frozen
at -70°C until used. Monolayers of HEF cells grown in 96 well
plates or on chamber slides were infected with HCMV AD169, at a
multiplicity of infection (MOI) of 1.

Human pulmonary artery endothelial cells (HPAEC) were

obtained from Clonetics, CA, USA. The cells were maintained in
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and 8 well chamber slides (Nalge Nunc international} and used
for experiments before passage 8. The cells were infected with
at an MOI of 1 an endothelial adapted strain TBA40.

Smooth muscle cells were isolated from aortic grafts
obtained from patients undergoing surgery for acrtic aneurysm
with insertion of aortic grafts or from either aortic graft or
graft of the iliaca vessels from transplantation donors. The
cells were isolated by first removing the endothelial cells by
cell scraping with a sharp instrument. The vessel was then
divided into two different layers, the innermost layer
(corresponding to the intima of the vessel) and the outermost
layer (corresponding to the vessel media), by gentle separation
of the two layers with a pair of tweezers. The aortic graft
was cut into small 1 mm pieces and cultured on cell culture
dishes in SMGM 2 medium (Clonetics) with the addition of SmGM-2
Single Quotes (hEGF 0.5 npg/ml, 0.5ml; Insulin 5mg/ml, O,5ml;
hFGF-b 1ng/ml, 1ml; FBS 25ml; GA-1000, 0,5ml) for about 2
weeks, until there had been a SMC cell migration from the
explants. The cells were cultured in 175 cn? cell-culture
flasks (Falcon). To determine the purity of the SMC cultures,
the cells were grown on chamber slides and fixed in 3%
formaldehyde for 45 minutes at 4°C and permeabilized with 0.3%
Triton X for 5 minutes. After fixation the cells were stained
for smooth muscle cell specific FITC conjugated anti-actin
{SIGMA) and evaluated with fluorescence microscopy. The cells
were fixed with methanol: aceton (1:1) at 4°C for 5'minutes and
stained with FITC conjugated anti-von Willebrand factor (Anti-

on
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oral 11 mm pUEE NG CE R Gte o Be T £0r e deEhaaHol oy S *Fuct um
(d onetics) \ﬁlltchtidre calldts tieon ofnsSAGM 20. 18 Hg$@l@@@@%d3(lﬁE€Fb@f§rpg/ m,
0.5ml; Insuli@,bemdivy 38 2Hc1,, pH 7.4 and centrifuged. The pellets were

then post-fixed in 2% osmium tetroxide in 0.07 M sodium-

cacodylate buffer containing 1.5mM CaCl,, pH 7.4 at 4°C for 2
hour, dehydrated in ethanol followed by acetone and embedded in
1X-112 (Ladd, Burlington, Vermont, USA). Sections were
contrasted with uranyl acetate followed by lead citrate and
examined in a Tecnai 10 transmission electron microscope (FEI,
The Netherlands) at 80 kV. Digital images were captured by a
Mega View II digital camera (Soft Imaging System, GmbH,
Minster, Germany).

The electron micrograph processing is described below.
Sections were contrasted with uranyl acetate followed by lead
citrate and examined in a Tecnal 10 transmission electron
microscope (FEI, The Netherlands) at 80 kV. Digital images
were captured by a Mega View II digital camera (Soft Imaging
System GmbH, Miinster, Germany) or electron micrographs were
captured, developed and scanned for digitalization. The
micrographs were digitized to 8-bit images in a HP Scandet
6200C flatbed scanner to pixel sizes representing either 2x2nm
or 3x3nm, giving capsid radii of approximately 25 or 17 pixels
respectively, in the digitized micrographs. Each digital image
has a size of approximately 1000 x 1000 pixels (1Mbyte). The
resolution was satisfactory to distinguish between the three
capsid classes investigated here, but the heavily textured
background makes the capsid identification task very difficult.
A DEC alpha personal workstation 433 running Hp Tru64 UNIX was
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The Netherlands) at 80 kV. Digital images were captured by a Mega View I
digital canmera (Soft |magi ng System anl§| Munster, Germany). The el ectron
m crograph processing is described bel ow’ Sections were contrasted with
uranyl acetate followed by lead citrate and examned in a Tecnai 10
transm ssi gnaglectron mcroscope (FEI, The Netherlands) at 80 W Digital
images were captured by a Mega View Il digital canera (Soft | maging
System GrbH, Munster, Gernany) or el ectron m crographs were captured,
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(Corel Corporation t E@g@g‘a) and Phot oshop CS (Adobe Systens Inc,
San Jose, (%‘_‘?“@S%".m ?\f{\%rti e present invention has been described in

accordance wirkingeef ederedficonposbticoheradtsei8d? IRt 's 2™t is to be

understood t hat. certain ,substiidit LAS @RdscrkéLratidnsd rayirtbeslmade thereto
Wi t hout depé‘it]ef‘?‘hfé“fgr g%ﬁ:atlhggg%%:rit ang scope of . the following claims. 13

objects based on the radial density profile dis ron

objects in a selected group of round and elliptical objects;
exposing viral particles to a pharmaceutical drug;

sorting the viral particles/into groups after the exposure to the
pharmaceutical drug; and

analyzing a aifference between the radial density profile
distribution of viral particles before the exposure with a radial

density profile distribution of viral particles after exposure to

the pharmaceutical drug.

2. The method according to claim 1 wherein the method further
comprises analyzing a change of distribution of sizes of the

objects in the image as a3 result of the exposure.

3, The method according to claim 1 wherein the method further



CLAIMS: 1. A method for intracellular counting and segnentation of viral
particles in an inmge, conprising:. pr ovilqi ng an i mage having a plurality of
objects therein; identifying round objects in the imge; sorting the
identified round objects into groups; determning a radial density profile
distribution of the identified round objects; identifying elliptical
objects that are fornmable fromthe radial density profile distribution';
sorting the identified elliptical objects into groups; and identifying
viral particles anong the sorted round and elliptical objects based on the
radi al density profile distribution of objects in a st%I ected group of
round and elld pldCalreoRirRal iittaxposing wiarattypat tPePes 10 a phar maceuti cal
drug; sorting the viral particl esmi%3 nttoothgrggggcaaf b@ysthibe.exposure to the
phar maceut iseair erfgge 2BAFEARAISZTNG  a dif ference between the radial .density
profile distribution of viral particles before the exposure wth a radi al
density profile distributiaon of vir 1:6l &% abttexd expbsure to the

phar maceut i%al TharReghoD 298 bt océagicégg%i&%g to claim1 wherein the method
further conpgiises aanalzyzd Rgrghotbringe sotucirser Phutfon®ot sizes of the
objects in the image as a result of the exposure. 3. The nethod accordi ng
to claiml1 wherein the nethod further 14 conprises determning difference
in a quantity of objects in a group before and after exposure to the
chem cal substance. 4. The nethod according to claim 1l wherein the nethod
further conprises analyzing norphol ogi cal structures of viral particles.



