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Design and Syntheses of Peptide Zinc Complexes and
their Catalytic Function on Phosphoesters
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Three different peptides | were designed, among them two peptides are N,N'-
dihistidylethylenediamine L1 and im-bzl-N,N"-dihistidyldiethylenetriamine L2: another
is L—His-L—His-L—His-L—Tyr-L-His-L—H‘is-L-His L3. Ligands L1, L2 and L3 were
synthesized by using solution phase method. L3 was purified by HPLC (reverse-phase
ODS 20x250 mm) and the purity of L1 and L2 were checked by HPLC (ODS reverse-
phase 4.6x250 mm) and finally assigned by IH NMR. The complexation with zinc and
the function of the complexes 1, 2, and 3 about hydrolysis reaction of phosphoesters
such as bis(p-nitrophenyl) phosphate BNPP and p-nitrophenyl phosphate NPP were
investigated using pH titration, 1H NMR and UV-visible method.

From the pH dependence of coordination sites, the pKa values of L2 were
obtained by simulation of pH titration method. The pKa values of L2 are 4.3, 4.9 from
imidazoliums, 6.8 from secondary aliphatic ammonium and 7.4, 8.8 from terminal
primary aliphatic ammoniums. The estimated pKa values of L1 are 4, 6 from
imidazoliums and 8, 9 from terminal primary aliphatic ammoniums and the pKa values of
L3 are 3 from carboxylic acid, 5~7 from imidazoliums, 9 from N-terminal ammonium
and 10 from tyrosine phenolic group. The stability constants Kst and pKa values of
coordinated water molecule were determined by pH titration of equimolar zinc complex
with L2 in aqueous solution. Both Kst and pKa of the coordinated water molecule of

HI1.2Zn(OH?) are 6.15 and 8.26, respectively. Species distribution diagram for equimolar

zinc complex of L2 in aqueous solution showed that the total distribution of HL2Zn +
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H2L2Zn(OH) were a maximum peak around pH 7.

Zinc-titration curves using 1H NMR technique as a function of R = [Zn]/L]
where L is L1, L2 or L3 showed that complexations took place between zinc and L1,
L2 and L3 atpH 7inaratio] :2, 1:1and 1 : 1, respectively. Zn complexes 1, 2 and 3
were synthesized from ligand L1, L2 and L3, respectively. The compositions of Zn
complexes 2 and 3 were obtained by atomic absorption analysis of zinc and 1H NMR
technique. The ratio of zinc and L2 in complexis1:1 and L3 is1:1.

Finally, the catalytic functions of Zn complexes were investigated about the
hydrolysis reaction of phosphoesters such as bis(p-nitrophenyl) phosphate BNPP and p-
nitrophenyl phosphate NPP. The hydrolysis reaction of BNPP and NPP was monitored
by the UV appearance of p-nitrophenolate around 400 nm. The Zn complexes 1 and 3
were inactive. The Zn complex 2 hydrolyzes efficiently BNPP and NPP: their pseudo-
first-order rate constants are 1.1x107> s-1 and 2.1x10-5 s-1 , respectively. The pH

dependence of rate constants of BNPP hydrolyzed by complex 2 showed a bell-shaped
profile around pH 7. The profile of kgbsd for BNPP showed similar 1o that of pH-

dependence of the distribution for the sum of HL2Zn + H2L2Zn(OH). The Kkinetic
parameters activation Gibbs free energy AGY 180 kJmol-1, activation enthalpy AH¥
127 kJmoll and activation entropy AS¥ -165 JK-1mol'l were obtained from the
temperature dependence hydrolysis rate constants. The fact that entropy of activation
showed very high negative value shows the probability for phosphorus of phosphoester
to gain the higher coordination number. The Zn complex 2 may be served as catalyst for
cleavage of phosphodiester backbone of RNA/DNA and as well as of organophosphate
bond of agricultural insecticides to save the environment from the hazard of toxic

pesticides.
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KRB, BERCEETVE L) VBT AT VIIKSES X UF O, KBS
HALSBOMB* B LT, 300 ANTH%Z~RTFF, N, N-dihistidylethylenediamine L1,
im-bzl-N, N'-dihistidyldiethylenetriamine L2, L-His-L-His-L-His-L-Tyr-L-His-L-His-L-His L3
L HEER & DESTERRE B X UTHEEREEIR[(L1),Zn] 1, $8K[L2Zn] 2, $51K[L3Zn] 3D~
R L A 7 )L bis(p-nitrophenyl)phosphate BNPP, p-nitrophenylphosphate NPP D Jll7K 53 fiF ## BE 1=
DWT, pHiE, THNMR, EATHBILA RS b ViEE B CERILF O D b RET
L72bDTH 5.

AmLIL6EDH 2 Y, FEIETIE, MASHOBEE % b DB ¥ Escherichia coli alkaline
phosphatase (AP)D#EMZIEE H/ L OEE, EFVERZHVW IR T TCOWEICO> VTR
NJz. EETIE, 30DRLEHANLHERTF FLIL, L2, L3DFT L HHEEICL 54
BAZDWTRAR:, BE3BETIE, LI, L2 BLUL3MDpKa, TR e OEEERERICOWT
M7z, pHBEDFERD? S, L20pKald, 4 I ¥V — V251343849, ZEIEHET 2
51368, MmN —HKT I H»5id74L88TH o7, LIDpKalk, £ I ¥/ —hb
(34,6, MIHD—HRT I V51389 TH o7z, L3DpKald, AKX VEDIPSII3, (3
TS =N b6id5-7, KO—K7 I 5619, FUud YOOH,HIX10TH S L FHRE
N7z, HL2Zn(OH) DA EE (Kst) B & UBEHKRD pKa i F M Fh6.15, 826THH T L
eSO, 7, distribution diagram % 5 Zn:L = 1:1D 44 F Tid HL2Zn +
H2L2Zn(OH) OiRFIIpH T ECRAE 2B L 2R L2, #$4ETi, ITHNMR 24
W BRI & o C, pHTIC BV AWAADZ L (L=L1, L2, L3) DLEWLH
L7, TOMEpH TOKBRP T, LUIDOWTIEL : 208E D TR T 55, L2LL3
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IZOWTHL 1D TR T B 2 E 2SS LT, ESETI, R LARTTF
FEMGH E DEERDOEGE, BRFBIC L TS & RN FOLLDHREICDOWT IR,

BEETIL, VBT AT NV bis(p-nitrophenyl)phosphate BNPP, p-nitrophenylphosphate
NPPONIKG R BT % WERSEAR DS AR, BUSHIE DWW TIRE L7z, BNPP, NPP
O PR 53 13400 nmf 1L 12 BB p-nitrophenolate ® IL 2 BEF S 5 = & 12 & o TH~</-. 1
senff 1B LU 3IRENTH o 72, TEREEMA 2135219 ICBNPP, NPP# MK L,
TOB—REEZRITENZNILIXI05 51, 21X105 s1TH o7, 44K2i12 X 5BNPPD
Dok 73 8 BE e B O pHARTE P13, pH7A 55 Thell-shape® 70 7 7 4 V&R L7z, Zhid
HL2Zn + HL2Zn(OH) DR E DA OpHRF R L FB L Tz, ThonEE» S, KISiE
AL FAEIZIHL2Zn + HL2Zn(OH) T 5 & #5172,
MR R B B D IRBERAF M2 &, & PE{LGibbsdD B BT 3 V¥ —AGE 180 kimol-!, {&
MLz v ¥ V¥ —ARE 127 kKImol!, #EHEALL Y F O ¥ —ASt -165 T K-1 mol- 1558 & hL7z.
EHALLY PO Y- ICBIT 5 EDOKAE X, MASBORE, V) UBRIAFMICL LT
SR OBMNBMOEROTWEREZRLTWS, 423, BEAZBEAOEZRILD - DDHIE
U YBRIAT VIS HIRPRNADNAD ) VBV L AT VEKOBBEOMEL 20 5 2 &
HEshs,

FER—FZ, ThODORELEHIL, PREEI L GRIRBHERYE) OS24 ST
LUFTHERERETHIDLHE L.
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