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ELECTRON PARAMAGNETIC RESONANCE OF X—IRRADIATED TYROSINE,
THYRONINE AND THEIR I0DINE-DERIVATIVES*

P. R. Crippa®®, Eugene Loh®*** ¢ Sadeo Isoteni****

ABSTRACT

The electron persmagnetic resonence of X-irrsdisted (~ 10 krad.) tyrosine, thyronine and their
iodine-darivetivas in qmmm peiiets in wacuum-sesiad quartz tubes have been messured
betwesn 100 K and 300 K st ™~ 9 G Hz. The EPR spectra of tyrosine, 35 diiado thyronine snd thyronine, in
the order of decreming line-width, ere spectrally similar ancd hence indicate thet the slectron spin demsity,
g = 2.004 or 2.005, is trapped meinly in the ring from which the hydroxyl proton is lost. The sampies having
iodimonth-mringluhlOHmﬂmanﬂmlwnm«minmmnmwdumﬂn
prasence of smell spin density on the iodine's

The Gr wive, i.e. the number of paramegnetic centers produced by 100 ev ss deduced from the
emperature dependence of the magnetic absorption, of the irradisted iodine-derivetives incressss with the
number of iodines on the molscule. The G, wiues of tyrosine snd thyronine, however, can not be estimeted
from the megnetic absorptions, since their sbsorption incressss with the tempersture indicating the
sntiferromagnetic exchange between spin demsities on the neighboring molerules.

I. INTRODUCTION

The effects of X and ¥y radiation on tyrosine, thyronine and their iodine-derivatives have
besn messured by Van de Vorst et al’ with electron peramagnetic resonance, EPR, on powder
simples at room temperature. They also reported’ the yeid of free radicals, i.e. G, = number of
free radicals produced by sbsorbing 100 ev, based on the room temperature EPR spectrs in the
region, where this signal is lineesrly proportional to the radiation dose.

in order to resoive the EPR spectra and hence 10 revesl the origin of the free redicals
produced by the y-irradistion, Gordy et sl used crystal of L-tyrosineHC) and found thet ths
free radical wss formed by loss of a proton, H, from the hydroxyl group attached to the ring.

We heve recently repested the work of Van de Vorst et oi', except with following two
modifications:

(1) Low radiation dose, i.e ~ 10krad, instesd of Mrad.! or mors.

By appilying low coss of radistion we may axpect t0 rerduce the number of types of free
radicals produced snd hence to facilitate the qualitative interpretation of th.. EPR spectra of
iodine-dertvatives even in the powdsr semples, since single crystels of iodine derivetives sre not
onsily svaliable.

(2) EPR messurements from 300"k to 100°k,

By running EPR spectra to lower temperstures we obtein the tempersture-dependence of
the perasmagnetic hree radicels. The tampersture-dependence of the doubly-integrated EPR
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also provide a more relisble determinstion’ of the yields of free radicals through the
Curie-Weiss formula.

1. EXPERIMENTAL AND DISCUSSION

The EPR of X-imadiated, ~ 10 krad., tyrosine, thyronine and their iodine-derivetives
wers measursd between 100°k and 300°k st about 9.3 G Hz. The samples were in the form ~
compressed powder peliets vacuum-sesled in the EPR quartz tubes. We shall first discuss the
EPR spectm in A and discuss their temperature dependence in B.

A. EPR spectra

The room-temperature EPR are summarized in Fig. 1, which shows many regularities
among various samples and are more consistent than that obtained with higher radistion dose’ .
The curves in Fig. 1 exhibit following two general features:

1. All spectra show the same free radical which is produced by the loss of the hydroxyi
proton?, with g, = 2.006. The linewidths, however, are different among verious
samples.

2. All the spectra whose sample have iodines on the ring having OH group show a
rather farger ansotropy in g, which must arise from some small vin density’ on
the iodine.

2’. Those which have two iodines on the OH-besrirg ring show a greater anisotropy
than do those with only one iodine on this ring.

Further comparative details between the spectra are:

o) Tyrosine, thyronine and 35 - diiodo-thyronine have similar spectre of g = 2.006
with their linewidths AH = 12.2, 9.9 and 11.8 Oe., respectively. The resonance of
the istter two compounds are sharper than that of tyrosine because the electron
spin density is further removed trom CH, group which in tyrosine gives to some
unresolved proton coupling’ .>. Evidently the electron spin demnsity is trapped
mainly in the ring from which the hydroxyl proton is lost,

B) 3-iodo-L-tyrosine and 3,3°, B-tritodo-thyronine both have one iodine on the
OH-bearing ring and both have similer EPR spectra in Fig. 1. However, the EPR
spectrum of the former at g = 2.006 is stronger snd broader, AH = 22.9 Os, then
that of the latter, AH ~ 13 6 Ov.. We speculste that the brosdening of resonance at
94 © 2.005 in the 3-iodo-L-tyrosine is due to the fiuctustion of interactions
between spirs on the neighboring molecules, since the tsmperature dependence of
the magnetic susceptibility of this compound, in Fig. 2, suggests the intsractions
beiny intermediata between antiferromagnetic and persmagnetic,

7) 3 5-dilodo-L-tyrosine and thyroxins both have two iodines on the OH-besring ring
ond show similar spectra. The former, however, show more prominetand symmetric
structure sruund g, ~ 2.04 presemitly due to equivelent jodine stoms #1386
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positions of the tyrosine ring, while the iodines at 3°.5' pnsitions in thyroxine sre
not equivelent with respect to the inner ring of the thyronine®

B. Tompevature depondance of magnetic susceptibility snd the yied of
peramagnetic free radicals, G,.

The tamperature dependence of EPR signels are plotted as 1/A versus temperature T in
Fig. 2, where A is the doubly intagrated ares of the EPR spectra and hence is proportionsl to
the peramagnetic susceptidility X of the free radicsl spins in the sample. The dats in Fig. 2,
which covers from 100°k to 300°k, show that the interactions between spins ranges from!1}
antiferromagnetic in tyrosine and thyronine, throroh'?) the intermediate case
in 3-iodo-tyrosine and fineity t0'3) peramagnetic in 3.E-diiodo-thyronine and the rest of
jodine-derivatives, Correspondingly, the Weiss constants in the Curie-Weiss Law {1! cannot be
determined from the deta of tyrosine and thyronine, ‘2) may be estimated from the high
temperature, i.e. nesr 300°k, data of 3-iodo-tyrotine snd!3) are obtained from the data through
the entire temgpersture range, 100°k to 300°k, of 3,5-diiodo-thironine etc ., respectively. The
Weiss constants determined in this manner, the G, {(correct) velues evalusted® with the
corresponding Weiss constants and the G, values of Van de Vorst et al' ignoring the Weiss
constants are .ummarized in Table 1 along with the structural data of EPR spectrs in Fig. 1.

As expected, the G, {(correct) velues increase with the number of iodines in the molecule,
since the iodine being heavy atom nes large photosiectric crossection to sbsorb the X-ray.

There are two possible ressons, both are due to the heaviness of the iodine, to explsin the
observation that the tsmperature dependence of tyrosine and thyronine is sntiferromagnetic on
one hand while thet of their iodine-derivatives is peramagnetic. Firstly, the large static
dismagnetic susceptibility of iodine may suprass the antiferromagnetic interactions between
neighboring paramagnetic free radicals. Seconc'y, the number of free radicals in an average
cluster produced by X-irradistionis peaumably. much fewer in indine-derivatives due to the largs
photosiecietric crossection of iodine, Antiferromagnetic interactions being cooperstive
phenomens are insffactive in a smell cluster.
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On o micurd, I rémonence parsmegnétiqus dlictronigue (EFR) 0e tyrosine, thyroning ot ses derivis
iodde, irradids avex rayone-x [~ 10 krad} soup le forme de pstotss comprimées, placss & I'intirieur &'un twbe
de guertz svenus, & tompératures entre 100 K ot 200 K ot~ § GHz. Les specires de tyrosne, 3.5 (l-iode
hyrosing ot thyvonine, en ordre décroissents de I lerguewr de ligne, sont gpectralement simiieires, donc, ity
indiquent que ls densité dv spin dlectronique g @'orcre de 2,004 ou 2,008 e conoentrés principalent dens
Fannseu duguet e proton hidro.y! st scartd. Les échentiiions contenant I'lods dens 9 Mime snndeu, CONWNE
e groupe OM, montrent une snisotropie relethvement grande, ¢ ™ 2,04, qui st probsblement causie & lo
préser.ae de Bene demite du mpin o ode.

Ls volowr @ G,. is, o nombrs C'n contrws peramegnédtiques prochie por 100 oV, dbdvit & e
dependence, svec la tompirature, d’'sbeorption megnitique Gt derivis ogds irradide, sugments sves e






TABLE Y

Summary of Paramagnatic free Rudliesls Produsd in Tyresine,
Tyronine snd their lodine-derivetives by 10 krad.

X-lerpiation
smples Structures in EPR Temperature-dependence of parsmagnetic
tprowed poveder IPOCTra &1 rOOM teMparsture resonance_sbeorption menn
poiets In vecuum 100°K and 300°K
ssaled quertz G,
wbes) %A Hp low} % sc %0 Welss Constant 0 Gy lcorrect) (Van
oK Vorst')
tyvosine 2.004 12 Antiferromagnetic 4 0.4
3indo-rosine 2008 23 2.04 - 78* 0.12* 0.08
3. S-diiodo-tyrosine 2.006 10.4 203 204 2.08 - 70 018 0.08
Tyroning 2.008 %9 Antiferromagnetic (4 0.1
3 5-dliodo thyronine 2006 1.8 +28 0.22 0.18
1Y, 5 wilodo-thwronine 2.008 138 203 - 54 0.38 0.19
tyvoxine 2.008 1.2 203 204 - 24 0.73 0.43

-w-mmwwnmmm-wmwmmm°x
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nombre des iodes dens la molecule. Les valeurs de G, de ls tyrosine et de ls thysonine ne psuvent pas dtre
dvaluds des sbeorptions magnétiques, dés que son absorption augmente svec Is température, ce qu'indique
une échengs antiferromegnétique entre les densitis du pin dans les Molécules voisines.

Foi medide a ressdnencia peramagnitica sletrdnica (EPR) de tirotina, tironine ¢ seus derivedos iodedos,
irradiados com raios-x {cerca de_10 I:mn6 na forma de pelotss comprassas, colocatdos em tubos de quartzo a
vicuo 8 tempersturas entry 100 K ¢ 300 K s carca de 8 GHz. Os sspectros de tirosina, 3,5 di-iodo tironina ¢
tironina, na ordem decrescents de largura de linha, sio espectreimente similares e, portanto, indicam que »
densidede de spin sletrdnico g da ordem de 2,004 ou 2,005 ¢ concentrads principalmente no anel do qual ©
proton hidroxile foi expelido. As amostras tendo iodo no mesmo anel. como © grupo OH, mostram uma

anisotropia relstivamente grande, g = 2,04, possiveimente devido i presenca de beixa densidade de spin no

O valor de G,, i.e., o nimero de centros peramagnéticos produzidos por ¢V, valor deduzidc da
dependincia com a temperstura de absorcio magnétics, dos derivados iodados irradiados, sumenta com o
ndmero de iodos ne mokdculs. Os valores de G, de tircsine ¢ tironina néo podem, porém, ser caiculado das
sheorcOes magnétices, ums vez que, s sus shorgiv sumenta corn a tempersturs, indicando & trocs
asntiferromegnética netre e densideds de spin nas moldculas vizinhas.
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