
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 
çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ
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ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɻ.ʀ. ɹʫʜʢʝʨʘ 
ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ
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ȦȪȬȳȪ

ȿɔɂɑɝ 
ɃɐɍɞɚɐɅɐ 

ɑɕɔɊ

ȳɆəɐɆ   ɇɋɍ   ȶɔɗɗɎɎ   ɓɋɈɔɍɒɔɌɓɆ, 
ȶɔɗɗɎɥ   ɇɋɍ   ɓɆəɐɎ   ɓɋɒɡɗɑɎɒɆ! 



.

ɼʝʚʷʪʴ ʦʩʥʦʚʥʳʭ ʤʦʪʠʚʦʚ 

ʩʚʦʨʘʯʠʚʘʥʠʷ ʛʣʦʙʫʣʷʨʥʳʭ ʙʝʣʢʦʚ
(Orengo et. ʘl.,1994, Nature)

ñɻʣʦʙʠʥʦʚʳʡò

ñʊʨʠʣʠʩʪʥʠʢò

ñɺʚʝʨʭ-ʚʥʠʟò

ñɻʨʝʯʝʩʢʠʡʢʣʶʯò

ña-bʩʵʥʜʚʠʯò

ñʄʷʛʢʠʡʨʫʣʝʪò

ñɼʚʦʡʥʦʝʢʨʳʣʦò

ña-bʨʫʣʝʪò

ñʙʦʯʢʘò

3DɒɔɑɋɐəɑɥɖɓɆɥ ɗɘɖəɐɘəɖɆ, ɔɕɖɋɊɋɑɋɓɓɆɥ ɒɋɘɔɊɆɒɎ ɖɋɓɘɉɋɓɔɈɗɐɔɏ ɐɖɎɗɘɆɑɑɔɉɖɆɚɎɎ, 
ɓɋ ɊɆɋɘ  ɕɔɑɓɔɏ ɎɓɚɔɖɒɆɜɎɎ ɔ ɈɔɍɒɔɌɓɔɏ ɑɔɐɆɑɢɓɔɏ ɕɋɖɎɔɊɎɝɓɔɗɘɎ Ɋɑɥ ɌɎɈɡɛ ɐɑɋɘɔɝɓɡɛ 
ɕɔɊɗɘɖəɐɘəɖ, ɇɋɍ ɝɋɉɔ ɗɘɖəɐɘəɖɓɡɋ ɔɗɔɇɋɓɓɔɗɘɎ ɒɔɑɋɐəɑɡ ɒɔɉəɘ Ɏɒɋɘɢ ɘɆɐɔɋ Ɍɋ ɔɘɓɔɞɋɓɎɋ 

ɐ ɖɋɆɑɢɓɡɒɎ ɌɎɈɡɒ ɗɎɗɘɋɒɆɒ, ɐɆɐ ɊɆɈɓɔ Ɏ ɛɔɖɔɞɔ Ɏɍəɝɋɓɓɡɋ 
ɗɘɖəɐɘəɖɡ ɑɢɊɆ ɐ ɗɘɖəɐɘəɖɋ ɈɔɊɡ, Ɋɔ ɗɎɛ ɕɔɖ ɓɋəɗɘɆɓɔɈɑɋɓɓɔɏ. 

ȬɎɈɆɥ ɕɖɎɖɔɊɆ çɔɘɉɔɖɆɌɎɈɆɋɘɗɥè ɔɘ ɐɖɎɗɘɆɑɑɎɝɋɗɐɔɉɔ ɘɎɕɆəɕɔɖɥɊɔɝɋɓɎɥ Ɉ ɘɖɋɛɒɋɖɓɔɒ 
ɣɈɐɑɎɊɔɈɔɒ ɕɖɔɗɘɖɆɓɗɘɈɋ ɕɋɖɋɛɔɊɔɒ ɔɘ ɎɓɈɆɖɎɆɓɘɓɔɗɘɎ ɔɘɓɔɗɎɘɋɑɢɓɔ ɇɋɗɐɔɓɋɝɓɔɏ 
ɘɖɆɓɗɑɥɜɎɔɓɓɔɏ ɖɋɞɋɘɐɎ ɐ ɑɔɐɆɑɢɓɔɏ ɓɆɓɔɗɘɖəɐɘəɖɓɔɏ ɕɋɖɎɔɊɎɝɓɔɗɘɎ ɌɎɈɡɛ ɗɎɗɘɋɒ, 

ɔɕɖɋɊɋɑɥɋɒɔɏ ɎɓɈɆɖɎɆɓɘɓɔɗɘɢɤ ɔɘɓɔɗɎɘɋɑɢɓɔ 
ɐɔɓɗɘɖəɐɜɎɏ ɆɑɉɋɇɖɆɎɝɋɗɐɔɏ ɉɋɔɒɋɘɖɎɎ



Study of protein crystals: spatial structure of the two subunits 
endonuclease R.BspD6I

Crystals of a large subunit of endonuclease R.BspD6I

G.S. Kachalova, E.A. Rogulin, R.I. Artyukh, T.A. Perevyazova, 

L.A. Zheleznaya, N.I. 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. 

Bartunik. J. Mol. Biol., 2008, 384, 489-502

Structure of a large subunit at 1.8 ¡resolution

Structure of a small subunit at 1.5 ¡resolution



ñIn 1976 we have developed and created the method ofhigh -speed 
diffractometry of  biological objects on VEPP -3ò A.N. Skrinsky

In energy diffractometry (ᴆ=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.

Beyond crystals : the marriage of inert and living structure

X-ray patterns of collagen

ɗ= 0.0052 rad, t = 100 msec, 
observed about twelve reflections

ɗ= 0.0014 rad , t = 12.5 msec,  
reflection at spacing of 66 nm

X-ray pattern of crystal powder

Ge powder, t = 20 sec, sin ɗ= 1.744

X-ray patterns of muscles

at rest (points) and tetanus 
(ɗ= 0.0072 rad) at rest (points) and during K+ contracture

(ɗ= 0.005 rad)
at rest (points) and rigor 

(ɗ= 0.0072 rad)



living muscle at rest, q= 0.007 rad

Muscle during K+ contracture, q= 0.007 rad

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

Collagen, q= 0.0115 rad

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.

Gimanov V.P., Goganov D.A., Kosyankov A.P., Vazina A.A., 

Matushin A.M., Shelestov V.M., Kulipanov G.N. J. Biophysics, 

XXIII, 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).



The small-angle station of ódiffraction cinemaô DICSI of ñSiberia-2ò 
storage ring (NRC ñKurchatov Instituteò) is improved version of small-
angle station at VEPP-3. 
I = 70-100 mA; ɚ= 0.162 nm; Image Plate and free-parallax detector 
OD-3 with a count rate of 10 MHz at spatial resolution of 160 Õm; 
sample-detector - 270 and 510 mm 

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

2D multi-wire proportional 

gas-filled detector

The time-resolved small-angle station at 5B beamline of the storage 

ring VEPP-3: ɚ=0.151 nm; one-coordinate proportional detector OD-

3 and Image Plate; sample-detector distance 300 ï2000 mm 

Grenoble, France

Novosibirsk, Russia

Hair tissue of human

roottip

Novosibirsk, Russia

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, I, Sn, Sb, Ba, La, Ce, Nd, As, Pr, and Pb.

Aulôchenko V.M., Vazina A.A et al., NIM (1995) A359, 216.

X-ray fluorescent spectra

Time-resolved diffraction of 
frog sartorius during twitch

X-ray diffractions of silk

WAXS

Bombyx mori

SAXS

Antheraea mylitta

Moscow, Russia



Time -resolved X -ray diffraction of muscle during contraction 



Actin filament:   ~21 (15/7)   36.5 nm

Myosin filament:   31 42.9 nm

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

Vazina A.A. Nucl. Instrum.Meth. (1987) ɸ261, 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. 

44

nm



çȰɔɠɜɌɖɢɔɚəəɚɑ ɖɔəɚè

ȽɞɜɟɖɞɟɜəɌɫ ɐɔəɌɘɔɖɌ ɘɧɤɢɧ

ɺ ʘʢʪʠʚʥʦʡ ʧʦʧʝʨʝʯʥʦ-ʧʦʣʦʩʘʪʦʡ ʤʳʰʮʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

ʢʦʨʦʪʢʦʞʠʚʫʱʝʝ (ʦʢʦʣʦ 40 ʤʩ) ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʤʦʩʪʠʢʘʤʠ ʪʨʝʭ ʤʠʦʟʠʥʦʚʳʭ ʥʠʪʝʡ ʦʢʦʣʦ 

ʘʢʪʠʥʦʚʦʡ, ʦʜʥʘʢʦ ʧʝʨʠʦʜ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʠʦʟʠʥʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʝʩʦʠʟʤʝʨʠʤ ʩ ʧʝʨʠʦʜʦʤ ʘʢʪʠʥʦʚʦʡ. 

ɺʳʜʚʠʥʫʪʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʩʠʣʳ 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʩʠʤʤʝʪʨʠʡ 

ʤʠʦʟʠʥʦʚʳʭ ʠ ʘʢʪʠʥʦʚʳʭ ʥʠʪʝʡ. 



ɺ ʪʨʠʜʮʘʪʳʝ ʛʦʜʳ ȹɎɑɢɥɒ ȦɗɘɇɋɖɎ, ʢʨʫʧʥʳʡ ʙʨʠʪʘʥʩʢʠʡ 

ʫʯʝʥʳʡ, ʘʥʘʣʠʟʠʨʫʷ ʙʦʛʘʪʳʝ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʢʘʨʪʠʥʳ ʪʢʘʥʠ ʚʦʣʦʩʘ, ʧʨʝʜʣʦʞʠʣ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ

ʩʘʢʨʘʤʝʥʪʘʣʴʥʳʡ ʪʝʨʤʠʥ çʤʦʣʝʢʫʣʷʨʥʘʷ ʙʠʦʣʦʛʠʷè. 

ʉʪʦ ʣʝʪ ʩʧʫʩʪʷ, ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʥʘʩ ʷʚʣʷʝʪʩʷ 

çʩʪʨʫʢʪʫʨʥʘʷ ʙʠʦʣʦʛʠʷ ʪʢʘʥʠè. 



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 I (fibronectin) and type II (immunoglobulin). 

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

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.

Three fibrillar structures of contractile system of muscle



SAXS/WAXS patterns of oriented titin fibres display 

three major characteristic features: 

Å the absence of meridional reflections; 

Å the presence of only equatorial reflections;

Å the presence of only two diffuse rings 

at  spacings of 0.46 and 0.98 nm 

During the strong stretching of titin fibre: 

Åall equatorial reflections disappear 

at the neck zone; 

Åthe presence of two diffuse rings 

at spacings of 0.46 and 0.98 nm never     

depends on stretching degree 

SAXS patterns of oriented titin samples have fibre symmetry 



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. 

The point group of symmetry of the titin molecule can be 
determined as SM with the axial translation Ű¤



ʉʪʨʫʢʪʫʨʥʳʡ ʤʝʭʘʥʠʟʤ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʧʨʠʨʦʜʥʦʛʦ ʙʠʦʧʦʣʠʤʝʨʘ ʪʘʡʪʠʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʤʠ ʚ ʨʘʤʢʘʭ ʬʠʟʠʢʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʬʝʥʦʤʝʥ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ 

ʤʝʣʪʠʥʛʘ, ʘ ʠʤʝʥʥʦ, ʪʨʝʭʩʪʘʜʠʡʥʦʩʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʷʞʝʥʠʷ ʦʪ ʥʘʛʨʫʟʢʠ. 

ʊʘʢʦʡ ʬʝʥʦʤʝʥ ʦʙʫʩʣʦʚʣʝʥ ʭʘʦʪʠʯʝʩʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʝʢʪʦʨʘ ʧʨʠʣʦʞʝʥʥʳʭ ʩʠʣ.



Stress

F1

F2

F3

0%  50% 500% ȹL/L

Three stages of stretching of titin fibre

Strain

S1 S2

II IIII

Intact titin fibre0

S1

S2

Tension

A.A. Vazina, N.P. Gorbunova, N.F. Lanina, I.P. Dolbnya, W. 

Bras, I. Snigireva NIM, 2005, A543, 148-152 

Q.Li, A.Vazina, K.W.Ranatunga, D.Alexeev, A.Soteriou, J.A.Trinick 

Fibre diffraction review .1996, 5, 49. 

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

Mechanical experiments with titin fibres

the stage of a fully formed 

neck

the initial state

the non-equilibrium stage

the starting neck stage

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

stages of stretching

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

A.A. Vazina, N.F. Lanina, D.G. Alexeev, W. Bras, I.P. Dolbnya. 

Journal of Structural Biology , 2006, 155, 251-262.

Dynamics of titin domains in nanoscale model

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 

Any synthetic crystalline polymer also shows 
three stages of stress-strain relation



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.

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

Multidomain proteins, where the domains are usually formed as 

modules covalently óstrung togetherô in a single polypeptide chain, 

have potential capacity to produce adequate response to stimulation 

in any direction of force field of any kind. 

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.



ɹʳʣʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ ʤʦʨʬʦʣʦʛʠʷ ʝʜʠʥʦʡ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ ʚ 

ʦʪʜʝʣʴʥʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʝ.

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʘ ʯʝʣʦʚʝʢʘ 

IgG3 Kuc ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʥʦ-ʬʘʟʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʤʦʣʝʢʫʣʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʠʥʘʤʠ ʚ ʥʘʥʦʤʝʪʨʦʚʦʡ ʰʢʘʣʝ. 

ɺʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʝ ʞʝʩʪʢʠʝ ʢʨʠʩʪʘʣʣʠʪʳ (b-ʙʦʯʢʠ) ʩʦʩʫʱʝʩʪʚʫʶʪ 

ʩ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʣʘʚʣʝʥʥʦʡ (unfolded) ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʴʶ.

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  ʩʪʨʫʢʪʫʨʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʳʩʦʢʫʶ 

ʵʣʘʩʪʠʯʥʦʩʪʴ, ʠ ʞʝʩʪʢʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. 

ʄʫʣʴʪʠʜʦʤʝʥʥʳʝ ʙʝʣʢʠ, ʚ ʢʦʪʦʨʳʭ ʜʦʤʝʥʳ ʦʙʳʯʥʦ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʢʘʢ ʢʦʚʘʣʝʥʪʥʦ çʩʦʰʥʫʨʦʚʘʥʥʳʝ ʚʤʝʩʪʝè ʤʦʜʫʣʠ ʥʘ ʝʜʠʥʦʡ 

ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ, ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʠʪʴ ʘʜʝʢʚʘʪʥʳʡ ʦʪʚʝʪ ʥʘ ʩʪʠʤʫʣʷʮʠʶ ʧʦ ʣʶʙʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷ ʩʠʣ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ʅʘʥʦ-ʬʘʟʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʣʶʙʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʚʘʣʝʥʪʥʦʩʚʷʟʘʥʥʳʭ ʤʫʣʴʪʠʜʦʤʝʥʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ

ʆʙʩʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʩʦʛʣʘʩʦʚʘʥʦ ʩ ʘʚʪʦʨʦʤ

ʊʨʘʝʢʪʦʨʠʶ ʮʝʧʠ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʜʦʤʝʥʝ ʦʯʝʥʴ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ





Ȩ ɕɔɗɑɋɊɓɎɋ ɉɔɊɡ ɇəɖɓɔɋ ɖɆɍɈɎɘɎɋ ɗɘɖəɐɘəɖɓɡɛ 

ɒɋɘɔɊɔɈ ɓɆ ɔɗɓɔɈɋ ɗɎɓɛɖɔɘɖɔɓɓɔɉɔ ɎɍɑəɝɋɓɎɥ

ɗɘɎɒəɑɎɖəɋɘɗɥ ɈɡɍɔɈɔɒ ɇɋɍɉɖɆɓɎɝɓɡɛ ɓɆɊɋɌɊ 

ɔɇɟɋɗɘɈɆ ɓɆ ɈɗɋɒɔɉəɟɋɗɘɈɔ ɓɔɈɡɛ 

ɎɓɗɘɖəɒɋɓɘɆɑɢɓɡɛ ɖɆɍɖɆɇɔɘɔɐ ɇɔɑɢɞɔɏ ɚɎɍɎɐɎ 

Ɋɑɥ ɜɋɑɋɏ ɒɋɊɎɜɎɓɗɐɔɏ ɊɎɆɉɓɔɗɘɎɐɎ Ɏ ɘɋɖɆɕɎɎ 
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The element content increases from the hair 
root  to the tip for most of the minerals

X-ray study of Hair tissues


