\

WA A NSRS B R R N Vol. 2, Na 4
1984 4£11 & JOURNAL OF RADIATION RESEARCH AND RADIATION PROCESSING November 1984

| A L MR R LI

RER ®XA Kimb
(hERF B LB RTFEBIIND
WE ARNART v SUAREBRENREE ZRAA R MR, PR, FEREERE N ™~
W Ga(5rT /100 eV ) R B S B B BE TR o $B7RTE M BRMETE JRBE BT B, FASRR B o RME e — R AE A » 7F
FRZHBER ZHRIESOERAKREIEEBRE, TRE & BERN ISR M KR
MR RS ER Y. RN T XS ERARR MR,
O ARIA MEMEER, BAA RENES ZHEMES BREY.

51 =

TEWFGTVKAS K sl v SR IR mERE R E AL 220, RINBE M AR In " 38 iy 7
Ao SCTF B BE IR SR AR A IR (B 7E 58 5 b 5V PRl PR R JLARHE, b RAE D 5 R M Z SR AE A
MIBFFC, B R % o TR R L R AE FANUB TR 2 e LR RS R b, $55IE%8
SHRKETIH, MAERRNX . NIRRT BERE RS BRI NE, RE
M, AEEERAFIER, FERRN b = BORASYEE R ZRAK T °G, TRMMT
FH 9 it P A B ARSI T B IR R A G SX R B, TR AR NE R R R BB U A
FURBESHRERKEES, BRERNLARASHERBAIHEBANRERERES. 250%¥
SRR, PriRMERSER, WKL RERWT.

PR TE AR R BRI N AR T LR N, PEBERED L EAER L), REH#
—H o, WRAERAZKRER KRN BEERIKE 5 2.2x107°~2x107'M, BEBRKEY
1X107°~1x107'M, M—EERKEHHAEAHERN B R BKER, WA “CHRiEnMe
BELE, BF Tk, A “Coy SI&EMERBINEN 4x 10" rad, BRIBHH RS ERRILE,
M- hRIEREN, LEINEREHE, BAF YS-80 RRKINMRM AT 5K 5 &, WHEH
ZRRRIH. MR LS MI1IMm2],

5 R

Montenarz-Garestier(s) 58 1, BB S W% 2571 = MR A N 663 0 00 B A MU T 20 4
. ROEFRMRGEE - BERVER, o allXAEgns R muUsrT e
=R AR, BRXHAEBREGHAENEINERRSE S HMEAE —BkHn



30 agatidi Glaiolizt ol o : K % 2%

Coeleixiet 60 7= 5 AT A B ok R 2 [ XA
e “U {Tyrl=3xi07' M 1 SFFR Y XA SE R )
B - R BT _FARE S AT, Bl

A [Tyel=0 s B TE D RE QIR R,
| 1. KEORE@ITUEY, 28
AR 7 A L B i PO 9K P
T2 o T EL B SRR I ¥R B T

Gy %1079 (4} Tmolecules/10yev)

it
H o #®
1 1 1 (] (] 1 (] 1 1 1 1 L
0 O ST % 10 12 11 1 18 20 .22 24
“Thy] x107'M XTFEEMESS ER
| TSR Ca SR R SR *5*5
Fig, 1 The plot of yields G, of dimer vs. the concen- L g5k, Fisher F1 Johnst*!
trations of thymine in dil{erent tyrosine fEH T 8SMES TR Mg 0z 5
= A s 7 B 7, 7. H. W f
ICTyrl= 2 x10-¢ M EH E'JJi_F_‘-Eq_rK FAOTHH
1 W= t0x10 M N THREet s &k Z8EM, H35l

— i e, experimental
12k wymicghs  calculated

a [Tyrl=0

J&T:%{ZIEEKJ 5(153\#( fs’ i%&'l
T R R AR v SUR g R
E_REHRNRM R, SHT
TE R IR R A S I, TR
o 27 B3 R R,
Gy= (1-13)(°Gy
+2KAG[Thy]) (1)
ﬁ¢3Q%E%%WWEEﬁ
Y Y B e RAEGIL_BRBTH, kol

o 2 4 & 8 10 12 M 16 18 20 22 24

CThy] x10-*M BREEDE IR GRS 5 g i 0 A B F

2 ZTEEM G SR fik SRR 2L R
Fig, 2 The polot of yieldsG, of dimer vs, the concen-

Gy x 1073 (43F molecuies /100cv )

K
#% # (Thy + Thy 2 ThyThy),
SN’

trations of thymine in different tyrosine ‘G RHIBER_BANEELS KN ¥
BRI

ERBRE RO EBIEAPIAER, FEMAZIEY, RESORRILEERSOWR, T
BEM L EEB AR, B0 SRR SR EB IR et — Bam ™", |
X % B EREREREN AT N, DRk R ROERME, SHHRRRE, A
ARERN MR AR o

R R BRAFLERT, TSR LABR T AR 2% BE PR g R v — SR AT TR R MR 1l TR R B R
B AR AR ZEYLS, MEITCHRERE LM IR .

*Tyr + Thy—»Tyr + *Thy
) £38 ol g R 0 = BRI R S TB IR S B AR P B PG R I, BI7E B EBRTETER, RMRTEDS



Cil IE"J‘TUFJL 58| a2 EER 31

%(DmmChf>&ﬁmk$TT%M mwmmm@ E%i%%@ﬂ:f%ﬁm& )J
lxw‘A4X10”4min FIM R 4 x 107tad B, G {1 AN T o I s e v A 1 0 B/IN I 043
Bw (1 - 1)°CGe {HHR % HBERERBEE, 35(9.0£0.08) X 107*4>F/100 eV, 5x KW
BAIRY mmwum,%ﬂ&&ﬁ%%mmi?ﬁﬁ%?&%m%mﬁ_ﬁﬁkﬁm%ﬂmmw
BRIE R R .

2. BEBRSLAREIE_REMANE

Montenary-Garestier!®) FaZ 1K) BT 5T mm%%%%&m&&ﬁTﬁﬂmﬁ@MMM%W

BARTAELZM, ZRAe ™SR SRR ENEMTEM. XREHRMTERER: F— KR
BEMESEBEELANRELE, BRMEWIERERLS, MEEIEXERR= Tﬂ&
BRI EE,

"Tyr + Thy—>Tyr + ‘Thy
WE,MM%ﬂm“%m, XS5 BT BELFTHERR XM etk B2, BREMRAREE

Bt allmre REeE, TEERITER.
Tyr + ThyThy—»Tyr + lThyThy

I, IF Ve R AT I AR P G (RRZHIN, 4 S TR
AT, I R I B etk o, T W0 T MRS R R TR
TORIF Wl GRS 0 BRI S 5 TS5 R, S 018
KRR % 5 K IR RS AR A B, NSRBI RO, MR
ISR P 4 2 TSRS O MR BT, AT = e =,

3 RTRHERRTHNEHRGHES

HAB AR S B0 WO IR 0 = B P R0 3 VBT RR © 281 BU O R s TRATTAE T 0K
2RI B U L, v 1 R R B B RO AN () BT AR IR, Edk
RREAN TR,

S k N’
2
!Thy Thy —Thy Thy + hv (2)
VN
IThy Tysr
by
EVC—EE
ll‘l\'
%,
SThy °Tyr

(Zik  accepror) 2Tk donon

B 3 BaRreElE TR ASER R R AR
Fig, 3 The schame of energy transfer {rom tyrosine to thyming

3



32 A R e N DR 0 SR AR L Wt

k

3 P
'Thy Thy——->Thy Thy (3)
N’ ‘
TYr—ammmn—!Tyr ‘ (4)
k
ITyr i —->Tyr+hv (5)
K, ,
'Tyr+ ThyThy———Tyr + !Thy Thy (6)
~—r ) N~ ‘
Tyr ! —-P ™

TEREBAELR, FHR(IHMAG =G+ G, Hh G, MG, 5B 1% K REENERIE
FACES flg e oo s 365 5 25 0 72 20 T D T ST 10 T A ol A R 2 I G o R £ ST A THE A - B AR s
VERURIRAAHT B HIERR T, MR REA MRy Thy Thy] =K[Thy ], 514 *G,
1 AG, 458110, |

AGo = G,nTh,k - _l:sk - ( I )
2 3

G, Npy. (Thy]®
AG, = KAG, T2 Tys L2V J -

! o(;1 ‘n’[‘hy K[Thy]2+ k5+k7 (m)
k

P GGy 43 il Jl Rng: 2 PR SR ER AL 4> TR WKL B 2 J5 T 7= E WO B AR U WE L R B AR S TR SR M
KBBEZSITBlo Doy Tl Drye 53 B PR g AR D PN BR R BR T IRIR BB R &5 B ENTIRGEA S
STFREFREZ S5 TEANLE (Z/A URBREENBEREGRD AN EESBEH
Ko B (Z/A)my FO (Z/A)1y EBGE, Nrye/nmey BMIETEMHERRHRIWKE the 7RI
ZR(N):

AGI=KAG‘,CG;3 - EI!‘XJE——k-ETyr] (
! K{Thy]*+ st R

——— 7,

G LR o1, BREABFEN, =

et 897 51 Ga
Gy=(1 —fs){sGdeKAGD( 1 +K.g_j 0.6} . _
X'-——Erkxi;;;—tryrj)[Thy]} Y
K[ThyJ* +—ET(°—7’ (V) o 0af

4. RFRLERREHHLHRIE |
ERIHE IR RSN TEER |
Ko KA5—MRFTfRiBEENE. AT &
T i B 4 R /IS T M L A7 {8 1 .
5 R N R BR O K (AR EE L, T/SO 0 2 r F p m

RO~ IOD U Y g R O B AR O K {EL 7 0.9 . x 107r3d
~1.2 7 [d], Fisher f Johns!'') ¢ 4bE ¢ 4 MapRngE —BI R AARER o B fs AR MO

Lo i — 5% e - GHPAE
SIRMIRRvEDE Z SRAEMA MK =10 % JE pio 4 The splitting fq of thymine dimer as function
BlERNTER AR R IR BIR B R SRR of absorbing dose




A CHME S BN T SRR 33

xmmﬁ,wﬁXA%M%ﬁ,mKﬁlzmmﬂm Wk KAG, (1, TE G, i
0.35 4 5°/100 €V AR FLRIAS WK U 0 A7 7 Rt 5 oA 17 A0 4 1109 s eyt , T 0 B 41
ﬁ%wmmwxwa@,mmﬁﬁrfmumwanwaMU$MKﬁosgnjxmst
K25 0.84,

CHEGTR I RARMRS B £ AREKERERP, RONLH, YERE—EHREIR
PREGTE R E A T30 A T MO BB, fs BEFIR AT, H 4 A TREWER
HRAZREGRMES K S MARNER. NPTEEFRN 4x 107 1ad if, f5J70.43, FE,
B BRERERAFHS, LHARN, (1-£)°GiMET 9x1074T/100eV, X555k 44t
— B, 50V A W B TS B v AS K e o %&&k:%W%m%ﬁzﬁﬁ%m:w
WEASREREBONE,

LEBSK MR ERRE Jg 1 X 107 M R, 3 R B0 K. AG T fo 1412 2 9238 TUAH 10 1578 187k BE W
JRMESER R R BRI B AN (V) KB G,/G =19, (ks+k;)/ke=1.6x10""(M), Hiil
B BB BN, IS BN G A5 I IRvEvE IR BER L R IR M TR (V). PACD) AP (2) i
mﬁﬁﬁmﬁiﬁ%ﬁ@ﬁ@cmﬁ%mﬂmwﬁo<zﬁy%MioMmmﬂamm?m iy
B, WRAAXFHRHNREHIERSM,

7 %

W%L@%Fﬂm**ﬁ&¢% &@kvﬂﬁ%ﬂaﬁ:%ﬁmmwwm%, e
st

(1. ZEDKARKEMD, BT REmEnE R B ST FOR & MR s, M6 B SO S 1
AT BB RN SRS S IR, ATRTHREIN T SR T 4 2 @&%MM%V: BRI

(» e R VR AR B I, R ABR B IL G R TR ER, SRR B SR A AR
¥, WRRSHEEE N EROR SRR iR 24 10 IR v 5 T B i o = TR R S ML, TG
&zﬁm U B TR i K 75 B B B R 4 1D I W B R S LI

o R E R AR 7 A R R TR S RO I B HLHE e S TR M O TR v R A
mmrwww DV50, A5H T = BRARI 7= 300 s S T I IR s W 9k BE 22 T IR M AN F 26 R R
G, [Thy] h
' K[ThyJ s fet (a1 )orh )

8

Gy = (1- fs){sG(l + ZKAGO( 1+K

AR SRR bﬂhf’r TR R AIR I, B,

8 x* X &

011 Z#EE, Rk, km, BETITSEAT TSR, 2 (2), 6 (1984).

[ 21 Zhang Jiashan, Qin Guoliang, Zhang Wenlbng, Radia. Phys, Chem., 17, 207 (1981).

[ 3] T. Montenary-Garestier, in J, B. Birks ed., “Excited Stated of Biological Molecules”, pp. 207-216,
John Wiley Sons, 1976.

[ 4] G.J. Fisher and H. E. Johns, Photochem. Photobiol., 11 429 (1970).

053 3kmb, RER, K&, RHEHRASHEI LTZ5R, 11D, 35 (1983).

L 671 R. F. Bockman and. D. R, Kearms, J, Chem, Phys., 44 945 (196G).

[ 71 C, Héléne, in A, Castellani and I. E, Quercia eds,, Synchrotfon Radiation Applied to Biophysical and



2 e GERC

Biochemical Research. p. 219 Dlenum Press, New York and London, (1978).

{ 81 T. Montcnary-Garcst er, M, Charlicr and Hclene, in S. Y, Wang cd. “Photocheémistry and Photobio-
logy of Nucleic Acids”. pp. 382~418, Academie Press, New York, 1976.

£ 91 T. N. Solie and J. A. Schallman, J. Mol. Biol., 33, 61 (1968).

£10] POP TSO, I. Melvin and Olson, J. Am Chem. Soc., 85, 1289 (1963).

{111 G. J. Fisher, and H. E. Johns, in S. Y. Wang, ed, “Photochemistry and Photobiology of Nucleic
Acids.” Vol I, pp. 226~259, Academic Press, New Yorks, 1976.

(1984 %E ¢ A 12 BWED

THE SENSITIZATION MECHANISM OF DIMERIZATION
OF THYMINE BY TYROSINE

Qin Guoliang Zhang Wenlong Zhang Jiashan
(Institute of Nuclear Research, Academia Sinica, P, O. Box 8204, Shanghai, China)

ABSTRACT The mechanism of tyrosine sensitizing the dimerization of thymmc
has been studied in this paper.

Deoxidized aqueous solutions of thymine (2.2 x107%*~2 x107*M) containing tyro-
sine (1 x107¢*~1x10"*M)were irradiated at. dry ice temperature using Co-60 y-rays at
4 X 107rads of absorbed dose, then a series of yields G4 of the dimer were determined. In
the range of studied tyrosine concentrations, it was found that the values G4 varied with
the concentrations of thymine and tyrosine and the values (1 -fg)°Gy all equal that
obtained from the solution labsenting tyrosine, however, the values (1 - £5)2K,G vary
with the concentrations of thymine and tyrosine. Therefore it is evident that the mecha-
nism of tyrosine sensitizing the dimerization of thymine is based on the energy transfer
from excited state of tyrosine to aggregating state of thymine. The reaction dynamic pro-
cess has been presented and the relationship between the dimer yield and the concentra—
tions of thymine and tyrosine has been given as follows:

Gi= (1 —fs){zGd+2K‘\Go< 1+K & [Thy 1_,,, [Tyr] )[Thyj }
! K[Thy] + =
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The values of G,/G, and (k, +k,)/k, have been given in this paper. The following
conclusions can be drawn out:

1. owing to thymine with tyrosine being formed into mixed stacked aggregating
state in frozen aqueous solution, the excited state energy of tyrosine can effectively
transfer to aggregating state of thymine, then the yield of the dimer is incresed.

2. In the case of higher concentrations of thymine the sensitization of tyrosine to
dimerization behaves via the mechanism of energy of excited single state of tyrosine
transferring to aggregating state of thymine rather than the mechanism of the excited
triplet state,

3. The increasing vield of the dimer varies with the concentrations of thymine
and tyrosine.

KEY WORDS Sensitization of tyrosine; Aggregated state; Single excited state; Tri-
plet excited state; Energy transfer,



