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Abstract

In the processof three-dimersionalrecorstrudion of biologicd macromdecules, severd hundeds,or
thousands,of projectiors aretaken from different digitized micrographs(photographsfrom Electron Mi-
crosc@e). Prior to the recanstruction itself, theseprojectionsneedto be normalizd, by scaling their pixel
valuesproperly. Subsegentstepsof theprocessinvolve classification, location of the projectiors accordng
to the samerefererce coodinatesysemand,finally, the threedimensimal recanstriction of the specime
understudy In this work a new normailzation procedureis descibed. Simulationrestts of the distorsions
prodwcedin thefinal 3D object by usingthis differentnormalzation procedurearepresnted,andyzed and
comparel to currentnomalization appoaches.

Keywords. densty scalirg, single particles,threedimensonalrecanstrudion, visualization,imagepro-
cessim.

1 Introduction

In orderto carryoutathreedimensioml reconstuctionof anobject
from its two-dimensioné projedions, the following stepsmustbe
solved: (1) the projectons mustbe localized in the samereferene
coordnatesysten, or in otherwords,the Eulerangles(d, ¢, v) val-
uesthatdescrbetheir orientationmustbeknown. (2) Thevaluesof
thetwo coodinates/dz, dy) thatdescribehelocationin theprojec
tion relative to theorigin of thevolumecoordinde systemmustalso
beknown. (3) All projectimmshaveto becorrectly weighted thatis,
all they have to belongto the same3D object. If any of thesethree
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pointsis not fulfill ed,a distorte&l repregntationof the 3D object[1,
p.214]would beled.

The startingdatafor athree-dinension&dreconstuctionareelec-
tronmicrosopy photogrphs(sonamel “micrographs”)of amaco-
molealle prepaationwhosestructue we wantto know. Onthemi-
crographswe obseve mary (dozen$ of images thatwe assumein
prindple, to be projedions of a samestructue. To obtaina recan-
structon at high resoldion levels (< 10 ,&) we needthousand of
suchimages.Recantly, the 50Sribosomeof E. coli wasresoled at
7.5A[2] using16,000projedions.

In this work we areassuminghatpoints(1), the orientation, and
(2), thecoordinde systemorigin, arecorred for all projedions,and
we shallfocuson the point (3) aboutthe weighing, or normaliza-
tion, of all pixelsvaluesfor eachprojectia.

Van Heel et. al. [3] presats an excellent review of all steps
involved in single partides 3D recorstruction Geneal considera
tions of cryo-ekectronmicroxopy in singleparticles canbe seenin
[4, 5, 6].

2 Normalization procedures

Thegenerabrocalureto scalepixelsvaluesis to normdize themat
asamemean,z andstandad deviation, o, usingthe equaton:

D! = (D~ %)/o @)

whete D; correspondgo the normdized pixel valuesand D; arethe
pixels valuesof theoriginalimage

Herewe goingto compae threeprincipd proceduesusedin the
field to normalze:

1. Carazcetal [7] normdize all theprojectionsatasamezeromean
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andstandarddeviation of 1.

2. Radernachel[8] normdizestheprojectbnschangngthecs value
in Eg. (1) to themearnvalueof thebackgraindof the projectim.
This backgoundvalueis calcubtedover theimage borcer, in a
zonefreeof specima compaments.

3. A new procedue in which the valuesof z andes in Eq. (1) is
calculaedovertheborderzonelikein thepoint(2).

Thenormalization procedue usedby Boissé etal [9] is reducel
to theprocedire (3) if we supposehatbackgraind(thenoise)hasa
Gausiandistribution [10].

Schatzet al [11] normdize all projectionsaspoint (1), usinga
zero meanand an arbitray variane value of 100. Rosemaret al
[12] simply mentionthatall projedions are normalizd at a same
meanandstandardieviation.

3 Experiment

To studythe effects producel by the threedifferent normalzation
procalurespresentd in sec.2 on the final 3D recamstructiors, the
following expetimentwasperformed:

1. A realigic specinen was constricted: With the atomic model
of thebacteiorhodgsin[13] anew lowerresolution modelwas
createdat6 A, usingtheprogamsSitus[14] (http://sitws.scrippsedu).
Theresuling volumehadasizeof 60 x 57 voxels with sidesize
of 1.2 A andwas paddel with zerosto obtaina cubevolume of
size60 voxels by side.

2. A setof 10,361 projections were create from the specima.
This numker of projectons correpondto take equispaed sam-
pleson thefull 3D orientation spaceat a tilt (the secand Euler
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angle,p) of 2° [15], atrange9)° < 6 < 360° and0° < ¢ < 180°.
Letthissetof projectimmsbenamedby P{}. Eachprojectionhad
asizeof 60 x 60 pixels.

3. A new setof noisyprojectons, P,{}, wascreatel addingGaus-
siannoiseto eachprojedion at afractioral noiselevel (fnl) [16]
of 0.40. Thelevel of noiseaddel to eachprojecton is expressd
asthe ratio betwea the standarddeviation of the addel noise
andthe averagentensityrangefor all images.

4. Threenew setsof projecticmswerecreated:

(a) Let A{P,{}} the setof projectbns create from the setof
noisy projections and normdized with Carazoet. al proce
dure.

(b) Let B{P,{}} the setcreatedusing Radernachers normd-
ization procedire.

(c) LetC{P,{}} thethird setof projectonscreate with thenew
propsednormaliation procedue.

5. Four 3D reconstuctionswere createdusing the Algebraic Re-
constrution Techniaie (ART):
e V , thevolumerecorstructedrrom P, {}
e V4, theseconl reconsructionobtairedfrom A{}.
e V3, thethird volume obtainel from B{}.
e V¢, thefourth volumeobtainedrom C{}.

Theprojectons,3D reconstrations,andothers operatims, were
carryoutwith the Xmipp packaye[17]



4 Results

(a)“Frontal” view (b) “Lateral” view

Figure 1. Two Iimages taken from PBD atomic coodi-
nates of the bacterorhodopsn with rasmol program (see
http://mww.inpharmati@.co.uk/asmol/).
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Figure2: Exanplesof projecticns without (top row) andwith noise(bottan
row)



(a) Original (b) Vp,

(€)Va (d) Vs ©Ve

Figure3: Imagesof the slicenumber 29 (a) of the original specinen, bacte-
riorhodopsinataresolutionof 6 A and(b)-(e) of therecorstructedvolumes.
Image (e) shavs two redlineswhich valuesarepresetedin next figures.
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Figure4: Grapts of the real voxels valuesat rows 24 and45 on slice 29 of
the recorstructedvolumes The rows usedare shovedin redin Fig. 3(e).
Radeémachermprocedue resultsin a poorerdynanic range.
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Figure5: Grapls of the normalizedvoxelsvalues,betwea 0 andl, atrows
24 and45 on slice 29 of thereconstuctedvolumes.Cleaty the procedues
usedby Carazoet. al. andRadernacherprodu@dthe sameresult. The new
propasednormadization procaluregive usarecorstructionpradically indis-
tinguishablefrom the recanstructionobtain@ from non-nornalized projec-
tions.
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Figure6: Visualizaton of thevoxelsdifferercesbetweer8D reconstrations.
For all four imagesshaved, the greenwire representthe 3D reconstuction
Vp, (without normalization) Thetwo top imagesshav the differentvoxels
(on violet color) betweenvolumesVpy andV, (Carazoet.al. procelure).
Thetwo bottomimagesshow the differentvoxelsbetweernvolumesVp, and
Ve (thenew proposedhormadization procedire. Thevolumes wereobtaired
taken 5280voxelsfrom thehistogran densityfunction startingwith thehigh-
estdensity[1, p. 268]. The® imageswererendeed using Sculesprogran
[18]. Thedifferentvoxels betweenvolumesV,, or Vi, andVp, were 556
voxels equvalenty to 10.5%. Thedifferentvoxels betwea volumeV and
Vp, was43voxels,or 0.8%
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