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Study of protein crystals. spatial structure of the two subunits
endonuclease R.BspD6/
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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 j*. resolution Bartunik. J. Mol. Biol., 2008, 384, 489-502




Beyond Crystals . the marriage of inert and living structure

Aln 1976 we have devel oped amidh-speeglat ed
diffractometry of biological objects on VEPP -3 0 A.N. Skrinsky

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

X-ray patterns of muscles

at rest(c(fp:obr].g%);;nr%é()etanus at rest (points) and during K+ contracture at rest (points) and rigor

(d'=0.005 rad) (d'=0.0072 rad)

In energy diffractometry (b =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 p =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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25t Gimanov V.P., Goganov D.A., Kosyankov A.P., Vazina A.A.,
’ Matushin A.M., Shelestov V.M., Kulipanov G.N. J. Biophysics,
XXIIlI, 2,1978,393. (in Russian)
] AT o YT IS N AR PO S S S LS T G Gimanov V.P., Goganov D.A., Kosyankov A.P., Vazina A A,
136 58 170 W8 210 230 250 770 290 30 F30 30 30 30 419 59 458 YW Matushin A.M., Shelestov V.M., Kulipanov G.N. J. Equipment and

XNz xanana methods for X-ray analysis X, 1978, 21, 134. (in Russian).
Muscle during K* contracture, g = 0.007 rad



with using of synchrotron radiation

The time-resolved small-angle station at 5B beamline of the storage
ring VEPP-3: =0.151 nm; one-coordinate proportional detector OD-
3 and Image Plate; sample-detector distance 3007 2000 mm

Aul 6chenko V. M. , NIM@%5)A359, 2A16.A et al

DUBBLE SAXS/WAXS BM - 26 at ESRF

LZ.I.(.::‘ CRL A 2 0.124 nm
2 y / Beam size 0.2 x 0.2 mm’
-»"’r Q Exposure time 1 min

2D multi-wire proportional
gasfilled detector

sample-detector - 270 and 510 mm

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.

X-ray fluorescent spectra of the samples studied allowed us to
determine the relative content of the following elements:

K, Ca, Cu, Zn, Fe, Mn, Cr, Se, Br, Co, Mo, Ni, V, Sr, Rb, Y, Sc, Ti,
Ga, Zr, Nb, |, Sn, Sb, Ba, La, Ce, Nd, As, Pr, and Pb.

X-ray diffraction and fluorescent technigue
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storage ring (NRC AKurchatov I nstit
angle station at VEPP-3.

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

OD-3 with a count rate of 10 MHz at
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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) ¢ 2 6, 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.
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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.
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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 molecul ar mass of the single titin polypeptide chali

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:

A the absence of meridional reflections;

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

at spacings of 0.46 and 0.98 nm
c) 3 £
| 4.8 nm
L S OAL
L
d) ‘i During the strong stretching of titin fibre:
Aall equatorial reflections disappear

at the neck zone;
Athe presence of two diffuse rings

at spacings of 0.46 and 0.98 nm never
— depends on stretching degree

0.51 nm
0.46 nm




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
i 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
0 ¥ >y variable loop.
T@"é'" I\
YO0

The point group of symmetry of the titin molecule can be
determined as S, with the axial translation U,
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Pulling as a determinative factor in formation of the heterophasic structure of
multidomain proteins of immunoglobulin superfamily

The stress - strain relation of titin fibre
clearly displays three - stage behavior similar
to that of crystalline polymers

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

0 H Intact titin fibre

Fa

1 -
0% 50% 500% qL/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

7\
B A — N TN ST the initial state
b) the non-equilibrium stage
¢) the starting neck stage
TN reaten ;-badrih
o A R brestedrin gy oy “O“-h"\‘:
d) B .___: _:;_M\ _.t E-_., 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 (b-barrels) co-exist with a fully
melted (unfolded) polypeptide chain.

Multidomain proteins, where the domains are usually formed as
a) electron micrographs of intact molecule 1G 3 modul es covalently O6strung together 6
and its schematic representation; have potential capacity to produce adequate response to stimulation
b) 1G 3 molecule after heating at 65°C . : : ; :
ok IR i 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.
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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).
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The possibility of using synchrotron fibre
diffraction of hair to screen for pathologic
conditions such as breast cancer proposed
by V. James was not confirmed
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AUsing hair to screen
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, Tuvi =8 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



