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XnBas npupoaa «0TropaXkMBAETCS» OT KPUCTa/I/IMYECKOro TUMa YNopsiA0YEHMS B TDEXMEPHOM
3BK/INI0BOM MPOCTPAHCTBE NEPEXOAOM OT MHBAPUAHTHOCTU OTHOCUTENBHO HECKOHEUHOM
TPaHCSILUMOHHOWN PELLETKM K JIOKa/IbHOM HAaHOCTPYKTYPHOM NEPUOANYHOCTU XMBbIX CUCTEM,
onpeaensieMo UHBApMaHTHOCTbIO OTHOCUTENBHO '

KOHCTPYKLMI anrebpanyeckon reoMeTpum

“rnobuHoBbINA”
“TpynNucTHuk”
“‘BBepx-BHU3”

“I'pevecknin knoy”

[eBATbL OCHOBHbLIX MOTUBOB *a-B coHmBUY”

CBOpaYMBaHuA rnoobynsapHbIX 6enkoB
(Orengo et. al., 1994, Nature)

“Markvin pynet”
“[1BONHOE KpbIno”
“o- pynet”

“Ooyka”

3D mMonekynapHasi CTpyKTypa, onpeaeneHHas MeToAaMmn peHTreHOBCKON KpucTaniorpaduy,
He AaeT MNOJTHON MHMOPMaLMM O BO3MOXXHOM JTOKa/IbHON NEPUOANYHOCTU ANS XKUBbIX KNETOYHbIX
NOACTPYKTYpP, 6€3 Yero CTpyKTypHble 0COBEHHOCTU MOJEKY bl MOMYT UMETb TAKOE XKe OTHOLUEHNE
K peanbHbIMK XUBbIM CUCTEMAM, Kak AaBHO U XOPOLLO M3YyYEHHble
CTPYKTYpPbl NibAa K CTPYKTYpe BOAbI, 10 CUX MOP HEYCTaHOBNEHHOW.



Study of protein crystals: spatial structure of the two subunits
endonuclease R.BspD61
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Crystals of a large subunit of endonuclease R.BspD6l

G.S. Kachalova, E.A. Rogulin, R.l. Artyukh, T.A. Perevyazova,
L.A. Zheleznaya, N.l. Matvienko and H.D. Bartunik.
Acta Crystallographyca, 2005, F61, 332-334

G.S. Kachalova, E.A. Rogulin, A.K. Yunusova, R.I. Artyukh, T.A.
Perevyazova, N.I. Matvienko, L.A. Zheleznaya, and H.D.
Structure of a small subunit at 1.5 A resolution Bartunik. J. Mol. Biol., 2008, 384, 489-502




Beyond cr'ys1'a|s: the marriage of inert and living structure

“In 1976 we have developed and created the method of high-speed
diffractometry of biological objects on VEPP-3" A.N. Skrinsky

X-ray pattern of crystal powder X-ray patterns of collagen
zesEc 934
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Ge powder, t = 20 sec, sin 8 =1.744 0=0.0014rad ,t =12.5 msec, 0 = 0.0052 rad, t =100 msec,
reflection at spacing of 66 nm observed about twelve reflections

X-ray patterns of muscles

at rest(épgbr?g%);;nr%é()etanus at rest (points) and during K+ contracture at rest (points) and rigor

(6 = 0.005 rad) (0 =0.0072 rad)

In energy diffractometry (©=const method) experiments on SR of VEPP-3 storage ring were conducted using semiconductor
spectrometer with high energy resolution (170 eV at 5.9 keV) combined with multichannel analyzer EDAX

Vazina A.A., Gerasimov V.S., Zheleznaya L.A., Matyushin A.M., Saveliev V.B., Sergienko P.M., Srebnitskaya L.K., Frank G.M.,
Kulipanov G.N., Sidorov V.A., Skrinsky A.N., Feldman I.G., Khabakhpashev A.G., Khlestov V.B. Hihg speed diffractometry at
radiographic study of structure and dynamics of structural transformation of biopolymers. Preprint, Pushchino, 1978.



Application of the semiconductor spectrometer with SiLi detector (energy resolution 150 eV)
to X-ray diffractometry of biological objects by ©=const method

SR of the storage ring VEPP-3 was used as a source of polychromatic radiation.
The preliminary measurements have shown structural changes in muscle functioning.
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Gimanov V.P., Goganov D.A., Kosyankov A.P., Vazina A.A.,
Matushin A.M., Shelestov V.M., Kulipanov G.N. J. Biophysics,
XXIIl, 2,1978,393. (in Russian)

Gimanov V.P., Goganov D.A., Kosyankov A.P., Vazina A A,
Matushin A.M., Shelestov V.M., Kulipanov G.N. J. Equipment and
methods for X-ray analysis X, 1978, 21, 134. (in Russian).



X-ray diffraction and fluorescent technique
with using of synchrotron radiation

The time-resolved small-angle station at 5B beamline of the storage
ring VEPP-3: A =0.151 nm; one-coordinate proportional detector OD-
3 and Image Plate; sample-detector distance 300 — 2000 mm

Time-resolved diffraction of
Aul’chenko V.M., Vazina A.A et al., NIM (1995) A359, 216. frog sartorius during twitch

DUBBLE SAXS/WAXS BM - 26 at ESRF Prrrrrrre D rTrreT

Lz‘,f::g CRL N 2.0.124 nm ' . ! f
2 - 'ﬁ/ Beam size 0.2 x 0.2 mm i " prov—
»"“7 N \“q Exposure time 1 min i} .O - Sa_eo
% 22 m 15m _ 2D multi-wire proportional A )
N e gas-filled detector , |
. - pe— |0 I Seaenoot

Hair tissue of human

The small-angle station of ‘diffraction cinema’ DICSI of “Siberia-2” WA v

storage ring (NRC “Kurchatov Institute”) is improved version of small-

angle station at VEPP-3.

| =70-100 mA; A = 0.162 nm; Image Plate and free-parallax detector

OD-3 with a count rate of 10 MHz at spatial resolution of 160 um; .

sample-detector - 270 and 510 mm Bombyx mori Antheraea mylittg

X-ray diffractions of silk

X-ray fluorescence was carried out on XRF-SR station of VEPP-3
storage ring : exciting radiation energy from 18 to 25 keV, -
monochromator Si (111), a semi-conducting Si(Li) detector with a

resolution of 170 eV at the energy of 5.9 keV , exposure time 10-15 min. o
X-ray fluorescent spectra of the samples studied allowed us to '
determine the relative content of the following elements: o AARNER AN AN IR RN AN A AN ERER NS
K, Ca, Cu, Zn, Fe, Mn, Cr, Se, Br, Co, Mo, Ni, V, Sr, Rb, Y, Sc, Ti, e sof Laul % e 1R} wrfun oo sor] e} juss
Ga, Zr, Nb, |, Sn, Sb, Ba, La, Ce, Nd, As, Pr, and Pb. e e bl

X-ray fluorescent spectra



Time-resolved X-ray diffraction of muscle during contraction

V.M. Aul'chenko A.A. Vazing etal /
Nucl. Instr, and Meth. in Phys. Res. A 359 (1995) 216-219
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The principle of dynamic correspondence of symmetries is crucial for the
understanding of all types of biological motion

Different symmetry and
incommensurable periodicities of

~muscle filaments
Myosin filament: 3, 42.9nm

Actin filament: ~2, (15/7) 36.5nm

1
tropomyosin 20N MOAGME!

Vazina A.A. Nucl. Instrum.Meth. (1987) A261, 200-208.

We postulate the general rule of structural organization of muscle contractile system:
there are no equivalently symmetric points along the trigonal channel of hexagonal lattice of
muscle sarcomere due to the specific morphology of tubular anisotropic neighbourhood formed by
myosin and actin fibrils modulated by minor proteins and having the different symmetry and
Incommensurable periodicities.




«AundppaKkumMmoHHOe KMHO»
CTpykTypHaa aMHaAMMKa MbILILbI

B akTMBHOM nonepe4vyHoO-NosiocaTon MblillLle 3aperucTpmpoBaHo
KopoTKoxuByLiee (0kono 40 Mc) HAHOCTPYKTYPHOE COCTOsSIHUe,
cchopmMmmMpoBaHHOE MOCTUKAMU TPEX MUO3UHOBbLIX HATEN OKOJI0
aKTUHOBOW, O4HAaKO nepuoa AUHAMU4Y€CKON MMO3MHOBOW
CTPYKTYpPbl HECOU3MEPUM C NEepUoaOM aKTUHOBOMN.

BbiaoByMHYTa OpuUruHanbHaga rmnore3sa MexaHu3ma reHepauum CcuUnbl
Ha OCHOBE NMPUHUMNA AUHAMUYECKOro COMNMpsAXeHUs1 CUMMeTpUun
MWO3NHOBbIX U aKTUHOBbLIX HUTEMN.



B TpnauaTtbie roabl Yusabsam Acr6epy, kpynHbii OpUTaHCKnin
yYeHbIN, aHanm3npysa doratble peHTreHaNdPakUMOHHbIE
KapTUHbI MKaHU 8osioca, NPeanoXun Ans CTPYKTYPHbIX
nccriegoBaHnn BUONOrMYECKNX MOSEKYIT
cakpamMeHTanbHbI TEPMUH «MOJIEKYIsipHasi buosioausi».

CTO neT cnycTs, akTyanbHbIM HanpaBneHnem
HaHOCMpPYyKmMypHbIX uccriedogaHull rnpu Ucrofb308aHuu
CUHXPOMPOHHO20 U3/1y4eHUsi AN Hac ABNSIETCS
«cmpykmypHasi b6uosio2ust mKaHu».



Three fibrillar structures of contractile system of muscle

Extensible Thick filament-bound
Z-line, I-band Titin M-line, A-band Titin
Titin N-term. Titin C-term.

Thin »>|D < C >

zone zone Thick

o [-band »|<€————A-band ————>|«d-band Hameng

<«— Sarcomere ——»

Titin is a giant extraordinarily long, flexible, and slender protein found in the cross-striated muscle. Titin has a highly
modular architecture consisting of multiple repeats of two sequence motifs, each about 100 amino acids long, named
type | (fibronectin) and type Il (immunoglobulin).

The molecular mass of the single titin polypeptide chain is about 3 MDa, and the length of the molecule is about 1 um.

Elasticity of titin is a key parameter that determines the mechanical properties of the muscle: reversibility, i.e. capacity to
vary its length by 100% to 400%, and transduction of passive tension generated by the stretched muscle.

Individual domains or dimers of the immunoglobulin superfamily are capable of crystallizing in solution to form perfect
crystalline lattices.



SAXS patterns of oriented titin samples have fibre symmetry

SAXS/WAXS patterns of oriented titin fibres display
three major characteristic features:

the absence of meridional reflections;

the presence of only equatorial reflections;
the presence of only two diffuse rings

at spacings of 0.46 and 0.98 nm
c) 2 ‘:
| 4.8 nm
. o -
d) ; ‘ ‘: During the strong stretching of titin fibre:
- all equatorial reflections disappear

at the neck zone;

* the presence of two diffuse rings
0.46 g, at spacings of 0.46 and 0.98 nm never
—— depends on stretching degree




The structural morphology was modeled from SAXS/WAXS patterns of
titin fibre in combination with crystallographic data of homologous
domains

The nanoscale model of a titin molecule consists of an array
of rigid domains of Ig- and FNIII-types covalently-connected
by conformationally variable short loops of a polypeptide
chain,

The major characteristic feature of morphological model is the
presence of non-equivalent positions of domains due to three
possible types orientational distortions sensitive to the
environments, namely splay, twist and bend of conformationally
variable loop.

®
v
<

The point group of symmetry of the titin molecule can be
determined as S,, with the axial translation 7,



CTPYKTYPHbIU Me€XaHN3M OUPYHKLMOHANTbHOCTM
npupoaHoro uononumepa TanTUHa
paccmMmaTpuBaeTcAa HaMU B paMKax oU3NKu
KpUcTannmnyeCKkux CUHTeTUYECKNX nonumepos, Ans
KOTOPbIX XapakTtepeH heHOMeH OpUeHTaUuMOHHOro
MenTuHra, a UMeHHoO, TPexcTaaMUHOCTb
3aBMCUMOCTU PaCTAXKEHUA OT Harpy3Ku.

Takoun cheHOMeH OOyCroBNeH XaoTUYEeCKUM
pacnpepeneHnemM KpuctannutoB OTHOCUTENbHO
BEeKTOpa NPUIIOXeHHbIX CU-.



Pulling as a determinative factor in formation of the heterophasic structure of
multidomain proteins of immunoglobulin superfamily

The stress sfram relation of titin fibre
clear'ly dls ¥s three-stage behavior similar
of cr'ys1'allme polymers

Scheme of neck zone development
in course of orientation of titin fibre

0 H Intact titin fibre

Fa

l [

0% 50% 500% AL/L
Strain
Any synthetic crystalline polymer also shows
three stages of stress-strain relation

Mechanical experiments with titin fibres
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Q.Li, A.Vazina, K.W.Ranatunga, D.Alexeev, A.Soteriou, J.A.Trinick
Fibre diffraction review .1996, 5, 49.

A.A. Vazina, N.P. Gorbunova, N.F. Lanina, I.P. Dolbnya, W.
Bras, |. Snigireva NIM, 2005, A543, 148-152

The idealized one-dimensional schematic representations
of the domain arrangement of a titin strand at different
stages of stretching

the initial state

the non-equilibrium stage

the starting neck stage

c)
d) P—=ameml—esr- '—~*4“—-'—‘{j—v the stage of a fully formed

neck

Dynamics of titin domains in nanoscale model

A.A. Vazina, N.F. Lanina, D.G. Alexeev, W. Bras, |.P. Dolbnya.
Journal of Structural Biology , 2006, 155, 251-262.

This model demonstrates the novel double-phase state of configuration
of the polypeptide chain in an individual titin molecule: the highly
ordered rigid crystallites (B-barrels) co-exist with a fully melted
(unfolded) polypeptide chain




Nanophase separation of structure can develop in any biological
covalently-connected multidomain macromolecules

Electron micrographs of human immunoglobulin IgG3 Kuc
bring to light the nanophase separation of molecule structure
with characteristic lengths in the nanometer scale.

High-ordered rigid crystallites (f-barrels) co-exist with a fully
melted (unfolded) polypeptide chain.

0025um . . . .
- Multidomain proteins, where the domains are usually formed as
u) clccmm Illi(,‘l‘ugljuphs of intact molecule 1G 3 modules covalently ‘strung together’ in a single polypeptide chain,
and its schematic representation; have potential capacity to produce adequate response to stimulation

b) I1G 3 molecule after heating at 65°C

. : : in any direction of force field of any kind.
and its schematic representation;

Such a macromolecular structure can automatically become an ad hoc

_ molecular set-up for carrying out its natural biological function.
S.Ryazantsev et al., Eur.J.Biochem., 1990, 190, 393-399.



HaHo-cha3Hoe pasgeneHue CTPYKTYpbl MOXET pa3BMBaTbLCA B NHOObLIX
OMonorn4yecKkmMx KOBaneHTHO CBA3aHHbIX MYJIbTUAOMEHHbIX MaKpOMOrieKynax

TpaeKTopvuo uenun B pacnmnasjieHHOM AOMEHE OYEeHb TPYAHO onpeaerintb akCnepnmMeHTasibHoO B MakpoMorekyrie

a) electron micrographs of intact molecule 1G 3
and its schematic representation;
b) IG 3 molecule after heating at 65°C
and its schematic representation;
Arrow head cb in (a) and arrowheads HR in (b)
indicate the native and unfolded domain in the
hinge region (from S.Ryazantsev et al.,
EurJ Biochem., 190,393-399, 1990).

060y>|<p,eHV|e ANEKTPOHHO-MUNKPOCKOMNYECKNX OaHHbIX
cornacoBaHo € aBTopomM

Bbina BmM3yanuamposaHa Mopdonorust eguHon NnonunenTUaHOM Lenu B
OTOEeNbHOW MaKpoMOoseKyrne.

ONEeKTPOHHO-MNKPOCKOMNYECKUI CHAMOK MMMYHOTrNobynmHa Yenoseka
IgG3 Kuc aeMoHCTpupyeT HaHO-gha3Hoe pasgerneHne CTpyKTypsbl
MOSEKYmbl C XapakTePHbIMN ASIMHAMW B HAHOMETPOBOW LUKarne.

BbicokoynopsgoveHHble XecTkue kpuctannutbl (B-604kn) cocyllecTsytoT
C NOMHOCTLIO pacnnasneHHon (unfolded) nonunenTMgHOM LENbIO.

Bronornyeckoe 3HayYeHne 3TOro YHUKanNbHOro COCTOSIHUSA CTPYKTYpb!
3akn4vaeTcs B cnocobHocTn obecneynBaTtb OQHOBPEMEHHO U BbICOKYHO
3MaCTUYHOCTb, U XECTKOCTb (DYHKLUMNOHUPYIOLLMX CUCTEM.

MynbTMaoOMeHHble 6enkn, B KOTOPbIX AOMEHbl 0O6bIMHO CHOPMUPOBAHBDI
KaK KOBaneHTHO «COLUHYPOBaHHbIE BMECTE» MOAYNWN Ha €ANHOM
nonMNenTUAHOM Lenu, MMEKT NoTeHUManbHYy crnocoOHOCTb
NPOn3BOANTb afEeKBaATHbIA OTBET Ha CTUMYMALMIO MO ftobomMy
HanpaeBreHuo Mo CUI PasnnUYHOM NPUPOAbLI.






B nocnegHue roabl 6ypHoe pa3ButTue CTPYKTYPHbIX
MeToA0B Ha OCHOBE CUHXPOTPOHHOI0 U3J1Ty4YeHus
CTUMYJIMPYETCSH BbI3SOBOM 6e3rpaHnUUHbIX Haaexa

ob6LlecTBa Ha BCEMOryLecTBO HOBbIX

MHCTPYMEHTaJ1IbHbIX pa3paboTok 6onbLion hbusmnku
ONnd uenem MeguLUMHCKOM AMAarHOCTUKU U Tepanum



X-ray study of Hair tissues

The possibility of using synchrotron fibre sE=Ran
diffraction of hair to screen for pathologic : g
conditions such as breast cancer proposed
by V. James was not confirmed

Content of Ca and Br in hairs of individual donor was obtained by scanning
along the sample point by point from the root region to the tip at 5-100 mm interval
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“Using hair to screen for breast cancer”
Veronica James et al. Nature, 1999, 398

The element content increases from the hair
root to the tip for most of the minerals
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Fatma Briki et al. (LURE, France) Nature, 1999, 400, " o
Synchrotron Radiation News, 1999, 12, 31-36:

Michael Hart (Brookhaven NSLS, USA)

H. Amenitsch et al. (Synchrotron at Trieste, Italy)

Klans Schroer et al. (Brookhaven NSLS Beam Line X12B,)

Benjamin Chu et al. (Brookhaven NSLS X27C, USA)

A.A.Vazina et al.,(VEPP-3, Russia) NIM, 2001, A-470. /
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A.AVazina et al., Nucl. Instr. Meth. in Phys. Res., 2001, A-470




CmpykmypHasi OuHaMuKa mKaHuU 80J10C, Nodeepa2Hymbix delicmeuro 6HeWHUX ¢ghakmopoe ‘

/  “Noring’ “Ring’ (1)) 4

(1) Bonocbl o6paboTaHbl XnNopodOpMOM 1 BbIMOYEHLI B
1M CaCl, npwu pH 11

(2) Bonocbl MHOrOKpaTHO BbIMbITbI LWamMnyHem “Vichy” u
BbIMOYEHbI B Te4EHNE MecsiLia B BOAOMNPOBOAHOW BoAe

e -~
\Native state Soaked in CaCIy K Native state ~ Soaked in tap wﬁ

—

N3meHeHue codepxxaHusi KamuoHO8 Memarisios 8 mKaHuU 8oJioca erusiem Ha popMy U UHMEHCUBHOCMb
rMpomeoasiuKkaHo8o20 pegriekca 4.5 HM, rpu 3MomM MepuOUOHasbHbIE U 3K8amopuasibHbIe KepamuHo8ble
pechbrieKchl CyLECMBEHHO He MEeHSIFOMCS

6.7 HM

Mpwn pacTtsxkeHnn TkaHu Bonoca Ao 50% Ham yaanock 3apernctpupoBaTh Ha

O HOW MIEeHKe 3Ha4MTerNbHoe CMeLleHne MepuamoHarnbHbIX BHYTPUKITETOUHbIX
8.0 HM KepaTUHOBbLIX pedieKCOB B CTOPOHY ManbIxX yrnos gudpakumm (ot 6.7 oo 8.0

HM). BbIr1o NokasaHo, YTO BENUYMHA caBuUra OCTaeTcs NOCTOAHHOW BAOMNb BCEW
OJTMHbI OT KOPHA K KOH4YMKaM AaXe O4YeHb OJIMHHBLIX BOJS10C (OKOJ'IO 1 M).

HeobxogMmo nogyepKHyTh, YTO NPU TaKMX 3HAYUTENBHbIX CABUrax
MepuanoHarnbHbIX KEPaTUHOBBLIX PedneKkcoB NpU pacTaXKeHun Boroca
rorioxxeHue pegriekca 4.5 HM ocmaemcsi HeU3MEHHbIM.




JKCcrnepmMeHTanbHO 3aperucTpupoBaH HaHoOUH8apuaHm ONAPaKUMOHHbBIX KapTUH OT
pa3HOObpa3HbIX DMOMOrMYECKNX CUCTEM (TKaHEN U CNn3en, B3anMogencTBYOLWMX C
BHELLHEN cpeaon) B pasfnyHbIX PYHKUNOHAIbHbBIX COCTOSHUSIX: PEMMCTPUPYETCS cepus
nebaeBCKMX Korew ¢ OCHOBHbIM nepunoaom 4.65 (£ 0.15) Hm co cneundonyecknm
pacnpegeneHnemM MHTEHCUBHOCTEN.

Xapaktep ynopsigodeHHOCTU peHTreHorpaMmmbl 06ycroBneH puanko-XxmmMm4eCcKnmMm
napamMmeTpamu BHelHen cpeabl (pH, noHHasa cuna, Temneparypa, BnaXHOCTb,
KOHLEHTpauuns 6Monornvyeckm akTMBHbIX KOMNOHEHTOB, BY-cBapka) n obpatumo MeHseTcs
B LUMPOKUX Npeaernax, BNioTb 40 M0/THO20 UcHe3HO8eHUS ANGPaKUMOHHON KapTUHbI.
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[Mony4eHbl peHTreHorpaMmbl PassinyHbIX BUONOrMYEeCKUX CUCTEM:

cnun3b XKKT no3BOHOYHbIX 1 6€CNO3BOHOYHBIX (Kanbmap),

TKaHW MOJSTOMHOW Xenesbl U AblXaTenbHbIX NyTen B HOPME U NaToNorMm BrnoTb 40 OHKOMOIUK;
OpOroBeBLUNE KEPATUHOLMUTBI KOXU U HEBYCBI;

NMOKPOBHbIE TKAHW — BONIOChI YeSloBeKa U LLEePCTb XUBOTHbIX, TKAHW rnasa, Yyewys u netpudukaTsl pbio,
pasfinyHble NPUPOOHbIE KOHCTPYKLMU LLerKa; 6akTepmnarnbHble NIeHKW; Cbipbl.



YeM CTpyKTYpa JXMBOIO OT/IMYAETCH OT CTPYKTYPbI HEXXUBOIO?
.M. ®paHk, 1954 r.

Notogeneus osculus

Eocene epoch 50-30 Ma
.

Difractometer DRON-7 & DRON-4-13  May 26-31, 2005
Radiation — Cu, V=40kv, =20mA, without sample rotation
Scanning step — 0.01 deg. * Filter Ni

Slit — 2mm* Soller 1.5mm* Soller 1.5* 0.1mm* 12mm

e % I Fish (fluoropatite) + Substrate
The public school-pansionat £ _._,'\,W"W\_
of tundrian nenets, 1
Samburg, Tyumen’ region ) )
-~ 1 Substrate (calcium amide sulfate hydrate)
| wamiee W UL WL
[ A A '
Angle of diffraction,
20
100 hair samples were collected from two donor groups of Altai ice maiden
tundrean nenets (Samburg, Tyumen region):
(1) adult men and women who used traditional methods for hair care. Archeological samples from the Pazyryk
(2) children living in public hostel school and using modern means, mound of Altai mountainous

especially girls which used cosmetic shampoo.



Penrrenorpamma 10% [yoAaeHa/IbHOIro coka cobaxkm

__—4.65nm
_.?..33 nm

155 nm

__ . 1.16 nm
096 nm

PeHTreHorpamma OeMOHCTPUpPYET ceputo ocTpbix [lebaeBcknx koneu,.
Pedonekcbl ¢ nepnogamun naeHtuyHoctn 4.65, 2.33, 1.55, 1.16 n 0.93
HM foKann3oBaHbl B NO3ULMOHHOM OTHOLWEHUN 5:4:3:2:1, 4TO
XapakTepHO A IMHENHOW NEPUONYHOCTN.

XapakTtep pacnpeneneHns UHTEHCMBHOCTEN NO3BONSET MOAENMPOBATb
MOMEKyny NpoTeornukaHa B BUae crnmparibHOM CTPYKTYPbl C OCbHO
TpeTbero nopsiaka (3;) U OCHOBHbIM NeproaoM 4.65 HM.

lMpomeo2anukaHoeble MaKpOMOJIeKy 1bi ¢hOpPMUPYIOMCS 8 rnpoyecce
NOCTTPaAHCNALMOHHON MoaudnKauum e annapame onb0xu e pesysbmame
a2/1uKo3sunupoeaHusi 6es1Ikoeo020 Kopa osiu2ocaxapulOHbIMU Uensimu

wh

a5t

Sepharose 4b column chromatography of duodenal juice shows
the absence of lipids and the presence of proteoglycans in
that fractions from which the X-ray diffraction pattern was obtained

A.A.Vazina, L.A.Zheleznaya, P.l.Lazarev. Preprint, Pushchino, 1983
A.A.Vazina, E.A.Denisova, L.A.Zheleznaya, P.l. Lazarev. DAN USSR, 1985, 281, 975.
L.A.Zheleznaya, E.A.Denisova, P.l.Lazarev, A.A.Vazina Jour.Nanobiology, 1992, 1, 107.

LGS O "\ protein
o e : core
! i B

Polysaccharide
Yo chain

Electron micrograph of proteoglycan aggregate
shadowed with platinum (L.Rosenberg).



Mpupoaa konbueBoro pednekca 4.65 HM aTpubyTUpOBaHa HaMu Kak obycrioBrieHHas
CTPYKTYPOU NMPOTEOrNMKaHOBbLIX MaKPOMOJSIEKYN MEeXKNeTOYHOro MmaTpmukca

Mepunopn 4.65 (£ 0.15) HM ABNAETCA HAHOCMPYKMYPHBLIM UH8apPUaHMOM F'MraHTCKNX
NPOTEOrfNMKaHOBbLIX MOJIEKYST MHOFOUYUCSIEHHbIX TUNOB TKAHEM U MYLIMHOB B LUMPOKOM
3BOSIIOLIMOHHOM pAAY — OT MNEKONUTaKLWMX A0 6eCno3BOHOYHbIX, HACEKOMbIX U
OaKkTepuanbHbIX CUCTEM

BecuucneHHble (pyHKLMOHANbHbIE BO3MOXHOCTU NPOTEONNTMKaHOBbLIX CUCTEM peanusyeTcs Kak
CUHEepru4yeckum Bo3aemcTBMeM cpenbl, Tak U YHUKaNbHOM 3BONMOLMUOHHO OTpaboTaHHOM
mexHosio2uell hu3uosI02U4€CKO20 3asluU3bleaHUsl - YHUBepcaslbHbIM MNameHmMom
CUHep2u4YecKo20 OmKJlIuUKa op2aHu3mMma, obecneyuearou,e2o MoOuguKkayUuOHHY adanmayuro.

HeOpMeHTMPOBaHHbIﬁ remnb

OpueHTUpPOBaHHLIN resnb



n3 s1exymnn [pxeimca YorcorHa B Mry s mrore 2008 r.

CorrniacHo [x. YOTCOHY:

nuresinaszibHbIN CJ/1I0M TKaHM ABJISETCS CBOEro poga
TFOPbMOMH /151 CBOMX COOCTBEHHbIX K/IETOK M NX
MMOTOMCTBAa M MOXKET CITY)KNTh TaKxe /11 060cobsieHnsi
aue N \Ng__ APYrux K/1€ToK.

... 90% of
researchers ask MyTaHTHbIe KJ1ETKH SITUTEJTNSA CTAaHYT ONaCHbIMHA JINLLUb

the question: B TOM CJTy4aE, eC/IM OHM MPEOOJIEIOT TEPPHTOPHA/IbHBIE
6apbepbl, KOTOPBIE YAEPIKNBAIOT HOPMAaJIbHbIE K/IETKH

«Why B Hag/exxalmux Mecrax.
cancer
happens?» .

PakoBasi onnyxoJsib CTaHOBHTCS 3/10Ka4Y€CTBEHHOMN, eCJIN
10% of Pa3MHOKXEHNE N PaCcCEe/IEHHNE €€ KITIETOK yrKe He HaxoanTcs
researchers o4 KOHTPOJIEM HOPMAaJIbHbIX PEryJInpyrownx paKropos.

want the answer
to the question:

«Why MyraHTHbIE K/IeTKM B 3TOM cJTyYyae 6yayT crioco6HbI
cancer does K HHBa3nMBHOMY POCTY HJ/IM METaCcTa3vpOoBaHMHIO.
not

happen?»




X-ray diffraction of tissues from different types and stages of tumor of
respiratory tract of liguidators of the Chernobyl A-plant disaster

We observed two types of X-ray patterns 'no ring' and 'ring' with spacing 4.5 nm.

~no ring type Mﬂ;md ring type z}mdA

Experiments with soaking a tissue

» ". T‘_‘
in detergent solutions EDTA and -
EGTA showed a regulatory role of w v
metal content in ECM structure of '

epithelial tissue of respiratory tract + 0,1 mM EDTA

Intensities of diffraction rings at spacing 4.5 nm
and diffuse scattering vary in wide intervals and
correlate to changing Ca-content of tissue.

The X-ray patterns of tissues affected by chelating agents can be used as a marker of
irreversibility of the structural transformation of proteoglycans in the tissue

w + CaCl,
k. . YEGTA LUA % -
EDTA = : .

X-ray patterns can reversibly be
transformed by the action of CaCl, and

In X-ray patterns of extra mammary
malignant tissue no discrete reflections
are observed, increasing of intensity of
diffuse small-angle scattering is displayed.

Ca- content is increased by hundreds of times.

EDTA. Specific density and rigidity of tissue increase

Ca- content is changed tenfold.

A.Vazina et al. Nucl.Instr.Meth. 2005, A543, 297-301
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X-ray fluorescence of tumor transformed tissues

Correlation of X-ray fluorescence and diffraction
data from extra mammary malignant to normal

rissue

RN m ~

extra intensive very . ; i
scattering strong strong ring  slow ring no ring
ring

‘ Local Ca crystallization in breast cancer tissue

1 4 7 10 13 16 19 22 25 28 31 34 37 40| 43 |4|$| |4|9| |5!2| |5!5| If!s“sl1”$|4“6|7| I‘!'U"‘:S“‘:SI ITIQI I8I2I IS'S”S‘E“Q:“&‘ 97 100 0 ; —— siK
Distribution of intensity of Ca fluorescence from normal and F ~PK
malignant tissues (100 species of breast and lung tumor) : S K
—-CIK
i .
d ; KK
It - CaK
15 - FeK
1 | - CuK
F - ZnK
B i Tumor
1 l L !1
. f
Lk H '|ci ft i T U 2
] | ]" st T e
g Normal
Element content distributions in breast cancer tissue
1 1 1 1
1 3 ] i 4 11 13 . )
Exk Local X-ray fluorescent analysis of the elements of tissue samples
from Na up to U were carried out using EAGLE lll y-probe XRF
Average of 78 spectra of breast cancer and elemental micro analyzer (Moscow): Rh-anode, U =40 kV, | = 500 or
43 spectra of control tissue samples 1000 mKA.

Numerous changes of physicochemical parameters inside an organism can cause a significant

increase in Ca content at local sites of biological tissues by hundreds of times




The irreversible nature of Ca-bridge formation between proteoglycan fibrils can
result in total hyper-mineralization of Ca salts, with the subsequent total
petrification of tissue or the whole organism - fossils

Notogeneus osculus

Eocene epoch 50-30 Ma

The specificity of crystallization of inorganic salts in
e -~ biological tissues is demonstrated by imaging of fish fossil
Sammeobtamedfmn,?d tology Mus ; és, Novosibirsk. which are completely mineralized.

Difractometer DRON-7 & DRON-4-13 May 26-31, 2005
Radiation — Cu, V=40kv, 1=20mA, without sample rotation
3 Scanning step — 0.01 deg. * Filter Ni

Slit— 2mm* Soller 1.5mm* Soller 1.5* 0.1mm* 12mm

s
L}

| Fish (fluoropatite) +[Substrate The X-ray patterns of fish fossils display a set of sharp
G b _ diffraction reflections: spacing of 1.5 nm is characteristic
£ SR S ST for biological structures and is attributed to proteoglycan

g | Ii periodicity along the protein core due to packing of

o | \\‘-‘ijft-r‘aje (cacium anjde sulfate hydrate) neighboring oligosaccharide chains.
1\.»\. J 1\‘\4'»4 "\‘\.f W
A " ™ L 4

X " L
10

0 x &
Angle of diffraction, 20



TKaHb - 3BOSIIOLUOHHO Oonee 3penas, YeM KneTka, cucrtema, oobnagarowas
rmyooKon BHYTpeHHen CUMMMeTpUuen, Kotopas He Noxoxa Ha CUMMETpPUIo
NPOCTbIX PU3NYECKUX CUCTEM.

B TKaHU nMeeT MeCTO YHUKaribHOe ConpsiXXeHue TPaHCNAUMOHHON CUMMETPUMU
YMNaKOBKU KNEeTOK CO CnupanbHbIMU CUMMETPUAMU PUOPUNNAPHBLIX CTPYKTYP
LUTOCKeNneTa U MeXKrneTo4yHoro maTpukca.

OCOGEHHOCTU CTPYKTYPHOU ANHAMUKM NPOTEOrNIMKaHOBOIro KapKaca crieayeT
paccmaTpuBaTh B paMKax CTaTUCTUYECKOU (PU3UKN ceTHaTbIX NOSIMMEpoB,
CBsI3aHHbIX NonepeYHbIMU clumBKkamMu. FTMraHTckue hpmnbdpunnapHble
MOJieKynbl NpoTeorrnmKkaHoB MoryT coopMmmpoBaTb KonoccasrnbHoe
MHOroo6pasue cetT4yaTbIX HAHOCTPYKTYp Ha OCHOBe OGpaTUMOro
cdopMmnpoBaHMA YCTOMUYUBLIX XeNaTHbIX KOMMJIEKCOB 3a CYeT KanbLuueBbIX
MOCTMUKOB MeXAYy aHUOHHbLIMM rpyrnnamMmum nofiucaxapugHbix Lenewu
NPOTEeOrfMKaHOB, MEHSAKLWUX TepMOAUHaAMUYEeCKNe napamMeTpbl
CTaTUCTUYECKU CBA3aHHbIX cucteM. O6paTuUMble CTPYKTYpPHbIe nepexoabl B
TpexMepHbIX ceTKax obycrioBneHbl KBa3ncToXxaCTUYeCKMM XapaKTepom
B3aumMogencTBus ¢ metabonutamm u Moryt obecne4ymMTb OrpOMHbIU
noTteHuuan ana mogudpmKkaumMoHHoOn agantaumum 6MonormyecKkux CUCTeM.



The thermodynamic properties of proteoglycan scaffolding can be
interpreted in the terms of statistical physics of network polymers

32
The melting temperature of mesh

polymers is extremely sensitive 24t /

to insignificant changes in the
number of cross-links

o
—
-~
K‘

ATme|t;°C
>
\

Thermodynamic properties of
statistically linked polymers are
defined not so much by the chemical
o nature of the links, but by their

number

Ao

Nobel Prize-Winning Idea of
polymeric physics brilliantlg_reallzed
in technology of automobile tire
production

4 6 8 10 R~
C-103, mol. %

P.J. Flory 1954 Biological technology is more effective!

— 50°C mountain sno

+ 50°C sandy

GOING NORTH OR SOUTH,
| CHANGE TIRES !!!
AND WHAT ABOUT
YOUR HOOVES,
PUSHMI-PULLYU ?!

beach

| DON'T CHANGE

IDENTIFICATION MODEL

MY HOOVES!!!
| HAVE THE

CONCEPT!!!

The ability of mesh polymers to change mechanical
properties caused by formation of statistic cross-links is
demonstrated in the production method of summer and
winter automobile tires. Rigidity of rubber is determined
by the degree of vulcanization, which increases the cross-
link density.

v

The thermodynamic properties of hoof tissue reversibly
change due to the varying number of statistical links. Cross-
links can be formed by chelation of calcium cations by
polydentant ligands (carboxylate and sulphate groups) of
proteoglycan molecules. Changes of calcium content in
tissues are metabolically regulated.



The experimental tandem method of silkworm Antheraea mylitta and Homo sapiens

It was our special success to
obtain oriented samples of silk
fibers on by applying a gentle
pulling force, which provided the
experimental fandem of the
silkworm and experimenter. Silk
thread diameter is about 40 mkm.

Si'lk fiber Silk fiber

0.1M NaOH



Pa3/inyHble npupogHblie KOHCTPYKLNH LEJIKA C/IEQYET paccMaTpHBaTh

KaK KOMIMO3UTHbIN Ma TEPHaAJl, B KOTOPOM OAHM M TE XK€ NOJTHINENTHAHbIE LiEeNnn
HUrparoT PpoJib U MaTPHLbl, M aPMHPYIOLEro BELECTBa

Krnaccmnyeckni B -CKk1agyaTtbii CJI0M - MHBaPHAHT MOJIEKY/ISIPHOM CTPYKTYPbI Pa3/InYHbIX MPHUPOJHbIX
M 6MOTEXHOJIOrMYECKNX KOHCTPYKUMNH LUEJIKA

HuTu npupogHoro K H
OKOH TN KOKOHa Menankn i
Liesika MpW PacTsHKEHNN A TeKCTUNbHbIE HUTK Ckedponapl Hutn Bombyx mori

HaHocTpykTypHas ynopsgo4eHHOCTb B IPHPOJHOH KOHCTPYKUNH LUEJIKA - NEQAHK/IE

PeHmeeHozpammbl nedaHkna 8 mosiekysnsipHom (WAXS)

/ ne;ﬂaqkn u HaHocmpyKkmypHom (SAXS) duana3oHe
" \
" 7nm O6HapyXeHbl 3HaYNTesNbHbIE
% o 6 pasnuuna sHavyeHun Moayns
@ ' = ynpyrocTu Ans pasnuyHbIX
S 3.5nm KOHCTPYKLUMK LleriKa:
cotHu I'Ma — nepaHkm;
PeHTreHorpaMmbl neaaHkna nosyydeHsl B pasHbix Toukax BAOMNb obpasua okoro 10 IMa - H1uTM NnprpoaHoro
Lwernka;
okoso 2 I'Ma - HuTK nocne
2 TexHOMornu4yeckon o6paboTKu.
<
<. =
Lo LY

B nabopamopuu
Knaccuyeckasi peHmeeHoepamma f3 -ckrnadyamoao Criosi



ogﬂ/oo‘lh.blb WLXHOoA 0TI u.ogtjw MATAIOVA KA Jemar,
' wjgczjuom MUpPL N KOCMOCL.
C'ga,am naynnaLs cboii ngiab € szubuou..
Ona HANLMMO npUMLAALACS IS COLJUMLHINS
w‘gmejwnbvc wkanei yeaobrea n Bocemanobrinns

ANFHLGLAMLNDHOCAIL L20 OplA nob.

m b. E. IlaTon

B nocneaHuve roab wupokoe npumeHeHue B mMeAuyuHe Mo UHUYMATUMBE aKAAEMUKA
bopuca EsreHbesuya [NamoHa (UHammym snewrpocsapku HAH YkpauHbl) Hawna sbicokodacmomHas
anienTpoxupyprudeckas csapka (BY-ceapka).

SJIEKTPOCBAPOYHBIE ATMAPATbBI UCIOJIb3YKOTCA B 56
KITMHUKAX YKPAUHbI

BbIMNOJIHEHO OKOJ10 150000 ONEPALNA

MPOBEAEHO BOJIEE 3000 CTEHOBbIX UCCJIEQOBAHUM,
BOJIEE 1800 SKCIIEPUMEHTOB

«MATOHMEL» EKB3-300



TexHHuKa cBapKu MArkux TKaHEeH HaxXO4NTCSa B CTagnmn LNHPOKOIro K/JiInHN4Y€CKOro oCBOEHHNA

Onepauusi Ha ne4YeHu
CoeaunHeHne X1BOW TKaHU
OvnonsipHbLIM CBAPOYHbLIM MUHLIETOM

Anekmpoceapka daem €03MOXXHOCMb HaJIOXEHUs1 HA0eXHO020 2epMemuYHO20 wea 6e3 y2po3bi nonadaHusi
UHGhUYUpPO8aHHO20 COOEPKUMO20 U3 Npoceema Kuwe4yHuUKa 8 6proWHyo nosiocma



lposBieHne HaHOCTPYKTYPHOH yrnopsgo4eHHOCTH B HaTUBHbIX OHMO/IOrMYE€CKMX
TKaHSAX NM04 3KCTPEMasIbHbIM BO34EHCTBHEM BbICOKOYAaCTOTHOMH
S/IEKTPOXHUPYPruY€CKOH CBaPKH

Ho BY-ceapku

PeHTI'eHOFpaMMbI pPa3rinvyHbIX NHTAKTHbIX O6p83LI,OB KOKOHa Luesika
N TKAHW KULLKXU Mano MHGOPMaLUNOHHbI, OHU XapaKTepuayoTcs
_— - WHTEHCUBHbLIM MaroyrroBbiM AN dYy3HbIM paccestHUeM,
0 nHAVKaTpuca KOToporo MMeeT paguarnbHy0 CUMMETPUIO;
' AndpakuMoHHbIE NTMHUN B 06NacT HAHOCTPYKTYPHOMN
ynopAaao4YeHHOCTU NMPaKTU4YeCKN HE BbIABITAOTCA.
Kuwka

Mocne BY-BosgencTeus peHTreHorpamma B o6rnactv manbix yrios
OykBaribHO «Habuta» oCTpbIMU ANAPAaKLMOHHBIMWU KONbLaMu

u".)&
Kuwka

Crapxa Ne 68
AHano2u4Hble peHmaeHo2paMMbl XapakmepHbI OnNsi:

MopobHble oudpakUMOHHbIE KAPTUHBI ObINM NOYyYeHbl HaMK
4.65 nm paHee OT pasnNUYHbIX CNIN3EN N aNUTENManbHbIX TKAHEN
233 nm 4yeroBeKa U XXMBOTHbIX.
1.35 nm

HaHOCTpYyKTYpHbIN HBapuaHT 4.65(+ 0.15) Hm aTpmubyTnposaH
l',‘"’ .':.I: HaMu Kak nepuoa NaeHTUYHOCTN, OBYCNOBNEHHbIN peayrispHbIM

rpukpeneHuem rnonucaxapudHbix yenet K 6esikoeomy Kopy

5 5 a2u2aHmcKoU MOeKy bl NpomeoanukaHos crau3u u

6uomexHonoauyeckol KOHCMpyKuuu rnpomeoeriukaHo8 HamueHou

u3 npupodHozo weska (scaffolds) 2acmpo3HMeponoauYeckol Cnusu MEXK/1eMOoYHO20 MampuKca mxaHeu.




Noa cuHepreTuyecknm BnusaHnem BY-cBapku chopmupyetcs
BbICOKOYNMOPAAOYEHHbIN NMPOTEOrNMKaHOBbLIU KapKac MEXKNeTo4YHOoro
MaTpuKca, obecneuynmBarowiMm hyHKLMOHANBHYO OpraHu3aLuuio
KJIeTOK B rnpouecce penapaumm TKaHW.

Ha cerogHs Halle NnOHMMaHWe MOJIEKYNAPHOW opraHu3auum
npomeoezasiuKkaHoe elle o4eHb pparMeHTapHO, OAHAKO Mbl MOXEM
nocTynupoBaTb, YTO B3aMuMmoaencTBmue 3Toro Krnacca nofiumMepoB C
nuraHgamum siBnsieTCA cmoxacmu4yeckumM npoueccom, B TO BpeMs Kak
y3HaBaHue MeTabonuToB cTepeocneunduyeckumm LeHTpaMmm 6enKkoB U
HYKINEUHOBbIX KUCSIOT AABNISIETCA cmexuoMempu4yeckKuM rnpoueccom.

MnkooGumnonorno MoXXHo CpaBHUTb CO «CnALlUM, HO NpocCbIinaroLwnmcs
rmraHTomMm 6moTtexHosnoruuy. NorteHuynarbHble BO3MOXHOCTH

dopmMnpoBaHNA pa3nNUYHbIX CTPYKTYP Y YINeBOAOB HAMHOIO Bbille, YeM Y
GenKoB U HYKITIEMHOBbIX KUCJIOT.



«W gHeNn MMUHYBLUMX aHEKAOTbl — OT BygKkepa A0 HalunUX AHEN
— XpaHUM Mbl B NaMATHU CBOEeN>»

Husbc Xenpnk fasng bop.
TIPUHLINIT [OMOSTHUTEIBHOCTYU O
HENO3HaBaAEMOCTU XUBOIO: «M3yYast
IKNBOE PUIHKO-XUMNYECKHMH
MeTogaMH, IKCIIEPHMEHTaTOpP
TepsIer xnBoe»

Nnbsi PomaHoBnY [IpUroxmH.
«... Mbl TaK npeycnesin B
HCKYCCTBE PacyY/I€HEHMNS], YTO
3abbIBaeM cobpares pa3bsTeie
YacCTH B TO EQMHOE LEJIO0E,
KOTOPOE OHM COCTaBJ/Is1/TN >



lTeccumnzm ¢pmn3nkoB rnpeogosieBaeTcs onTMMN3MOM Pa3BUTHS
MOJIEKY/IAPHbIX M HAHOCTPYKTYPHbIX METO40B NCC/IEQOBAHNS
6MoJ10rMYecKnx TKaHeH C BbICOKMM BPEMEHHBIM pa3peLleHneM
Ha OCHOBE CHHXPOTPOHHOIO U3JTYYEHMNS, a TaK)Ke Pa3BUTHEM
MEeT0[40B CUHEPIrMYECKOIro BO34EHCTBHNS B3 pacy/IeHEHHNS
L{€/IOCTHOCTH.

UcnonbzoBarHne BY-3/1€eKTpoCcBapOYHbIX TEXHO/IOMMH

b.E. ITatoHa rapaHTupyeT BO3MOXHOCTb (PyHKLHOHA/IbHOIO
BOCKpEecCeHMs1 6MOJIOrn4YeCKnX CHCTEM Ha XHPYPruyeCcKoM
CTOJ1Ie COBPEMEHHOM MEANLINHBI.



MbI BCE : Bpema-npocTtpaHcTBo 3noxu byakepa
HUTIb PAH HUL «Kypyamoeckuli HAD CO PAH HUXTT CO PAH Ep®H, Apmenus
PHU. Apmiox UHCcmMmumymy» B.M. Aynb4yeHko A.B. Beccepzenes U.M. Asakan
J.I. Anekcees A.B. 3abenun A.U. Anyapos FO.A. I'anonos A.U. Anuxanan
A.A. Ba3zuHa B.T. Kon C.E. bapy O.B. Eedokoe P. Kapabexos
A.A. Bacunbesa B.H. Kopuyzanoe B.E. Bapoiues B.I1. Tonouxo HUIC HAH Ykpaunut
B.C. I'epacumos A.A. MaHywKuH I'H. Byokep M.P. lllapagpymounos C.I: T'uuka
H.IIL. I'opoynosa O.B. Haiioa M.A. BykuH HK CO PAH I.C. Mapunckuii
JILA. Kene3nan K.M. Ilooypey, B.K. 3onomapes JI.H. Kouybei b.E. Ilamon
A.D. Kopvicmosa /K. Ilozopenwiit I'H. Kynunanoe M.A. Ko3noe C.E. Iloonpamoe
H.®. /lanuna B.I' Cmanxeeuu H.HU. Konopamuves H.A. Oscannurosa C.C. Iloonpamos
B.U. J/lykuna B.B. Cmenanosa A.A. JTezkoovimoe 0OAO HIIII B.A. Bacunvuenxo
I'C. Kauanosa B.A. Comenkos B.B. JIax «Bypesecmnuk» A.B. Yepuey,
E.U. Maeeckuii C.I. ITunvwuumerin H.A. Me3enues H.A. Bpvimos K.I Jlonamkuna
H.I. Megx JLU. IOoun B.®. ITunowpun E.B. Bexuiun A.B. Makapoes
A.M. Mamrowiun K.B. I'yoapo B.A. Cudopos E.H. Bradumupos A.B. JTunueeckun
T A. Ilepegazosa A.1O. I'py3unoes A.H. CKpunckui J.A. T'ozanoe KHY Ykpaunw
E.A. Pocynun I'C. Ilemepc I'A. Casunos B.II. I'umanoe C.I1. Cenuypos
.M. CepaueHko H.A. Cmapocensckuii B.M. Tumoe M.T. Kozan Hu-m neiipoxupypzuu
B.b. Casgesnbes UBX PAH 10.B. Ycos H.U. Komak M.C. Keawa
H.B. Cumonosa A.I. Manwsieun H.I. @envoman IO.T. Macnukoe HUT'BuTT, Odecca
B.51. COHbKUH IHHHUTH «Texnomaur» B.b. Xnecmos B.I' Manbkos P.U. Yananosa
JL.K. Cpeonuukasn M.U. Camoiinosuu A.I. Xabaxnawes H.C. Momopa H.H. Ymaney
I'M. ®pank AJL. Tanuc M.A. Illepomos A.D. Ilanos E.II. Yeoomapes
B.M. Illenecmos POHII um. bnoxuna b.H. Illysanos M.B. Conogeituux H.B. ITaceunuxoea
B.A. llinekmapee B.1I1. /lemazun M.b. Acenes 10.H. ®unkenvuwmeiin ESRF, @panyus
A.K. IOnycosa %’A’ BJI%’M HHX CO PAH B.C. ®ynoamenckuii B. Bpac
HUBK PAH p ’j}’"qe;’}’f}';’:g"”"”‘”"” B.A. TpyHoea HMITE PAH HLIL. [Jononsn
H.H. Apuckun M.B. Camconoed ®.B. Ty3ukoe C.E. Bepnocnos Zjl guuzupeea
B.B. Kupomckuii . H.A. Ty3sukoea I1.U. Jlazapee -A. Crhucupes
B.I1. Topun Cxd um. Tunupasesa T.U. CaeueHko B.IO. Jynun EMBL-DESY, ®PI
B.H. Kopnuees MTY, ¢uspak J1.IM. Ocunoea A.M. Monuanoe H.D. Bapmynux
E.N. JlumeuHoe B.B. Muxaiiiun 12 6-ua, Hosocuobupck HE PAH H. Kyncm
A.M. Hlamapos A.M. /[3apacosa A.H. B./l. Bacunveg I’ Pann
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