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Inverse scattering problem
Solution with database

Experimental signal
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Particle characteristics

p=argmin 1% —1(p)
peP



Shape model
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RBC models

Cassini oval

[(x—a)2 +ZZI(X+a)2 +22]: b




RBC models

Scalak
22 =(0.86d / 2)°[1—(2p/d ) [0.01384083+0.2842917(2,0/ d ) +0.01306932(2,/ d )

Borovoy
r=asin@+b

Fung
2(p)=+md . 1-(2p/d)?(0.1583+1.5262(2p/d)? —0.8579(2p/d)* )

PacwupeHHbIn Fung
2=405 1-(2p/d}(Cy +C,(2p/d} +C,(2p/d ')




JKcnepumeHTa/ibHble namepeHuna Fung

BIORHEOLOGY, Vol. 18, pp. 369-385, 1981

THE GEOMETRIC PARAMETERS OF HUMAN RED BLOOD CELLS

Statistics of pooled data from 14 subjects. Sample size N = 1581

Minimum Maximum Surface Sphericity
Diameter Thickness Thickness Area Volume Index
(rm) (rm) (pm) (pm?) (L m3)

Mean 7.65 1.44 2. 84 129, 95 97.91 0.792
Std. Error of
mean +0.02 +0, 01 £0, 01 +0, 40 +0, 41 +(0, 001
Std. Devw, 0.67 0.47 0. 46 15, B6 16. 16 0,055
Min. Value 5.77 0.01 1.49 86, 32 47,82 0.505
Max. Value 10. 09 3.89 4.54 205, 42 167. 69 0. 909
Skewness 0.26 0. 46 0.52 0.53 0.30 -1.13

Kurtoalis 1.95 1.26 0.24 0. 90 0, 30 3.27
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[eomeTpunyeckasa 3agaya

dopma onpeaensaeTca U3 ycaoBma MMHUMYMA SHEPTUN
Aedopmaumm NOBEPXHOCTHU

1
E — J‘Ekﬁl(cl +C2 _C{])Eds

npun puUKcnpoBaHHbIX 0b6béme (V) n nnowaam (S)

kc — elastic constant
c,,C, — principal curvatures
C, — Spontaneous curvature



Shape model

1. V, volume

2. 9] = */‘7;3\/, sphericity index
S 2
3. C,, spontaneous curvature

H. J. Deuling and W. Helfrich
“The curvature elasticity of fluid membranes : A catalogue of vesicle shapes”
Le journal de physique, Tome 37, Novembre 1976



BapuauymMoHHaA 3a4a4a

MeTtoa mHOoXunTtenen JlarpaHi<a

0 {(1/2)kcf(cl + ¢y — co)*dS + ApV + lS} =0
(2.1



[TapameTpunsaumA

sin Y(x d
C, = ;f( ), C, = COS w(x)d—i
de, = 6
dx x
>

X

i 21-1/2 dcp ?
0 x[l—(xcp)] Xa—l- ZCP—C{} +

0

+ (Ap/ky) x* ¢, + 2(i/kc)} dx=0. (2.8)



YpaBHeHUe dnnepa-JlarpaHxa

d_;:l = x[1 — (xc))*]™ ' { (1/2) cl(c, — co)’ — 2] +
+ (Ako) ¢, + (1/2) (Aplk) } — (cm — cp)/x . (2.9)



NTorosas cuctema ypaBHEHUN

de
m 41 a2y 1/2
o = T (= fer) " X
x {ﬂp{(cp - cﬂ}z _ I;:i] + 2‘(’1";{:} Cp

+ (Aplk) — 21 = fep) (e — c)If } (2.11)

d
=2~ D - ) Q2.12)
Y~ x40 - ) (2.13)
ds
f=x2 [paHWYHbIE yCnoBUA:
Cps Cm — principal curvatures s=0:f =0,¢, = Cn = Cmo

Cy, — Spontaneous curvature

- 5 = 05' — ) = _IKEJC = C
s — normalized surface f=fmp=Im m — tmi



PeweHne ypaBHEHUN

Shooting method

11 12 13 14 15

I I I 1 I I
o, 1 0, 2 0, 3 0.4 0.5 0.6 0.7 0.8 0.9



BanaHue V Ha popmy
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V=50..150fl

SI=0.8
CO=-1



Bananue Sl Ha popmy

V= 90fl
SI=0.55..1
CO=-1

------
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Bavanue C, Ha popmy

V =90 fl
SI=0.8
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JBosoumAa Gopmbl NpU n3meHeHunu C,




Spontaneous curvature

-20

KonnyecTtso pelleHnn

®  One solution
m  Two solutions
Three solutions

0.6

0.7

0.8 0.9
Sphericity index
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Surface Evolver

//www.susqu.edu/brakke/evolver/evolver.html

http




Z, um

Moaenb aputpoumnTa

T




XapaKTepUCTUKU YNCNEHHOIO peLleHu

* Pacuét dopmbl ana napametpos (V,SI,C,)
— MeTtoa: Mynbtuctapt 13 81 Toukn Levenberg
— Bpema pacyeTa: = 1.5 cek

* Pacuéta popmbl ana napametpos (d,h1,h2)
— MeTtopa: NHTepnonauma no bl + Levenberg

— Bpema pacyeta: =10 MUHYT




3asucumoctb Sl ot hl/d,h2/d




3asmucumoctb C, o1 hl/d,h2/d




3asmucumoctb C, ot hl/d,h2/d
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Shape Approximation

w(r) =\1-(2r /d) (c +Zc 2r/d)j



Database of indicatrices

d, diameter [4..13 um]
h1l, thickness 1 [0..5 um]

h2, thickness 2 [1..6 um]

nr, refractive index [1.027..1.087] /4"' ?N&\

a ~ W D F

B, orientation [0..90°]

Wavelength A = 660 um
Medium refractive index mo=1.333

Scattering angle 6 = 5°-75°
100 000 records



ObpaboTKka Npobbl OT YC/IOBHO-340POBOr0 AOHOPA
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Count

ObpaboTKka Npobbl OT YC/IOBHO-340POBOr0 A4OHOPA
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Pe3rome

Pe3ynbTaThbl:
1. Pa3paboTtaH meTtoa pacyéta GopmMbl 3pUTPOLLNTA
2. MeTtopa npoBepeH Ha aKcnepuMeHTaIbHbIX AAHHbIX

[lepcneKkTusbl:

1. AHanuntnyeckoe pelleHue

2. Pa3paboTKa meToaa Ana He3epKaabHbIX POpM
3. Y4yéT rmapoanHammnyeckmnx Bo3myLLeHNN GOpPMbl
4. Y4yéT membpaHHOro UMTOCKeneTa



MembpaHa spuTpoumnTa

Rh
RhAG Duffy
CD47 Rh || Kel
Band 3 Band 3 Band 3 XK
GPA lGPA Glut1 | ‘ GPC
LW ’ )
Protein4.2 —— - .
o-spectrin Egan eV K )— P55
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Ankyrin 8 1R‘
B-spectrin Tropomyosin

Actin protofilament

Tropomodulin



JHepruA

t: — j_{h _I_ ]_{A]_) _I_ L1I\"1_5

_ "T*’ j£ (2H — Cy)*dA +

Surface

KT

AA —AAy)+Ev
5 A2 ( 0) +Eums

Eb — Bending resistance
EaD— Resistance to AA
Ewms — Resistance of membrane skeleton



Bapuauuna popm
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«Shapes of Red Blood Cells: Comparison of 3D Confocal Images with the Bilayer-Couple Model»
Cellular and Molecular Bioengineering, Vol. 1, Nos. 2—3, September 2008 ( 2008) pp. 173-181
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Pe3ynbratbl 06paboTKM AaHHbIX Fung
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