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Ahstract, The applisativn of 1ke hggh resolutiman ESE technigue far imecstignlive of vasicus bi-
ulngaced spstems is shuwn The advanuges of the technique @ che study of Siructural, confor-
matinal sncd dynamic chanterislics are exemplified by ogen labeled buman serum alhumin,
£2E Iysnzyme, oo hranes, inveroed s, aechymolrypsin, coman fiker and cellu-
hise, The polardy of micmenvironment and the mechanisms of molecular mebidity of the ob-
jects under sludy ore dercrminsd The combararan of Bigh recdatiog and sourstion mnsler
techniques is shomn o give the defailed analyss of very show molecular motians in biological
ohjecis Perexide madicals in bucoysiems ae idennifed by the ESR species af the T sam s
band.

1. Introduction

Various methods E:l:pl-.’bcilintg labels or prl.'ll:u:s e wi.dul:,r wsed I 'inv\esl:igu-
ticns of structure and dynamics of biclogical systems. They elude hemines-
cent labels 1], nuclear pamma-resonance (MGR) labels [2). electron scatter-
i.ﬂg labaely [1-] and others. Oee of the most Enrmml;mi:.l used i3 the spi:n kabel
and probe method based on the introduction of & nitroxyl radical into biol-
ogical systems [4—7|. The ESR spectral porameters of radicals depend on
the paslarity, structure and dynanics af the microenvironment in the pl,.u:: nf
their localization, Therefore, an introduction of spin labels or probes oo
warious sites of enzymes, nucleic acids and membranes reveals the profiles of
podarity and modecular n‘l-:'n'.':qﬂ'lly of the systems under shudy and {heir T
graphy.

Such investigations are most commonly carried out in the 3 cm o wave band
ESKE. However, the ESR specira of organic fres radicals are registered in a
FELITOW rige ol magnl:l:'l.' [selets at this radic rrrquncy {RITJ wive band. This
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leads o a poor resclution of mulieomponent ESR speciza and makes diffi-
culi the application of this method 1o the sudy of strucre and dynamics of
microenvironment in biological systems.

For example, the 3 em wave band ESR spectra do not give an unequivesal
interpretation of reasons for changes caused by relaxation in the spectrum
(e, slow anisotropic movement of radicals in the frequency range
e L0T=5 - 107 471 [d] or Gast rotatica of a mibrgey] rachical with 10% 57 fre-
quenay within a eone 8] A few addisonal difficulnies arise wlten registering
ESR specira of some paramagnetic centers with similar magnetic parame-
ters, o5 well os when determining micropolanty in biological systems [&].

Thus the ESR study of biolegical systems at the 3 cm wave band faces con-

sicherphle limtilations,

In some specific cases the increase in the method accurocy is achieved by a
aon-rmidluliiien registration of ESR spacira |‘=|'] Lo molecular mobility in
the frequency range of »<107 &1 can be registered wsing microwave salura-
tion transfer (ST ESR) |5.10). The cfficicncy of the 3 em wave band tech-
nique may be increased by dewteration of radicals and molecules of medium,
which lower the contnbatsn of their predons ko the wickth of the spectrm
components [11].

However the ESR teclmgue in millimeter wave band provesd 1o be a more
cffickent and precise method of spectra registration |11—16]. In this eegion
the absolute sensitivity amd spectral resolution for polyoriented parnmognetic
oenters i model syvslems increised i:unxidemhl}'.

The present paper reveews licst reselts oblained 10 the study of microstoe-
wre and dynamics of & wide range of blological samples (proteins, enzymes,
membranes, micelles, a-chymotrypsin, cotton fibers and cellulose) using a
high spectral resolution ESE at the 2 mm wave band [17], The potential ad-
vamtages of this technigue in the detailed study of very slow anisolrogac
mowements of nitroxyl radicals by 5T ESR and in the identification of per-
owiche radicals in biclogical systems are shown,

2. The ESE Method in the Study of Biological Systems

Paramagnetic properties of nitroxyl radicals used as spin labels and probes
are due to the intrinsic magnetic momentum of the unpaired electron lo-
calized on the melecular p-orhital {Fig1a), When the external magnatic field
H, is applied 1o a system of sech radicals, their spans are ooented alomg or
opposite o the figld direction. These orientations are characrerized by the
difterent walue of interaction with the magnetic field, thergfore in the para-
ma.guetic syslem thers appear twio Feeman anerTpy Jevels with different spi;n
population. 1f besides the constant magnetic [ebd the spin sysiem interacts
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with the RF field of the » frequency and &, magnetic component which is
pu:pund:uul;lr [£4] H,:,. an induced transition from one spi:n =fate to another
ane with the resonani absorption of the RF energy will take place. This s
true fior the condition:

hv=gfH,, (1)

where ki is the Plank constant, v is the frequency of RF field, gis the Lande
Factor egual to 200232 for a free electron, #is the Bohr magneton and 1,
is the strength of the external magnenc feld.
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Anomic orbits of the nitrexyl radical are rigidly fixed and orented in the
melecular system of coordinates by strong atom electric fields, Besides, the
vpazred electron participates me e orbital meton around O and N hete-
rcatoms, which gives rise fo a considerable deviation of its gfactor from the
purgly spin one and its dependence on the radical orentation in the mag-
netie feld.

The g-factor diffesences from the 200232 value at the magnenc field aleng
the maolecular x- and paxes will constitute [18]:

AHH =& 'i'l.l E'H'II":IEH.‘ andd AK:.:. = \‘.;E"J'IJ ?'l"rdEax‘ {z]

respectively, where g, s the pfactor of free electron; A, 15 the constant of
spin-orhital interaction with oxygen nucleus; g is the density of the un-
pisred electron on the OxypEn atorm; A g ansl .d.l".'m. T ENErgy chifferences
of the corresponding molecular orbitals. The weakest change in the g-factor
is nhseried at the magnetic feld along r-axis of the radical,

The other important characteristics of a nitroxyl radical is the value of
hyperfine interaction (HFI) of the unpaired electron with the neclear spin
(= 1] of a nitrogen atom, This interaction depends on the configuration and
densny of a spun cloud on the :|1:iln:|ngen nucleus and s charscterized b-:,- A=
tensor,

Thus the mognetic parameters of a nitroxyl radical are affected by it orien-
tatica in the magnetic feld and dafined by r- and A -tensors,

In the condensed media with low viscosity the components of g- and A-1en-
sors are averaged due to a fast radical rotation. In this case the ESR spec-
trum of the mitrgeord radicnl is @ triplet of equidistant lines with equal intens-
ity; it is characterized by the isotropic magnetie parameters (Fie 1b)

Buo = (Futdy Fie)/3 and a= (A, +4, +4,.)/3, 3

where g, and A, are the principal values of g- and A-wensors, respectively.
With the incresse in the medium viscosity the anisotropy of the radical mag-
aetke parameteds s repstened in ESR spectea (Figs. le—1¢)

The magnetie parameters are essentmally affected by structueal and dynarmic
propertics of the nitroxyl radical environment.

In biokogical systems nitroxy] radicals can form donor-aeceptor, clectrostatic
and other complexes with the molecules of environment [19). About 1%
spin density in donor-acceptor complexes is transferred o the ligand as a re-
sult of 3 hydrogen bond formation. The magnetic constants of such 2 com-
plex depend on the donor-acceptor properties of the Ligand. [n electrostatic
complexes the interaction betwsen the dipodes of the ligand and the radical
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causes electrostatic perturbation of Hidckel molecular arbitals and Coulomb
integral of the M—Cr fragments, The dipole-dipole inteeaction leads predomi-
manily o the changes in the A, value of the HFI tensor [20], which can be
determined from the fellowing formula:

el = oy ML i)

where f=23eq3~"k Tk, (¢ is the elementary charge, ris the N—O-fragment
radius, & is the rescmant integral of the C—C-bond, & is the Bolizmann con-
stant, Tig the alselute temperdure, o is the radieal dipole momentum), g,
My and g, are the effichmn density, the molecular weight ond the dipole
mamentum of the environment, sespectively.

The complex formation also leads 1o a shilt of the n—=x-band in its electron
absorpricn spectsa, that is an evidesze lor the energy change in the n—x”
orbital transition. The radical interaction with the electron acceptor and
electron donor ligands kowers the energy levels of n- and = -orbitals, respec-
tively, thus affecting the g,, value [L8].

Thus in the condensed media the imcrcase in the polarity of the nitroxd
radical microsnvironment leads to the decrease of g, value and o the in-
crease of A, value, Unlike simple models, in biological systems there occurs
a formaticn of radical complexes with environmental bydroxyl groups of dif-
ferent mature, [L can cause the mhomogenecus broadening and sometimes
the splitting of separate components of the ESK spectrum,

Ag stated above, the merease m viscosity results in the decrepse of the radi-
cal rotaton frequency, and the anisotropy of its magnetic parameters ap-
pears in ESR speetra (Figa.lo—1e). The dweary of spectra of setropically ro-
tating radicals with the correlation time of . <107% 3 8 developed n
|21=23]. At o slower rotation it is wsually necessary to carry out the com-
parison betwean the experimental and computed ESR spectra. The compu-
tatica algerithan and the shape of the computed ESR spectra depend on the
metzon pattern chosen. As a rube, the moebility of spin labels and probes in
biclogical systems is determined by the varnous parameters of their snviron-
ment ard is sirongly hindered. Because of the aon-sphencity of regularly
uzed radicals their motion is generally anisotropic in the majorin of biokogt-
citl systems. In this case the changes cansed by relaxation in the ESR spectra
of randomly oriented spin-labeled systems should not appear for that part of
radicals whose preferable rolation axes are mainly orienied along the field,

“Thus for @ radice] with o preferable rotation around the molecular x-axis the
changes caused by relazanon lake place primarily for v- and z-components
of the ESR spectrum as the moticn is mtensified, At further development of
the process the x-component is also involved 1o in The changes caused by
relaxation manifest in the shift and broadening of the componens of the
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ESR spectrum. The walue of broadening 44, is proportional to frequency of
slow [wed o 108 &) raclical reosientation with sespect 1o the direction of the
external magnetic field [15]:

[l A L U dH, = dH, = (v Ry, (3

where pis a hyromagnetic ratio, v and vy ane the I'rzqu.ern.'ies. of the radical
rearicntation in parallel and perpendicular orentotion to the external field,
respectively, These conclusions are also valid for the radical with other axes
of the preferable rodation,

Thus the precise smdy of the structure and dynamics of the biological spin-
labeled systems requires the registration of all principad valses of their mig-
netic constants.

However, there is an almast complete overlapping of all the Enes in the ESR
spectrum of nitroxyl radical in condensed medium registered ot the 3 cm
wirve band (see Fige ld and 1e) Some of the components of g- and A-wen-
sors of dewterated spin systems may be defined from the ESR spectra of the
3} em wave band because of smaller line width (Fig. le) In real biological
ayatems the problem of the definlton of the magrete parameters is more
i:ul:n'pli_crl:u-d. As g rele, only mupelil: parimeters of B A, and the 2-com-
ponent width are determined from the 3 em ESE spectra,

As stted above, the ESHE method s more accurate and mformative at a
higher registration frequency, However, ot the 8 mm ESR wawve hand the
anisotropy of the g-factor is comparable with that of HFT s that overlap-
ping of lines of different canomical ofentations retain o a considerable de-
pree |24],

Al the 2 mon wave band the resolution between spectral lines increases by
more than an order of magnitede (23] (Fig.2), that makes o possible o
determine all magnetic parameters of nitroxyl radicals, An independent ana-
lysis of changes caused by relaxation in each component of the spectra and
the anisotropae bow modecular rodatons smody become possible. Though the
A,, and A:r.r values ane not resobved in biological systems because of the n-
reraction of unpaired electron with radical protons and its environment, they
are eustly determined from the halfwadth of the corresponding eanonical
components.

Thus, high spectral resolution at the 2 mm wave band of ESE allows {0
shisdy e stewetural and conformational ransinons in pative biologieal ob-
Fect. At this wave hond the l.:u;mﬁgurntioﬂ of the xpin chistritbation n the or-
ganic radicals can be more swccessfully determined and the registrofion of
several radicals with similar magnetic parameters can be earried out as well.
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Figd, The ESR speoira of the T o mange of the desmereeubeitubed nitneod ridical - to-
Tgng registerad an 11 E S The mesurad magnels pammeten are shvwn.

1. Peculiarities of the 2 mm ESR Spectroscopy

According w Eq 1), microwave radiation ar 2 mm wavelength and o strong
constant magnetic fiekd (wbout 5 T) are required for the negistration of para-
mignetic centers with g=2 ar 2 mm ESR wave band. Therefore the 2 mm
wave band ESR spectrometer includes an M, misrowave cavity and o
super conducting magnet |235].

The general sketch of tee 2 mm wave band ESK devace is given in Fig 3.

The man part of the spectrometer includes the microwave klysiron oscillas
tor (11} with some elements of the wave guide section and a cryostat (1)
with & super conducting solencad (2], in whose warm chanmel the munable
resonatos (5) with a sample (), temperature-sensitive (3) and modulator (4)
coals are inserfed, A srl.mple i a thn |:_[!.5 mm} Guirks L'..\pillﬁ::lr {7 mm loang)
I8 put im0 the center of the cavity with the mobile plunger.

The microwave cavity with the sample inside is temporature-controdled
(80—370 K) However, the repistration of the ESR spectrum af lower lem-
pentlhures malso available,

The (actor of the cavity (inmer diameter 3.5 mm, operation height 1.5
mm} is equal to 2000, The vahee of a microwave field mapnetic component
Hy s oegqueel o 20 @1 o the center of the cavity. The magnete Geld inhomo-
seneity i the sample situation does not exceed 1077 T/mm,

The shenlute point-sample sensitivity of the spectrometer is 5 < 107 spin/mT,
The concentration seositivity for an aquesus sangles 15 60 1007 spin/mT
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Fig% The skeich of the 2 mm weve heed ESE speoirnmeer [25): 1 — Belium cryostal, 2 —

superconducting solenosd, 3 — remperaturesensitive e, 4 — o ewdulaar enil, 5 — micra-
wawe coviy, 6 — semnple, T — sofennid sugply, & and 21 — pRase shfler, 9 — ae medatatos
L I — a2 osgillones, 11— Klystenn ascillanes, 12 aml 15 — deectional MW cauples,

13 anad 20 — MW atienuarors, 14 — MW crealatar, 16 — super ke lesperaturs [(£.2 K Bar-
remer, |7 — no presmplilier, 15 — ESE amplifier ssd svesheameus detestos, [9 = seasan of
i seddjeestinesn of the BAW Klystenn ascllalee.

em?, In the latter case the samples were placed to capillarics of smaller
diameter to retain high (-factor.

All experinzents were carreed oul with the hiph frequency (100 kHz) modu-
latioe,

The g-factor calibration is performed using the Mn™ standard with a= 874
mT and g=200102, The second order correction to the cffective resonant

field |2&] fior this standard is 65 wT. This does oot add an essential esror o
the determined magnetic costants,

4. The Structure of Microenvironment and Molecular Mobilicy of
Mitroxyl Radicals in Biological Systems

In the ESE anvestpation of biclogical objects ot the 2 mm wave band the
E“r:l]nwjng matresyl radicals were wsed as s|1i:|1 Tabels anc prr_ltrc.s.'
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Magnetic constants of the spin lobels and probes in variouws matrices were
determined from the ESR spectra repistered ot the femperature when all the
movements in the s.'!rl‘lp]u are {rozen {sm A.p'pcndix}.

Let us consider the influence of the radical strucrure on its ability o form
complex with microenvironment. Unbke the five-member rudicals with 3 Aat
head, the six-member radicals are characterized by a chairwse form of the
head, therefors the si-member radicals probably poasess the higher accessi-
hility of their p-orbital for the partners and consequently higher encrey of
the hydrogen bond with them.

In fact, the average slopes of the correlation dependence between g and
Ay, of sixe (LI} and five-member (ILVILVIL radicals in biclogical and
mezl systems are 23 1077 mT™" and 1.2 107° mT™, respoctively (sec
."'q.;rp-cnd's:-:]. This conlficms a greater shaft of ghe 5p&n d.-:nsil}' i the r_|i1:|'4;|J__l,cn
atom 1 the six-member radicals in their complex formation with the micro-
envizonmment of the same polasity | 18]

The correlatons between expenmental changes of A, AA%F, and calculaged
ones, dASE, for sis-member radical | {dots) and for five-member radical V1L
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[30) imture (6 and warer-glyeseal {10:0] misure (7)1 7],

[squargs) in various model svstems are given in Fig4. As seen from Figd,
the lingnr dependence between the 8ADF and 3455 waluas for both radicals
retaing only in model systems with the dipole momentum mot bigher than
1.7 [0 Therefore, the presence of both electrostatic and donor-aceeptor
radieal L'mnplem with the microanviranment miy be pssumed for these sy
tems. The different slope shows higher sensitivity of six-member radicals o
the polarity and structure of their environment.

Thus, a simulianeous existence of different todical complexes is possible
bath in model and biokogical systems. The magnete constants of the radseal
are determined by the proportion betwesn these complexes, the efficient po-
larry and strueture of ils envircnament.

As shown above, the g oand A values are mosl senstive o the changes in
the polarity and the structure of the nitrocyl radical environment. Therefore,
these propeciies are determined using the correlation between these values,
£, and A, in biological and nrodel systems.

Egg lysozyme. Lysozyme samples modified by spin label [ on Hys-15 group
ad described in |27) were siedied a1 2 mm owave band ESR 28] The ESR
spectrum of the Iyophilized sample is choracterized by a strong inhomogene-
ous broadening of the canonical components. The broadening is partially de-
creased aller sinmmple :Iumpln.g. This Fuel shows (hat fhe interaciion bebween
nitroxyi radicals and hydroxyl fragments is of different nature in the dry
sarmple.
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pn plot (g, and Ay Bororadhcal B oin Promes (100 KJ (painted cirgles) do-
al (2 ethamsal {3, waleecthanal miztuse wilh O25 (43 050 (5], D66 (6)
.0 cantent, Banel (7], weter=glyceral (1R1Y mixiuse (B cpe Waecyme @poses) af the
b 1), 635 €20, (Lo (3, D0 (d), 486 (51 relotive humidity deres, &, B serum al-
bumin [triangles upd of tre QU [apen) and 056 {painted) relatve humidicy degree, @ chymat-
rypsin {recianghes) of the QUK [open), 065 (sermpaimed) and (9% (paimed) relative humiday
dipree, radicals 1E (iriaegles downd and [ {rhombuses) in the human serum albumia of the
D004 fuprend i U6 (priinted) vakes of ekt burmidity dugres [ 25,30

The mazpnetic parameters of the frozen epg Ivsozyme, a-chymotrypsin sam-
ples meddified by raadical 1, the hwman serum albomin samples modified by
sachcal [=I[I of seme relidive bumidibes ancd solugion of rcdical [ in Qrg,anic
solvents of different polarily ane pn:-se-nl:d in Fig.ﬁ. A oseen from Fig.&, ihe
ingpease un the polasity of the microenvironment of sadical [in model sys-
mems causes gradual decresse i the g, and inceease in the Ay, values, This
fact shows wneguivocally the formaton of an n—o radical complex with
molecules of the mediom [19]. The deviation of the expenimental correlation
betwezn g, and A, from lincarity can be explained by the presence of elec-
trostatic and donor-acesptor complexes in model systems.

A gradual change in the magnetic constanis af label | takes place ar the ly-
sozyme saturation by water (sec Fig.3). Obvicusly, there exisis an n—a com-
plex of the radical M—O fragment with the emironment in modified ly-
sozyme, The close wvalues of magnetic constants of the radical 1 in
Iyophilized protein and in the butanol model syscem enable o suppese the
similar pelarity and strocture of the radical fragment environment in these
mairices

The deviation of the correlation beween g, and A, from thar for maodel
sysiems may be explained by the conformational changes in the radical
structure under the action of protein media,
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Figh a The ESR specira of radical [ in egg Ivsozyme wath the salue of reletive humidizy de.

gres of DG cepistenid af 130 K o the 1 men wave band and b ihe plot of che posicion {salid

curve) and holi-widch (dooed pwree) ol the ESR spednes componenls vi lespesalurg ;'!H|. I,
10, 1% = the pusinons of Ma'* standard componesas.

The changes caused by selaxation in the BESR spectra of spin-labeled sam-
ples were not ebaerved at humidiny less than 08 in the 130=320 K em-
perature rangs. It can be explained by the rigid fixing of the radical fragment
by nearest EI-OﬁnLai.u:ing groups ufpmtcin.
Heating of the waler-saturated sumpie results in the considerable reversible
broadening and a shift of the principal components of the ESR spectrum
(Fig6b), In the 130—320 K temperature range the narrowing of the x-com-
ponent of the spectrum i observed due to the averaging of the unresclved
hyperfine structure (HFS) of racdical amd protein fragment predons. 11 i an
evidenze of the moistening effect on the molecular mability in the sample
even al low temperature {7200 K), At temperatures higher than 230 K the
acomponent of the ESR spectrum s shilled to low felds. It cannot be ex-
plained by an increase of the moelecular mobility. Since these was no such an
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effect in the |vophilized sample, it can be assigned 1o the weakening of the
hddrepen bond i the N=0) fragment with the water molecules in the vi-
caniy.

The changes caused by relaxation in the ather components of the ESR spee-
trum of the water-saturated sample are repistered above 260 K and can be
explained by amisolropie roltona diffusion. 10 is probably coused by
weakening of the interaction beoween the radical N—O fragment and the
surface protein groups and further hydrtion of the radical and protein
groups. In this case, e water modecules appear 1o be .1p-euifn€: pLasI'il:ixErs of
the protein globule mobilitg which in wm promotes the radical rotation.

In the case of anisotropic motion the broadening and the shift of the prine-
pal witlues are different For cantnical components of the ESR spectmum, In
the ESR spectrum of spin-labeled lysozvme the pcomponent B8 broader than
the other ones because of the weak anisotropy of the radical rotation around
the z-axes. The theoretical caleulation made by Antsiferova [28] confirmed
this sugpositicn

According 1o the NMR data |29], the nitroxyl fragrment of the label [is 11
A far from the Hys-15 NE-group and 10=11 A far from the Phe-3, Val-92
and Uso-B8 protons. [0 corresponds o the stretched confornsation of the
label and the localization of its nitroxyl fragment near a hollow formed by
1he mentionad hrdrl.'lp]'ll.'lm ELps. The rotaticnal diffusson of the ni1:r|:.|:i_1_,-l
fragment remains stow, .25 10% s {r, 211 - 107" s, 7222 107% 5, up o
MSKE, The eodmbon i lkaly b oocewr around  the =C—MNH—  and
—CM,CO— bonds, whose direction is close to the z-axia of the radical gen-
50T, The mobility is limited by the interaction of the radical with the protein
aroups ard perhaps with the molecubes of “wseous” water, clese to the pro-
tein surface, The mobility depends on the microviscosity of the water-pro-
tein matnix in label vicinily, The efficent kel viseosity in the hydrophobic
pocket of lysozyme is ca 60 Pas, as calculated according 1o Stokes-Einstein
aquition st 300 K from 2 mm band spectra,

Human Serum Albumin (H5A) The H5A sumples labeled by mdicals [-111
were studied in [30]. The medification of SH-grougs of HSA by radicals |
and I and the insertion of hydrophobic probe 111 were carried out as de-
sertbed in [3]'.

The magnetic constanes of the HEA modifred by these radicals {relatve hu-
midities were 0004 and 0.96) are presented in Fig.5.

The magnetic constonts of the HSA modified by radicals [ and IT (humidity
004} fall within the corelation between g, and A for model systems,
which evidences for the similarity of structures and polarites of the micro-
environment of these labels in lyophilized H3A sample and in frozen gtha-
ol system. The amalysis of changes in the magnetic parametess of radicals 11
and 1T in model systems is required for the study of the influence of their
alrwchere angd Fu1|:,:ri|3,- an e microenvisonment in HS A,
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The ESRE spectrum of H3A modified by label 1T containg split s-component
due ko the different types of interaction betwesn radicals and environment in
this system.

Az the inereased humidity the radical fragrment of label [is solvined by the
water molecules similarly to the water-glveerol misture. Label 1 in HSA
seemns 1o be accessible W waler environment, Apparently, the seme picture
of properties is characteristic for water-sarated HSA and ather radscals.
However, virious interastions of radicals 1 and 11 with the microenvironment
may be proposed for waler-saturated HS A,

Liposome Membranes. Conformational and molecular dynamic properties of
phospholipad balayers are of extreme importance in the realization of bic-
chemical and binphysical procssses in membranes.

The SO rIson ol moleslr TI'II'IhEﬁI':,I nf prq;'b-q:s I amd W introduced into
the aguecus solution of phosphatidylcholine liposomes in the phosphare buf-
fer (pH 0.7; 0.02 M) and the molecular mobility of probe VI in the ethanel
matex wits made in [32]. Ar LED K the shape of the ESR spectrs of the lipo-
some membrames with the probes inserted differs only slightly from those of
the frozen ethancl matric In the laer model system at 735 1ad K the spli-
timg Gf the x-component of the spectrum was observed which could be ex-
plained by the presence of several types of radical complexes with the sol-
vent malecules.

The heating of the studied systems lends to the appearance of the changes
cawsed by relaxation in lineshape of their spectrum. The lemperature-de-
pendent Ehzﬂ_l\i,!?i e the wichth and the p-qxsiliun of the BESR FpaCiriL GOmpd-
nents of biological and model systems are illustrated by Fig.7.

Aa seen from Fig e, the motropic rotation of the radical VT s observed in
the ethanaol matrix at T 150 K. A different mode of the changes in the line
shape is observed for the membrane systems (Figs.7a and Th) The main dif-
ference from the model system (besides the shifl into the region ol higher
temperitures amd weaker changes) is the noticeaBle shift of the +- and z-
components at their weak broadening. These differences can be explained by
the weak anisotropie rotatten of the radical around the waxis or by the de-
crease an the contobubion o the hne width of the wnresolved HFS of the
surrounding profons, The correlation time of the probe retation in the lipo-
some membranes was ©.2 1077 & ar 260 K within the Brownlan diffusion
el

The changes caused by relaxation in the ESR speetra of probe IV in mem-
branes are registered at the emperature above 200 K. The sume changes in
the ESR spectta of probe V' reveal themselves at higher temperatures
(T2 240 K). however, they exhibit a sharper termperature-dependence. These
differences can be explained by the asswmgtion thal a postively charged -
troxyl fragment of probe 1V is accessible o water being located at the sur-
face polar sites of the liposome membrane [32], whereas the W—0 fragment
of probe % is in Lis softer lipad pare [33].
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The observed changes in the line shape are of & complicated charaeter,
therefere more than one parameler, e, the correlation time, is needed for
their description. However, a qualitative conclusion can be made, namely,
the frequency of probe mobility in the membranes at 260 K doss not exceed
107 57, and the dependence of mobility on the temperature is mainly deter-
mined by the environment closest o the probe. Thus, for probe 1V, located
in the surface layers of the membrane, the mobility increass at T>=200 K is
probably caused by melting of the surface water matrix. An active Tragment
of pruhu YW olsin 3 more :'igil! I'ipi.d pitrt of the membrans a.dja;;cnt to the sur-
face layers. At higher temperature the fragment conformation is changed
and the increase of s motality proceeds more sharply.

The comparison between the magnetic constants for the membranes modi-
el Ty ]'.hrnhz YV oand lor model syslems with fhe similar radicals leads o the
contlusion that the structure and polarity of microenvironment are close for
prrobe Wi mermbranes and probe VI the froxen methano] matrix,
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Inverted Micelles. Solutions of surdzce asctive substances (SAS) in orgamic
solvents are considered to be perspective systems for various blochermical
processes [34] Due w the polar core, the inwverned micelles acquire the
ability of solobilizing ions. polar substances and a large number of water
maolecules. The catalytic activity of the protein engaged into the inner space
of the micelles depends strongly on the polarity of the inner space and the
structute of the micelles shell |35]. The propenics of the micelle-protein sys-
tem were sludigd wsng spin labels and probes at the 3 cm waove band
[B.35,36]. However, msufficient spectral resolution at this band did not allow
e apply this method to e study of structural and dymamic parsmeters of
this syarem.

The resubs of the 2 mm wave band ESR investigation of the microenviron-
meat polanty and dynamic properties of parmmagnetic probe VI in the sys-
wem shell of invested aricelles of sedium dusooetylallosmesinge in octane,
containing solubilized procin e-chymotrypsin [37] are given below. The
samples were obtained according o [35].

The magretic conatants of paramagnetic prote VI o [ozen miceliar sys-
tems with the bydration degree [ R={H.O)/[5AS5]) from 0 o 80 aod ia
some model systems are tisted in the Appendix.

The comparison of corresponding magnetie constants of micellar and model
systems shows that probe VI in the micelle shell practically has a nonpolar
emvironment and its magnetic parameters depend weakly on the hydration
degree, H Consequently, the radical fragment is localized in the hydro-
‘phobic zone of the micelle shell and does not interact with the water moje-
ciles. SUgh‘l d'.-ang&i n thee nmppleﬁl: constants of the pn:ll'n: at the :I‘LanFs in
the system composition can be explained by the effect of the hydeation de-
gres on the size and general state of the micelle shell. The obtained daa do
net confirm the conclusion made in [25], where anomalowsly low 4 value
of probe VI in the hydrated micelles are explained by its different bocalizas
1300 in the mzlrix,

As the temperature increases above 200 K, the components of the ESR
spectra of the probe VI in micgllar systems are broadening and shifted due
oy the increase of medecular mobality (Fig 8y At 260 K the spectrum compo-
nents are overlapped into a wade (2 mT) singlet correspending 1o the rdi-
cals with the rotation frequency of = 108 37" This singlet is practically
overlapped by a triplet corresponding 1o the radicals with the rotadon fre-
quency of v;= 101 57t (see Fig.&). The change in the hydration degree from
3 1o B0 lewds to the increase in the g-factor of the second paramagnetic
certer. This shows that 4% of the probe molecules are beyond the lipid
laver, thewr ||:r:lbi]il:,.' 15 'IL'ig'h amd rl'w.}- inferact with water molecules solu-
bilized i the ioner space of the micelles. The difference hetween the g-fac-
tors of both paramagnetic centers can be explamed by the different eonfor-
mation of the radical microcnvironment in the shell and in the inner space
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Fig8, The plot of the positsoes (wobd curve) s Bqll-widith (detted curve) of k2 unifeem ESR

spectrum campenents of redeal V1D in ioveriod micelles ve remperabere (37 1=1¥ = the po-
sitinng af the M siandad cemponsnta

of the mdcelles, and by the dependence of the conformation of the Tadical
micreenvironment on the hydrsion degree.

The comparisan of the experimental ESR spectra with those theoretically
caleulated by Amsiferova [37] showed that the addition of protein to the mi-
callar system resulted in the two-fold decrease in the activation energy of the
probe rotaton. It shows the higher ngidity of the micells structure at such
transition, The reverse effect is observed at the increase in the hydration de-
gree of micelles with pratein,

The abtained data can be explained by the cooperative effect of water and
bioglobule produced on the micelle structure, microenvironment and o-
Taidiny of Ute probe being remote from the interface.

a-Chymotsypain. The catalytic activity of e-chymetrypsin depends on the
sirpctural orpanization and molecular mobility mo the scimty of U8 active
cemter [38. The intrcduction of a spin label to the zone of enzymatic reaction
gives valuable information on the stractural and dynamiz parameters of this
site which can be compared with the catalytic actvity of a-chymotoy psin.

Thie results of the study of strecrural and dynamic characteristics of the en-
vironment of spin label I bound o methionin-192 group (39] in the repon
of the g-chymotrypsin sctive cenlers are presented o this section. The stady
of the enzyme of 0.04—0.% humidity were carried out in the temperatares
rangs 150—320 K

The ESE spectra of lyophilized spin-labelled a-chymoteypsin at 150 K are
claracterized by lower inhemogeneous broadening of the canonic compo-
nents a5 compared with the egg Iysoeyme, which can be explained with
fugher homogeneny of the label environment in a-chymotrypsing Neverthe-
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less o considerable broadening of the spectra components of the sample of
096 humidity {Fig¥) is observed which can be cavsed by the conforma-
Tional change:{ ut the sample Lluring it w:lﬁr:g,

The eragretic pacamelers g, and A, of radical [ located in the vicinity of
the active center of frozen a-chymotrypsin relstive humidity of 0,04, 1635
and 056 are presented in Fig.5. As seen from Fig s, the magnete parame-
tars of lyophilized sample practically goincide with the general correlaton
between g, and Ay, of model systems. This demenstrabes the similarity of
the pelarity and structure of redical [ envirenment in the lyophilized samiple
and ethanol marix. For the sample saturated .b:f witler the active fTugmcnr of
Tael [ {like in the case of HE3A) 18 solvated with its molecules forming n—o
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radical complex. It is seen from the pradual changes in its magnetic parame-
tera. The pu:}]flrii_\' of 1he rudical sucroenvironment merenses h,r 1.4 and 1.3
times for the increase of the relative humidity from 004 10 065 and (.96,
respectively. Different slopes of the correlation plots {g,, and A ) of radical
I i model syslemis and a-chymolrepsan fiLity nm'bnhl':,l indiciie the pn.-:ﬂu:-
minance of the donor-goceptor radical complex over the electrostatic one in
this hiclngical system

The ESR spectra of the lyophilized spin-lubelled a-chymotrypsin did no ex-
hibit any changes caused by relaxation in e Lne shape up to 200 K whick
is exploined by the rigid fixing of the radical fragpment by the groups sure-
rounding it, At higher temperatere the label mobility increnses (see Fig.9a).
The correlation times of the label rotation defined from the ESR spectea
were equal to 7,= 6« 107 Yexp{—8.0 - 10FAF T) and the efficient microvis-
coatly in the plyce of the radical location at 300 K was 72 Pas,

Al damping of the sample the molecelar mobility is registered at lower lem-
perature (Figs.9h and 9c). The analysis of the experimental data showed that
the rotatton of the radicad 1 in ez-l:]l}'m-;ﬁr:.lpsin pmﬂcﬁh arcund the _y-uxis
with  the corrclatton tme of ro=30- 10 exp(=246 10F % T and
oAl 10 Vexp(— 18 WAE T at humidity of the sample of 065 and
(8, respectively. The value of the efficient viscosity in the place of the
radical kpeution decreased from 72 to 14 and 7 Pas with the increose in the
relative hemedity from 0,04 o 065 and 086, [n contrast to the lyophilized
sample, the w-component of the ESR spectra of damped e-chymotrypsin
samples shifls o wenker fields at heating (Figs. %% and %) This effect and
the same effects in otler spin-labelled bickopeal svstems may be explained
by the weakening of the hydrogen bond of the radical complex in the
damgped g-chymotrypsin as lemperature increases which s defined by the
walue of the relative humidity.

Thus, the molecular motion of label [ in lyophilized e-chymotrypsin is hin-
dered by the sLrong interaction of its nitroxyl Eragment with hydroxy] groups,
In the rudical complex the latter are partially substteted by water molecules
during the sample damping which leads to the increase in the radical dyna-
mics. Since the motion of the label in egg lysozyme of relative humidity up
o 0.8 was completely frozen, the conclusion can be made that the radical in
a-chymrypsin has sorme odd dEgrBest of freedom as c\q;-mpgred o |}‘SDE.'}|"I'I1E
and is located in the hydrophobic pocket of other structure. This is con-
firmexd by the difference in the axis of the predominant radical rotation and the
character of 115 interaction wath the environment i these systems, The corme-
lation time of radicnl redation in e-chymotrypsin decreases down o
550107 5 n the above mentioned meveller systems with the hydration de-
gree, A= [35]

Cotton Fibre and Cellulose. To determineg the mechanisms of chemical con-
viersions in the cotton Ober and cellubose it is necessary to know their micro-
structure and dynamic propertes. The ESR spectroscopy s widely appled
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to the soiution of this problem [40.41]. However, in the case of these natural
biopolymers as well as in the above discussed ones, low spectral resolution
of the conventonal 3 cm ESR wave hand doss nol give the complete pic-
ture af the processes in these systems,

The ESR method of high speciral resolution was used in the study of sirac-
tueal and dyvearme parameters of the medified eorton fiber [42] and miceo-
cryatadline cellulose (435].

The cotten fiber from the 5595-V and Tashkent-1 cotton strains and micro-
cryvstalline cellulose [Ty amorphised under the 2 - 10° Pa pressure betwesn
the Bridgman anvils with 107 and 400° shift {CA—T and CA=II, respectively)
were imvestipated, The spin [abelled by radical VI cotton fiber and estla-
lose modification was carmied out according o [44). The C and CA—T sam-
plea weee exhibited 1o " Co-radiatdon (10 MBRad, 290 K} in the air.

Ar 150 K the ESR spectra of the Lyophilized spin-labelled systems as those
of egg lysozyme are characterized by the considerable broadening of the ca-
nonical lines caused by the interaction of the nitroxy] fragment wath the hy-
q'.rmqll ErOUps af pwluinx. The Tn:l.g,neli-:.: comstants ol radical VI ia the bial-
oppeal and model systems estimated from theis ESR spectra are given in Ap-
pendix.

The valees of magnetic constants g,, and A of radical VIII are summarized
in Fig L0, Figure shows that the magnetic parameters of 3585-V and Tash-
keant-1 $.1rnplu'; correspeoad 10 the obtamed correlion Beiween g an A
for the model systems. It leads o the conclosion that the structure and the
polarity of the micrcenvironment of the radical VI are identical in the
Toshksnt-1 somple and ethanol marix as well s in the 5595V sanple and
wialer i,

Crutte a different picture 13 obgerved for the spin-labelled sample of cellulose
and cotton fibre from Vylt-infected Tashkent-1. Their magnetic constants do
not follow the general correlation between g, and A,, of frozen model sys-
tems (s Fig 0 It can be explaned by conformational difference in the
Labed VI e ceemvaranszent i these biologieal polymers.

Al keating of the 5595V and C sameples the ecomponents of their ESR
spectra gradually shift into the weak fields (Figs.11s and L1h, respectively),
As in the case of lysoryme, most probakly it is caused by the weakening of
the h:fq’.m-gm bond beteeen the radicel Fmgrn.en[ and mickeeules af the
mticroenvironment al elevated temperanures.

At 315 K the pcomponent of the ESR spectrum of the yophilized sample
of 5503-% is a superposition of at least two lines, iz o wide singlet and o
iripler with g= 2.00610 and a=1.52 mT (Fig.lla}. The triplet is due do the
presence of the amorphous regions of high radical mobaliy (z 5221075 5,
335 K The estirmate of the radical portion in the amorphous phase (about
296} is i agreement with the value obrained carlier at 3 cm wave band [44],
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The difference in the label isotropic g-factors in the crvstalline (2.00353)
and amorphous (200610) phoses is in agreement with the shift of the x-
cormponent 1o the weak helds as the lemperature increases. 11 shows that the
intensification of (e melecular motion 0 the amorphous regrans of the
5595-V sample B accompanied by the weakenme of the radical hydrogen
bord with the microenvironment.

The exmtence of dillferent ph;me!t in cellulose was aot r\es;i.ﬂ:rbq_l.

The heating of the spin-labelled 55%5-V sample results in the shift (0.7 mT)
anel the broadening (D0F mT) of the scomponent [FipS) This weak
I:Ir\cu:-dun:ing of thie line al-:mg wilh a consulerahle shabt -:l'is.'lg'reﬁs with the
model of Brownian isotropic solationr and with the model of large angle
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A=l ic) and CA=IL {d} vs. lemperzure |42,42]. 1-1%¥ — positors of the Mo’ sandard com-
P

jumnps [40k45], This effect can be expluined either by the compensative par-
rowing of the hine due to the decrease in the inhomogensous broadening or
by the presence of fast wrsion oscillations of the radical fragment near the
a-axis [46] with the frequency of 105" amd amplinede of 13 (335 K

The analysis of the wempersture dependence of brosdenimg and she shifl of
the z-component of the ESR spectra of the spin-labelled collulose samples
(Figs.l th—11d) o5 well as the comparizon with the corresponding clanges in
thearetically caleulated ESE spectra [47] leads o the conclusion abour the
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Figdl The ESR specira of radied {10 MEud) samples ol Ivophilized celiuboe C [ab) dnd
Ca—IL icd) registered m 200 K in 5 em {ac) and 2 mm {Bd) wove bamds [430 D=1% — gosi-
whons of thee Mn® sndord competents.,

Brownian rotation of label V1T around the axis of the preferuble rotation in
the xz-plane of the malecular coordinate system.

The :|.r|:||.|:r|'|hi7.'||!it'm of the sample O deads 1o the clamp&ng of the lubel mo-
I;ilil::f' im Ca=1 and o p:lrl‘i:l] recuction of the |:|i.l$|:i|;'-lt:|l of the lobsl envirgn-
ment (see Fig.l1b), The comelation time, 1. of the rdical VI rotation in
C, CaA—1 and CA—I somples coloulated from the ESR spectra are cqual o
23 107esp(— L9 - 10°4F T), 36-exp(—46- 1048 T) and 50- 1072
cxp[—3.1 - 108/ Ty s, reapectively.

Thus, the madical mohility is mainly determined by the shope of the cage
which rmdical oocupies in cellulose, and the degree of its treatment which is
likely to decrense the space size and to effect the system conformaticn. The
treatment offect reflects probably the change in conformarion of the macro-
molecule and its monomeric subunits,

T confirm the latker supposition the ESR spectra of pradiated © (o, b)) and
CA-11 {c, d) samples were repistered af the 3 cm (0. @) and 2 mm (b, &)
wave bonds at 290 K (s2e Fig 12}

The comparson of the ESKE spectra enables to make a conclusion thal m ©
s:n'n'pll: thire are al least three parumgnetic centers of differant m:lgnuiic
constanis  (see ]"ig.l,E]: Ry s @ sanglet (gl—ELM,'IEEI}_ R_:' it a doublat
(gy= 200295 and w;=29 mT) and By is a triplet (g,=21.00242 and
a;=2.7 mT}. This observafion is mainly in sccordance with the resulis of
the computer simulation of the 3 cm ESR spectra of the s-radiated C
sample [41). The K| line can be anribuced 1o contaminaton by lignin [41).
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The formation of Ry and B, centers can be explained by the process of de-
hydrogenation of the glucopyrancse eyele in the €, and C, positions, respec-
I'iw:l}-.

In CA—IT after its radintion ot leas teo addidonal paramagnetic centers ag-
pear (s2e Fig. 12k R, is a doublet (g2=2.003503 and ay=1.5 mT) and R} is
a trighet (i =2.00532 and a3=2.2 mT), Singe the O moenomer unit con exist
in different conformaton the formation of these centers in CA=I1 can be
explained by dehydrogenation of a glucopyranose cycle (conformation of
which is different from the initial one) in the C, and C, positions, respec-
livaly,

5. Andsorropic Slow Molecular Ratations Studied by the Method of RF
Saturation Transfer ar the 2 mm Wave Band ESR

As is known, the Tlinear™ ESE method is used o study the molecular pro-
cesses in hiclopienl and other swystems with the correlotion time of
o= 107 =107 5 Howewver the slow transformations with characteristic
time of 7, 1077 s are realized 0 major bological nanive systems. These pro-
cesses can be siudied with the help of the RF saruration transfer ESR (ST
ESR) method |5,48].

Aceording to the 5T ESR approach, the shape of ESR spectrum of the spin-
Labelled system reglstered al satuzation:

VQHETLTz-““}l {6
and at adiabatic fast passage of a resonanece:
AR = pH e, = v 1Y 7y

[yi: Lhe g;-'rl.lrnaf,neﬁn: ralin, Hl i5 the J'rulgm:l:i: romponent of the MW feld
in the sample, T, and T, are the spin-lattiee and spin-spin relaxation 1mes,
respectively, dH deis the rate of the magneric field change, B, and o are
the amplitude and anpls frequency of the ac modulation feld, respectively) is
sensitive both toe their effective relasation tme and slow (I07a87,2 1077 5)
malecular motions. lo-plase and 272 out-of-phase components of the dsper-
sion and absorption signals are more sensitive o such coinckdent relaxartion
and dynamic processes [3,24].

As o orule, the motion in biological systems is an anisotropic one. For
eximple, a radical can easily rotate only around xe-ads, Conssgquently, condi-
wans of Eq.{ﬁ] anrd Eq.l;'.r] iy Tl he wvaled ol show moleculsr modeons in
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which radicals whose p- and 7-axes are oriented along the cxternal magnetic
Feld participate. In this case the spectral diffusion of RF saturation is real-
ized and the ampliede of the w and z-spectral ecaponents is decreased.
The theorctical analysis shows that at low frequency of registradicn the
determination of the preferable radical rotating axis as well as the sepoasate
registration af the radical relaxaton and motons are impossible because of
overlappang of the 5T ESR. principal components [3].

These limitations are partly «liminated in the case of the registration of 5T
ESR spectra al higher frequency, However, the anisotropy of the g-fictor
and HFI as frequencies up to 30 GHz is comparable [49], s0 the ovedagping
of the 5T ESR. spectral components remains,

Earlier {30,51] we have shown that above mentioned limitations of the 5T
ESR methoed may ke climinated completely by cecording of ESRL spectra at
2 mm wave band, According to theory, the rate of MW saturating transfer at
the spectrum s well % the spectrum ,s.hape's xae.-.mcil:h\.'iq:..I byl anisntmpic
malecular moton should increase.

The ESR and 5T ESR spectra of the radieal IX and X solutions in terthu-
tyibenzene (107" M) were registered at $0—300 K ond & =20 uT, These
radicals are characterized by highly anlsotropic solaton in the model sys-
tems around the x- and yoxes, respectively. The magnetic constants of radi-
cals [X and X are lsted in .!\.p'p-endix.

Al Ta140 K the motion of the radicals is anisotropic with the correlation
time of r,51077 5 The extrapodation 1o the 160 K pave the value of
=5 1077 5. At T=170 K the shaps of the first harmenic of the in-phase
absorption dees not practically change. Marked changes in the bell-dike ST
E5R spectra are ohserved in the range of 130—170 K.

Thearetical calculations made by Livshits |51] showed that the ratic of the
amplitude of the second harmonbe of 22 out-of-phase o that in-phase corm-
ponents of the absorption signal is sensitive only to the fime of spin-lattice
relaxanion, . The ratie of the amplitode of the components of its 272 out-
of-phase 5T ESR spectra is sensitive to the radical roation.

For sxample, the amplitade ratio of the x- and ycomponents of the 72 out-
Dd’-p]la.we 5T ESR specisa of eadical [X imereases from 04 o 075 at
130—170 K (Fig.13a), which evidences for the increase in s rotation rabe
arouncd the waxis with the comelation time of 24 107% 5, whersas the
value of the spin-lamice relaxation tme T, clanges by 6= 10 tmes,

More considerable changes are registered for radical X (Fig.13b). The same
tempertture increzss leads to the decrease in the correlation time of this
radieal rotation by mose than two ordess of magmitede [2079=1007 &) at the
very slight {1.5—2 times) decrease in the T value.

Thus, the changes in the 5T ESR speetra of rodical X are coused both by
the decrease in the valee of spin-lamee relaxanon tme T and mdical rots-
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tron arcund the r-axis, those of radical X — mainly by intensification of wery
sbow rofafion wround its long axis, IF spin-lattics relaxation is mainly deter-
mined by very fost molecular motions limited in sheir amplitude, the rota-
tional mobility is characterized by slower (r.=107=10"". 5] moton with
relatively large angulor amplitude, The differences in the dynamics of 1IX and
¥ radicals perhaps can be explained by their structurs difference and the pe-
culinrities of inberaction with the environment,

Consequently, the 2 mm 8T ESR regstraton essentially expands the poten-
tial of the method in the investigation of anisoiroplc very slow molecular
mebilicy in vasious biclogical systems,

£ ldentification of the Paramagnetic Centers via the 2 mm Band ESR
Spectra

ESR spectroscopy is widely used for the smdy of metabelic and radiation-
induced reactions 0 bologicel systems, inowhich e parammgnetic centers
are forrmed as 2 transient and fnal pn;du:: |.52|. The anilll'\_n.'.':'z': of nature and
character of these centers gi'w,:s; the '|;u15.5i,'l_1iii::_-' for sludy the reackons and
strucheral, conformeional snd d}lnu_mic p:rupertics of radiepl microenyison-
ment in the binlogical systems.
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The paramagneric centers with unpaired electrons localized an the carbon or
sulfur avoms are as a rule primary radicals in biological systems. In the fiesc
case, the gfactor of the paramagnetic cenler 1 usually close 1o that of the
free electron (g=200232) HFT of the unpaired electron with the other ne-
clei of the nonzero nuclear spin is easily anmalyzsd according to the ESR
spectra in the wide rmange of registrotion frequency |52—54), The locolization
of the unpaired electron on the sulfur otom cawses a substantiol deviation of
the g-factor from the g, and leads to ifs tensor character. Magnetic parame-
ters of such a center are also determined from the ESR spectra in the
usually used 3 om wave band [33].

Perogide radicals [FR) are rather formed s intermediote and fnol products
in biological systems, The unpaived ehectron in such centers localizes mainky
on the O—0 fragment, therefore HEFS is absent, the values of their gfactors
are close to each other [353], and the identification of PR in the 3 cm ESR
spactra is difficult,

As inthe case of reglstraton of nivoxide radicals o the 2 mm wave band of
ESR, all the components of the PR ESR spectra are resobved |56), Simulta-
Te0us n:gj:itmlifm of pamm::g,n&lic centers which are different in their nature
but close in their g-factors is possible at this band, In [37] the possibility of
identification of the crpanic PR via their paramagnetic constunts (see Ap-
pendix} was analyred.
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In the case of PR the main contrbution 1o te pfactor s made by the n=n"
axcited eleclron comfipuration |58], To check the possibility of PR identifica-
tion, the comparizon of the experimental magnetic parametecs of some PR
and those theoretically calculated by Dmitruk [37] was undertaken.

The correiation of experimental and theoretiznl magnetic porameters of
some primary and tertiary PR are represened in Fig.ld. The dg@-shilt of
the gfactor is coused by the n—s" transition, For secondary PR the calcula-
tion gives ancmalowsly bow values of magretic constants [57).

As seen from Figl4, the magoetic parametess of orgame PR are strongly
dependent on the donor-acceptor and conformational properties of their
substituents. 1t gives the possibility of identfication of the primary and ter-
tiary PR formesd in biological systems,

Thus, the ESR spectroscopy of high resolution allows the identification of
the paramagnetic centers of different nature with close g-factars and the use
of stabde (for example, (O H OO0 PR as spin labels in the study of Biol-
opical macromolecules.

7. Conclusion

The presen: mini-review shows that the 2 mm wave band ESR spectra per-
mil to ohtun gqualitatively new information in such fields ps metrology of
fres radicals, spin labels and probes, molecular mobility, electron and spandal
structures of paramagnetic centers, local environment effects, etc. Separate
registration of the ESR spectra of paramagnetle centers of different nanee
riakes possible the analysis of structural and dynamic characteristics of spin-
labeiled biclogical ohjects.

Thus, the ESR spectroscopy of high resolution combined with the method of
spin Jabels and probes gives a unique possibility of analyzring the structure
and dyiabe ransibons i wincus kologicnl systems, The above results
show the high resclution ESR spectroscopy to be an effickent method for the
solution of a wide range of problem in chemical and Biological physics.

The further development of the method seems o le in 13 combination with
pulsed methods and Fourer data processing.
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Appendix
1. Mgt cinstants of nitseayd eadicals i fozen Biclegieal and maded spaiems {17],
Meareix " K .0 B B AGmT)
Radiead 1
Toluwene - LO0GEE 200577 DOOLTS  ROOSES XAl
n-Butan: - e L]
LO09ES 200802 240047 ZKISNE 20
Ethanal - 200910 o057} LOO0LI0 200364 B3R
Fihanal+wacse ke ) LU0e0Z  ZO0543  LIWZIZ ZONSSZ An0
Ethanal+warer 050 R0ER 200602 20021 200569 168
Ethanal+water a6 TIOSEI  0040E 200001 ZO0564 370
Sletbanl - LogEst 200550 LO0iTE 20051 AT
Water+gliverod a5 LMERE 200571 L00lST 20054 RTT
HE=A 04 ZO0EY3 200545 200188 200547 360
HEA 056 L00E4z 200570 00070 2O05XT 0 R3S
Lysrxgme 0nd Loeda Zo0adE LI0E1T O 2O00R03 350
Lysozyma 021%  LOREE 200617 LodEz0 200587 381
Lysizymu Qa0 LMRIZ 200614 L00T14 200530 349
Lysozsme A0 LRI 200603 LODZIL O 200474 3T
Lysurymu 056 Lioedz 200624 00Tl 20057 3ES
aschymaleypain L I 12 ZON5NE LOOZI IAMESTS ZEE
a-hymairypsin Q65 RMES 200613 200ZI0 200564 34T
asthymaleyjiin {155 LO0EIE ZON5HI  L0OZ0D 24003540 373
Hadcalfl
Haa LURE A ]
IO0EEF IOl T0OZIa IANEET) ¥
Haa 056 LMESE 200611 LO0EIF 200563 REd
Randical [IF
HEM OB L00ESS 202D 100214 200583 335
HiA 056 L00E45 200614 ZoOZln 200558 34T
Ralial I'¥
Membranes - 200642 G230 200618 35T
Radical ¥
Membennes - LoCalk 06l TDOZAR ADEET O 350
Badical Wi
Ethanal - Loi0ad
LOORRE  ZO0G%6  TOOR0  LOMES1 339
Redical ¥II
Crlane - T0CR5L 200600 L0015 LOOSM2  3IE
e Erapaec] - LN0RE5
Lo0ERa 20061y ROO2LY LOkAwy 53
Ethanal - 0001 ZAO0GEET ZO0Z1T LOn5eY 347
Methanol - 200EE2 200426 ROO223 0 LOBETY 580
Moz elies willined L] LA 200616 TOO226 LO0E01L 340
the protzin 5 Toodan 00614 ZOO213 0 LS9 i3z
M lles wilh 3 Looesd 200627 L0221 LOGEM0 334
the prozin & ZEE 241 E23L LANEOD3 341
a-chymairypsin in Ao 200615 200213 do0dss 5
achymalrypsin 15 I00R5d IA0R1IT TOOZ20 1AREen 341
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Marix H B By . B ALl
a-chymotnpaEn 100 NNESSO ITOOA2I LOOZI 20001 3 3A
=g MmOy psis I 200mE TO0R21 LMIIZ ZO0ERT A4
m-rhymotrypain iy 2039 TOOGLE L0217 200591 332
=GR HCEriis 00 0BME Z006L4 ZO0ZIT 200590 332
a-rhymornypsin GO D00GdE  TOOR2Y LOBIIL 20NSSE 338
(gl Mt A0 IOIRAT O TO0AOT 0010 RO0SES 34

Radical Wil
Detany = LO0ATT  IOOAIZ LMKTi4 2O0ETE 343
Etkanad - LINWES  ZOORIT LMOEZI 2A0568 352
Mithanal - LOBRET  ZOOALT  LoOR 2O0d&d 3ad
Wier+ghcerol DD LIHE40 TO0AIT  LINEIS  2AB561 s
otz 5595-¥ Qb L4 200597 Lilia 200555 5Ta
Conten “Tash-1 DUk LfliaS 20003 IR0ZEZ 0 24HKSTZ O35S
Ciedinn + Vil B A0 TO05AT L2 20053k% L35
c i LANTEZ ZO05EI 0 LOUIIL 200518 33T
Ca-l oM 200791 ZO0FE4 T0II2 20033 ST
Ca=Il Od LO0TER 20054 LOUZIT 20058 349
Readical TX
Tertburyihenzens: - LINNTE ZOUA2T LUGI0A  ZONAROZ 341
Fadical ¥
Tembuylbeszens - LUMT TS RMOEIT O DASEE 33

Mobe: The messerement SfEors = 1B eompemanl of g oaml A-temsaes arg 7= 007" amd 3+ 1078
=T respectively, & is the relaiive HoO content Jin model gysiemsh hvdmiion degree (@ micel.
Lusy anil the volue of relanwe Bumidsty (@0 othes hinsales).

1 Magnetic cosstanes of cogasde pefoeyradicals in moded systcims [55],

Fadical Marix Fae B . P

[Einln} H, O +H.D IOE2% LUDEnn 200331 ZA0147E
{CEICF.), )OO sell JOARL LO0TEY 200231 2015
CFJCF,LCF.00 self 2050 200TT0 2MIRTT 201470
CH, D0 self 20340

20304 TO0E1E 2002TD 0 201498
(€ Hy e OO0 203L0 I0IHES 240200 241581
(1 H L CHOD =lf 20346 Ro0tEd 200212 201458
BrfC H o CH, 00 self 20328

20228 L00TEY 200136 201436
TR ) 00 self 203

20300 TO0EZS 2OUTSE 201472
[CH, )00 self 20336 IOOEE0 200EET 2AN4Te
CH,[TH, OO0 =il 24347 TO0ESS 200387 L0L415
CH-1CH, O self 20337 LOORB 20XS1 01472
CH-fCH  HOO0 =l 241340

202%5 TR0SXY 200D 101457
O HCHL O sell 20336 LrOSTa JAHERSE O LHLED
CaH,CH.O0 Terbutyrate 20349 TooTer 200171 LnLS1E
CH,CORHCHC M, seif 241313 ZI0ET AET  LIM41R
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Radical Matrix 1 Fr Be Fia
CHCONCH W H, OO self TS ROOTHYI LOGLED  20L480
CH, N HCH,D0 sl 20351

TP ZOOTED LOBES]  ZO04E%
CHCONHCECH, seil O3 ZO0OThG ZO033 L4353
|
(8- 4]

Moee: The measurement emrues of the g, @0d Bq. 7., values are 20107 and 3¢ 1077, respec-
tively. The magnetic constants of alkyl radizals farmed in some systoms ane not listed. Puroas-
ricals wirg producad mainly by phatelysis af respectne Bydropenoeyd o TTE,
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