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FEAREBRAXBEIERN pH A"
K4k FeF WL RLF KAE REH DX

(PEA¥HEAKREMFYER, PEBERERLFTRILEE, 4 230026

-)@E E‘ /ﬁ 7[* KA ’Z\‘

(PER R B R T BT AT, ¥ 201800)

WE ZA8mBENELRRSRKAETAT AE pHEABER T FF A
ABOLEELE, SREVpHENBERMECARN AL ELRAEED .
A pHEM A, EME T REAFLAE pHB M A TR TR INER
BRINLIRAPN. BER CARLEHLRE pH RN A K THERXR 9%
RESNHWAE BEBETEN¥EFERGETETFANEZER LN T —KALK.

XE1H  BEARXR FTEEER XEREIE pHIN

AREARNEERT, (VA BER(Tyr) AER(Trp) AR E R (Phe)3 HETEER
7 UVB(280 ~ 320 nm) P B B R, K B N S EFHEMIRE . FEFEEERILELE Tp M UV %
12,38 30 KT T I Z B -3, B RsR E - s E R g - PIuv BOob#AT T S R6
HENHE. R, ERAXEKFREAKEETFHETH (O, ) MHFE, EEZR/—-IHR
MR EBIMEERR - S E T FEARN R E TR, A REE T IR
E/‘J[IZ, 13, 15, 19] ,ﬁﬁ?&iﬁﬂﬁ'ﬁ?ﬁﬁﬂ@m'm] i

B pH X A HFEERRCHEREm, AT B, M pH EMN FHFEAERLS
BRI R RGE . A TS AR BRSRBOEIEFR T pH EX 5 EFEERH
248 nm HOEEH B R E W, I L REFFEERCEHBURFELI -BERHAZR
TR

1 3KI8

DL-B& &R (Tyr) .D-E &R (Trp) M L-2E I & BR (Phe) 4 Sigma A Al 7= &, R &t — 4k
BEMEH. B8 pH HHSEAMMBIRR (A8 BHRAY . BE 19 pK, EWH, &
AXH 3N pHE T, FHEER (L HA RA)WEEL R4 518 pH 1.4: H,A* ;pH 6.4: HA;

pH 11.4: A" (Trp, Phe)Z¥ A[—H"* >~ (Tyr). FirA WMWK H KA A =E&MEK. AT
THATRIELR B A S AR E LT A S 20 min.

1999-03-10 Yt # , 1999-05-17 I 18 s 7%
*» PEMTEREESRBTE (HHES: PiEE[1998]65)
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oL B REDPERNERBEHEEARTRERR. TREERAE™ KF ¥4
FHOCSE A BB IR , K 248 nm, BX FE 20 ns, Bk #FEE B <50 mJ, {55 B1 HP54510B 300
MHz B A0 R OG0 2, H BN BFE S XA PC-486 M EN TS, HAXEN AL
SCHER[20].

Tyr, Trp # Phe KFIZM AT -

HOOCH;—(’IH—COOH

NH,
OTCHZ—?H—COOH
\N NH,
H
@-CHZ—(\:H—COOH
NH,
R1 FEEERM pK, MAE pH HE W 248 nm BOEIEH BRI H
Kl[11~13. 2] a)
SRR P KBEREH
—COOH —NH; —OH 1.2 (pH) 6.5 (pH) 11.4 (pH)
Tyr 2.2 9.1 10.1 1.7 1.5 1.0
Trp 2.4 9.4 1.6Y 1.4 1.2
Phe 1.8 9.1 1.9» 1.9 1.8
a) REN+0.1
b) 43$I7E Tyr, Tip, Phe Jtrs B34 BL69 B i1 AR Mg 410, 330, 320 nm AL W E 158
2 ZR5iTie

o R 5 T LR N, 1 D I VB HE RO IR B /S 5L 2 W82 B 290 ~ 400 nm I B MG R
F1 L5 F1 400 ~ 600 nm 438 R WCH 5 F N, O S WOR 8 IR 400 ~ 600 nm BB WCHF , &5 &
HBEW3h /12 AT 1,400 ~ 600 nm B9 B WUHF 2 KA H F (en) B R UL (e B9 MR WL 5 720 nm) .
1, B2 ME3 SRR PEMBERBEF, Trp, Tyr 71 Phe B/ H G B BRS RYOLIE .
2pus HAKEBRFHREKEREABR(UE 1~3 PEE), KGR FHRBEG TEBRS TR
ETIT R

em + HA—HA™" (1)
KA F A R R B B IR AE 248 nm WOLIA T &4 TOLR BRIER
nhy
HA— A" + e+ H*  (n = 182) (2)

SN SEHEEBERE T REEEB R AR A B
REBEERKEBTHE, FRETENTRE, SHLBREREHEXR WEFZHE
— W TE A XOEF R AR R 5 O R B AP I R R R, VR T 7 S REBOL R B L A
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B oozl Mmms 85
-
0.0 ;‘ ;
300 400 500 600
WK /nm
B1 10 3mol dm *EEEKBERN B2 10 >mol dm B EEK B RN EO
BB R BES RBOR AR B RO
pH 6.5: 1——80 ns(N, #1 1), 2——0.1 s (N,O 4 FI); pH 6.5:1——80 ns(N, #A1), 2——0.1 ps (N;O L HI);
pH11.4:3——50 ns(N, L F1), 4—0.1 s (N0 4 pH 11.4:3—>50 ns(N, 2 F1), 4—0.1 ps (N0 18
). #E 560 nm kb Y b B A A9 AR 4k, 5——pH 6.5, ). 185600 nm &b WA ] B 254k, 5—pH 6.5,
6—pH 11.4 6—pH 11.4
1.

BOL RS B EBRIBWE 0.1 ps, W B K 650 nm AR UL (Agso) BEROEIRBE (1) KA. B
HEEERA, PHEBERAEE R — WX, BEERTHUE N —HK(E4). B lgdeoT lglL IR

03

iy

0.2 %

2 F . 4

01 2 3 4

A()SO

'0] ] 1 1 1
300 400 500 600 0o ol 5 o
B3 1073 mol-dm EHNEMAKER N, B4 pH6.5 (B4R )M pH 11.4 (#£E 2) KBEW
R0 B B A IR ORI o S BE YE F B 650 nm AL IR W B B 638 E AL

pH1.2: 1—0.1 ys, pH 6.5:2—0.1 s, pH 11.4:
3—0.1 ps. P :600 nm 4k W W BE B B] 40 B AL,
4—pH 11.4, 5—7pH 6.5
£ (lgAeso = nlgly )5 HIRBHIRIER n,pH 6.5 B K 1.5,pH 11.4 B K 1.0. B, PHER P
BEBCE B R AAER SO F OB MEER T N RE T3 RE . Ft, R pH ERZE T B
HEAMLHEESRE. F4h, PHEBRPREARERMEOCERET , Mm FEEFIR(E 4
BE), BRBET,BRTIEFIR. AR EARNEARUAEX—AR, DR EXNTEH
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FEBRMREIBEEEMH.

R N, 1R B 05 F R R K W Y 7E Ot B ) , 400 ~ 600 nm B BRI X3 e, O BR
Al (W 3),X2EA pH 1.2 0, ex5 H PRER MR H :

e + H* — H’ (3)

BRUBEBR RS EEERA R EIR, TEA ML RENE S FEEREHEA)
W R, P E B R R B IDEIRISE BHEFIAR |, SR KT 1.5, I REER P 3
MEFERERALEEHFUNAFIBRAIE. FERHNE, HWE B b 2% 350Er 3 EHS E
BIETRTE B, R L R R (AR E M BB B AR EETHFEEL
ERNVEERRE.

FREH, AP ER ENERETPHEMBERBFEEBEAGRER AR 1. 5RE
LIRS R pH EE BB RBER, CERAEL, FRERELATEL. RE3M
FHEFEEM-NH, M pK, #8576 pH 6.5~ 11.4 X—TEE W , B 24 B & B 19 Y658 45 $(FE pH
HELHE, X S5NABRERNFTERRE FBZEM pK, B7EX — pHEBEAFX.

Cowgill ¥ 7 pHEM FHEEREHMTEY LR FH=HHF M, 5587 X8, A pH
A, BER FENEMER—COOH, —NH; B FH pK, R RABRFFHHE K, BEAR
HAEH—COOH iR TH pK, AbHe K, Wi #E—NH; ,—OH BB F & pH W E (9~ 10) B
FrEmHE/AY . RIVANBERBBENBR FEXEEFEHER/ER T —NH BT
TEH KBTI A, AERLE pH 11 KICE FHIF R B/, White A7 B T W53 £
SNH EEBBEFIIEP . E¥LTRESHS TEFoEFLESE, REHR, pk,
BN, MLATUES, FEEERN S EHRRRE(RAE) hEREME (R TR, AR
FrEmER, BINANIREA N THREASHN S EEERB T A - RENEE: 26 TH
5.

Fesktets A2 Bl g7 5 @ 1174 ) % DNA SEHE B ad R 69 pH 2B, 5 /E o 3 40 138
i S IEM N1 B (R ) EERSNAE, S Ea i AR, f bR % A, R
— WK HBOET A% pH A 15 I RS R BB 4 806 F e 3, Wi 7E &5 pH B A 5806 T H B . DeFelippis
ax \PAPIE T AR pHERBHBRER BRI ALBRA, SRR YUER pH> pK (K
BE)NELENKIBERE. X—4ERIFHER . CEAREHLRCALNERIBER
(EPYS YR pH=pK, B) , B BE B MR bR B A AR X — 4516 . Rl VAWK pH EXT BR &R
GERMEREIBAYH, MY ERNERLEFLEN, HEEERER . AEABN X AH L
SHEER pHATBBENBEES, MERNERNREGHAREA .

IR, RS R RANEA AR pH B LB EF A REE Ry ERERKGE
AR ATMEMAEEETEANNEEE. B, MERAL LB ERE, RAEEE
—BGER. XK, URRBRTENSEEKGETEFHMONESR EWBAAR.

g * X ®W

1 Creed D. The photophysics and photochemistry of the near-UV absorbing amino acids. 1 . Tryptophan and its simple derivatives. Pho-
tochem Photobiol, 1984, 39: 537 ~ 562



E2H KK, FEEEBRLEEIRN pH Y 177

10

11

12

13
14

15
16

20

21
22

23

Creed D. The photophysics and photochemistry of the near-UV absorbing amino acids. Il . Tyrosine and its simple derivatives. Pho-
tochem Photobiol, 1984, 39: 563 ~ 575 ‘

Harmon P A, Teraoka J, Asher S A. UV resonance raman saturation spectroscopy measures protein aromatic amino acid excited state re-
laxation rates. J Am Chem Soc, 1990, 112; 8 789 ~ 8 799

Repeyvev Y A, Khoroshilova E V, Nikogosyan D N. 212.8 nm laser photolysis of aromatic and aliphatic amino acids and related pep-
tides. J Photochem Photobiol, B:Biol, 1992, 12: 259 ~ 274

Bensasson R V, Land E J, Truscott T G. Proteins and components. In: Bensasson R V, Land E J, Truscott T G, eds. Excited States
and Free Radicals in Biology and Medicine. Contributions from Flash Photolysis and Pulse Radiolysis. Oxford: Oxford University Press,
1993. 103 ~ 142

Grossweiner L 1, Usui Y. Flash photolysis and inactivation of aqueous lysozyme. Photochem Photobiol, 1971, 13: 195 ~ 214

Santus R, Grossweiner L 1. Primary products in the flash photolysis of tryptophan. Photochem Photobiol, 1972, 15: 101 ~ 105
Templer H, Thistlethwaite P J. Flash photolysis of aqueous tryptophan, and tryptophyl alanine. Photochem Photobiol, 1976, 23: 79 ~
85

Amouyl E, Bemas A, Grand D. On the photoionization energy threshold of tryptophan in aqueous solutions. Photochem Photabiol,
1979, 29: 1071 ~ 1 077

Bent D V, Hayon E. Excited state chemistry of aromatic amino acids and related peptides. I . Tyrosine. ] Am Chem Soc, 1975, 97:
2 599 ~ 2 606

Bent D V, Hayon E. Excited state chemistry of aromatic amino acids and related peptides. [l . Phenylalanine. J Am Chem Soc, 1975,
97: 2 606~2 612

Bent D V, Hayon E. Excited state chemistry of aromatic amino acids and related peptides. I . Tryptophan. J Am Chem Soc, 1975,
97: 2612~2 619

Bryant F D, Santus R, Grossweiner L I. Laser flash photolysis of aqueous tryptophan. J Phys Chem, 1975, 79: 2 711 ~2 716
Lachish U, Shafferman A, Stein G. Intensity dependence in laser flash photolysis experiments: hydrated electron formation from ferro-
cyanide, tyrosine, and tryptophan. J Chem Phys, 1976, 64: 4 205 ~ 4 211

Baugher J F, Grossweiner L 1. Photolysis mechanism of aqueous tryptophan. J Phys Chem, 1977, 81: 1 349 ~ 1 354

Finnstrom B, Tfibel F, Lindqvist L. One- and two-photon icnization of aqueous tryptophan by the harmonics of the Nd laser. Chem Phys
Lett, 1980, 71: 312 ~ 316

Grossweiner L 1, Brendzel A M, Blum A. Multiple pathways of tryptophan photoionization. Chem Phys, 1981, 57: 147 ~ 155
Mialocq J C, Amouyal E, Bemas A, et al. Picosecond laser photolysis of aqueous indole and tryptophan. J Phys Chem, 1982, 86:
3173~3177

Bazin M, Patterson L K, Santus R. Direct chservation or monophotonic photoionization of tryptophan excited by 300 nm radiation. A
laser photolysis study. J Phys Chem, 1983, 87: 189 ~ 190

Zuo Z H, Yao S D, Luo J, et al. Laser photolysis of cytosine, cytidine and dCMP in aqueous solution. J Photochem Photobiol, B: Bi-
ol, 1992, 15: 215 ~222

Birks J B. The Excited States of Biological Molecules. Elsevier: John Wiley & London, 1976. 254

Song Q H, Yao S D, Wang W F, et al. Monophotonic ionization of guanine components in alkaline aqueous solution by 248 nm laser
light: identification of guanine-derived radical anions. J Photochem Photobiol, A:Chem, 1997, 102: 197 ~ 201

Song Q H, Yao S D, Li N'Y. Mortophotonic ionization of poly[ A, G] and DNA in alkaline aqueous solution by 248 nm laser light : for-
mation of guanyl radical. Radiat Phys Chem, 1997, 50: 435 ~ 439

DeFelippis M R, Murthy C P, Broitman F, et al. Electrochemical properties of tyrosine phenoxy and tryptophan indolyl radicals in pep-
tides and amino acid analogues. J Phys Chem, 1991, 95: 3 416 ~3 419



