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Protein 3D structure of Lysozyme

Figure: Lysozyme (wikipedia)




Protein 3D structures

Protein Structure Portfolio
Click the icons at the bottom to start the slideshow
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Figure: Protein structure gallery (Monash univ.)
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Crystalization

Figure: Lysozyme (wikipedia)




Crystalization

Growing Protein Crystals

Figure: Crystalization.(Cornell Univ. CrySis)




Crystalization and protein structure identification
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Diffraction Process Diffraction Pattern from NSLS

Figure: Crystalization and diffraction pattern.(Cornell Univ. CrySis)




Crystalization and protein structure identification

crystal

diffraction
paticrn

electron
dansity map

E
u
E
-
g

atonic

Figure: Crystalization and Structure recovery.(wikipedia)
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XFEL (X-ray free electron laser)

Figure: Spring8




XFEL (X-ray free electron laser)

Figure: XFEL
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XFEL (X-ray free electron laser)

Figure: XFEL in the world




Ba&%mw

@ Fourie v Tm?ﬁov'/\/\gf ?L‘&S’Q
() ED STvucTwre S bromae cudla

©) X”Ymﬂ Fves  Blectvon L&Sév (XT:\EL)

@ X’Vﬁ*j O&\\i@mfﬁbm JE S?V\jﬂ_[ﬁ b\\OW\Q[QCU\h

—

onpos,wk method
A P hase yeteuad

QA Stomdaro! matheol (HI O )
(0 P\(‘O?QS—Q_O\ A2 Thoeol CSPR)

@ N oomee v Coj Qﬂbe\ﬁiv\/\o.mfs



@ STV\JZ,[Q V\/\JO(‘QCQA/QQ o(t‘F(mc"ﬁ\mV\ Wit X R B

CD\/\U‘Q.V\f\\OV\J Oh‘@f‘o&-ft\ovx rl\A/\ayg,tvul

@ X—m 1S ol sfve«fL
L)ui 'V“%Pon\ oot |
w e howe 7/%0[ T2

I

Luagiy wite X REL

OKV\D'P :
l @ l/\,\'f tla )C-V‘wj wi L
{mn, {&,QQ‘
va(-Qt. ’Lﬁ_&,u}
. Dot

wWill SN Sems




Protein structure identification with XFEL

drop a sinlge protein molecule.

deffraction péttem

Figure: Protein diffraction pattern with XFEL.
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Protein structure identification with XFEL

Figure: Angle retrieval problem.
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Protein structure identification with XFEL

(a) Electron density. (b) Ideal diffraction pattern.

Figure: Electron density and ideal diffraction pattern.
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Protein structure identification with XFEL

(a) X-ray fluxes 1.0 x 10%!(photons/pulse/mm?).  (b) X-ray fluxes 5.0 x 10! (photons/pulse/mm?).

Figure: Diffraction patterns in experimental situation.
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(8 Reconstructed electron den- (b) Reconstructed electron den- (c¢) Reconstructed electron den-
sity with u = 10000. sity with u = 100. sity with u = 1.

Figure: SPR results with different 1 for true diffraction data.
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(8) Reconstruction from diffrac- (b) Reconstruction from diffrac- (c) Reconstruction from diffrac-
tion image Fig.2b by the SPR tion image Fig.2c by the SPR tion image Fig.2d by the SPR
method with u = 0.001. Errore method with u = 0.1. Errorg is method with = 0.05. Errorg is
i$1.60x1073. 0.2009. 0.277.

Figure: Reconstruction with SPR.




(8) Reconstruction from diffrac- (b) Reconstruction from diffrac- (c) Reconstruction from diffrac-
tion image Fig.2b by the HIO tion image Fig.2c by the HIO tion image Fig.2d by the HIO
method. Errorg is3.30x10 3. method. Errorg is 0.220. method. Errorg is0.291.

Figure: Reconstruction with HIO.




A ol ko P\ro (o[evv\

S lhadow

/¢\, :

beaun s topPRv

Tlhaeve ¢
Ve S & La%m—?foﬂéﬁ/\, O\.\/DUK«V\,O(( ‘f’lr\.SL cenlanc

BDS’% 303‘ o{“ﬂﬁmd“\“ovx ?wm%o"@ L7§o&7W\‘L

L Ccentn @\xejt — T,
3% 3 \ — 35 % -
i : B . 9/0 ‘\3\/\0101\& OAL }A)lO(LQ,O(



Q(% [ ) Cguv&wlFuv — [ vav) (\’\ZWW}‘S'W_

Q_ A utcible @Exe,\ sl .

The some OJL%WE’YW\ com be waed.

Mo\rQ waST o\%ou\vvﬂ p\/\O’QOV\S [ess  thoanm tha HIO watinod



SPR without 1 center pixel

15 ' )
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Figure: Error and p.




SPR without 1 center pixel

(@) Reconstruction from diffrac- (b) Reconstruction from diffrac- (c) Reconstruction from diffrac-
tion image Fig.2b without the tion image Fig.2c without the tion image Fig.2d without the
central pixel by the SPR method centra pixel by the SPR method central pixel by the SPR method
with u = 0.0001. Errorg is with u =0.002. Errorg is0.156. with u = 0.005. Errorg is0.195.
1.78x 1075,

Figure: Reconstruction with SPR.




HIO without 1 center pixel

(8 Reconstruction from diffrac- (b) Reconstruction from diffrac- (c) Reconstruction from diffrac-
tion image Fig.2b without the tion image Fig.2c without the tion image Fig.2d without the
central pixel by the HIO method. central pixel by the HIO method. central pixel by the HIO method.
Errorg is1.01x 102, Errorg is 0.245. Errorg 150.318.

Figure: Reconstruction with HIO.




SPR without 3 x 3 center pixels
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Figure: Error and p.




SPR without 3 x 3 center pixels

(@) Reconstruction from diffrac-
tion image Fig.2b without the
central 3 x 3 pixels by the SPR
method with u = 0.0001. Errorg
i$2.34x 1076,

(b) Reconstruction from diffrac-
tion image Fig.2c without the
central 3 x 3 pixels by the SPR
method with u = 0.002. Errorg
is0.222.

(c) Reconstruction from diffrac-
tion image Fig.2d without the
central 3 x 3 pixels by the SPR
method with u = 0.005. Errorg
is0.267.

Figure: Reconstruction with SPR.



SPR without 3 x 3 center pixels

(8 Reconstruction from diffrac- (b) Reconstruction from diffrac- (c) Reconstruction from diffrac-
tion image Fig.2b without the tion image Fig.2c without the tion image Fig.2d without the
central 3 x 3 pixels by the HIO centra 3 x 3 pixels by the HIO central 3 x 3 pixels by the HIO
method. Errorg is0.128. method. Errorg is 0.487. method. Errorg is 0.557.

Figure: Reconstruction with HIO.
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Astro-H project.
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smartphone with a radiation detector
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gamma-ray camera as a pinhole camera
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Compton camera imaging.

Compton Camera
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Physical parameters of the simulated semi-conductor.

density energy resolution

[g cm™] FWHM[keV]
scatterer| Si 2.33 2.0
absorber | CdTe 5.86 2.0
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Design of bins of u and wv.
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Distribution of the received photon from center.




Distribution of the received photon from 8° off center.




Distribution of the received photon from 12° off center.




\’EX E ctiwellon \N\Of\/w&\

ZCGW): |, Zptwd) =] %?W\W\):( ,

A

/—ok\\ﬁ. o 9Tl waRoL
qle)= Tpwlw) f2)
) A
So\,w\?m ’g“f’ovw o W ture OU‘Q'Q. ONR O)M-

E&(/(w WA X T~ Co\l\/\i?ﬁ‘)\/kﬂ/tk NS e nowwn (P(‘\U\k\l/\»)ﬁ

we wand o esfinele thae w\?x\‘\/\ﬂa_ ol ook ( (S(M\j.



£ tination \/\/\D._‘E—\/\/OA QEM “/‘Q%ZD\(\\\T\NWV)

Ologz/u;of(lom: V4 (-f(—“—\\ e M}

£\

STMW\A}_WQFOM @(E)W\) . UKJPOQQCTQ e(\u\) oty tollows

=S
(
ePp) = T Pl Elw)
m o) ( i 'P(AUHW e(&zw\
Pty = = Cfm(%)

TWD 'PV‘D‘DKQW\A

AN
Q@ Plw) s not Sporde MAP esRuate witl

Dividalet ’{)V\Co\/\

S low COV\M?/Q/\/\Q'QJ — A?@my\‘w\oﬁov E\\QL\Q/{ACCOV\:V\#.



() Co MTOW COUMQN O

© Cow,@fsw COMN G ivv\@vé}rﬁ%

@{ ML0_S un WA n A procesd
\‘Q o ot inmotion weattsd,

<€& \ V\/\J?\[‘O UL \/\/T

@ Co V\-C/\up%c\e (A4



M AP ectinodion (BO\AJQ/%CM oJPPV\oon[/\/>

IV\ MT\/\OV\OV\AAj &/h)'i)‘v‘oxtv\/\ojtovul PC\U\:) SL/\,OU‘QCA be QEC‘M\&,Q,
(loft st OIS§

@(W\\ S V\M&ﬁ\/\OWx\\wQ diet. [fg Cow}m%oﬁq ’(I)V‘:QV\ 'S
Divechlel dist,

M o ~
Ta(p) = 1L(z:;)\,3 UP(W\B l)(Mrstmfﬁo\C\u\, )

M AP estimots

/P\(V\A? - OU\%“MO”X [M(’IP <Q L«Lf‘ T /\L/‘M\]

= O\/J&vv\o\x Rd—\sg\%;s’_?(m)‘fl:_(e_)}
lb%r;~ (ilﬂ)&fb&&o&

N
‘\CDV‘ X < l ; (DMA-? CJ(QA/\Q/\@/U/j [A)Q_C_o\/v\Qs Q',EO\/\JS/Q,,




Gamma-ray sources used for numerical simulations.

(30°,30" (30°,30") (30°,30")

(-30°,30") (-30°,30") (-30°,30") ..
(-30°,30")

(30°,-30") (30°,-30") (30°,-30") (30°,-30

(-30',-30) (-30',-30) (-30',-30) (-30°-30)

(a) single point source. (b) two point source. (C) two point source. (d) distributed source.




Reconstructed images for data from (a) sigle point source.

(30,30 (30°30)  (-30°30) (30°,30)  (-30°,30) (30°,30")

1]

(=30°,-30) (30°,-30) (-30°,-30") (30°,-30) (=30°,-30) (30°,-30)

MLE reconstruction. MAP reconstruction. Back projection reconstruction.



Reconstructed images for data from (b) two point source.

(30,30 (30°30)  (-30°30) (30°,30)  (-30°,30) (30°,30")

e ]

(=30°,-30) (30°,-30) (-30°,-30") (30°,-30) (=30°,-30) (30°,-30)

MLE reconstruction. MAP reconstruction. Back projection reconstruction.



Reconstructed images for data from (c) two point source.

(30,30 (30°30)  (-30°30) (30°,30)  (-30°,30) (30°,30")

ann

(=30°,-30) (30°,-30) (-30°,-30") (30°,-30) (=30°,-30) (30°,-30)

MLE reconstruction. MAP reconstruction. Back projection reconstruction.



Reconstructed images for data from (d) distributed source.

(-30°,30) (30°,30) (-30°,30) (30°,30) (-30°,30) (30°,30")

N\ NN

(-30°,-30) (30°,-30) (-30°,-30) (30°,-30) (-30°,-30") (30°,-30)

MLE reconstruction. MAP reconstruction. Back projection reconstruction.
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