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Spectral Studies on Complex of 2,6-Pyridine Diformylhydrazine
2-Hydroxylnaphthene Carboxylic Hydrazone-Cu(ID)-CopC
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(Institute of Molecular Science, Key Laboratory of Chemical Biology and Molecular Engineering
of Education Ministry, Shanxi University, Taiyuan 030006, China)

Abstract: 2,6-Pyridine diformylhydrazine 2-hydroxylnaphthene carboxylic hydrazone (L1) was synthesized by
acylation, esterification and aminolysis reaction. The effect of pH value on isomerization of L1 and the binding
among L1, Cu(ll) and copper trafficking protein, apoCopC, were studied by using UV-Vis absorption, fluorescence
spectra and fluorescence lifetime measurement. The results show that the binding constant is 3.32x10° mol™ - L.
for Cu(ID-L1, 4.01 x10° mol ™' L. for Ll-apoCopC, separately, in pH value of 7.4, 50 mmol L~ Tris-HCI.
Meanwhile, the binding constant between Cu(Il)-L1 and apoCopC is 8.09x10° mol ™ -L. The average distance
between the bound L1 and Trp83 of apoCopC from fluorescence resonance energy transfer was determined and
the binding site of L1 in apoCopC, which locats at N-terminal, was shown by an automated public domain
software package ArgusLab 4.0.1. The formation of a ternary complex, L1-Cu(I)-CopC, is confirmed by the
titration of Cu(ll) to L1-apoCopC in pH value of 7.4 and 50 mmol-L™" Tris-HCL.
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UV-Vis absorption (A) and fluorescence spectra (B) of L1 in solutions with different pH values
Cy; was 10 pmol - L7, A.,=400 nm, 20 C
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Fig.2 Fluorescence decays of L1 in different pH values (A) and solvents (B)
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Table 1 Time resolved fluorescence decay parameters of L1 at different pH values and in different solvents

Condition a ! % 71 /ns al % T2/ ns
pH value 2.0 95.01 0.47+0.02 4.99 7.95+0.17
7.0 78.67 1.07+0.03 21.33 7.53+0.09
9.0 63.57 3.73+0.07 36.43 8.62+0.30
10.0 45.11 2.79+0.06 54.89 7.23+0.09
Solvent H,0 78.67 1.07+0.03 21.33 3.53+0.09
DMSO 55.94 2.48+0.12 44.06 8.70+0.40
CeHpp 47.04 4.44+0.13 52.96 13.79+0.40
L1-CopC* H,0/7.4 25.82 2.73+0.08 74.18 11.53+0.17
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Scheme 2 Isomer forms of L1
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(A) UV-Vis absorption spectra of L1 (a) and complex of Cu(lD-L1 (b), inset: Absorption spectrum of Cu(ID-L1 from 600 nm to 800 nm, Cey, was 1

mmol - L™%; (B) Fluorescence spectra of L1 (a) and complex of Cu(I)-L1 (b), A,=400 nm; (C) UV-Vis absorption difference spectra produced from the

addition of Cu(ll) to L1, inset: Titration curve produced from Fig.3C

B3 L1 AT CulD-L1 958 4h— T W0 OB AN 20 1 & Cullf 52 L1 #5840 22 63
Fig.3 UV-Vis and fluorescence spectra of L1 and complex of Cu(ll)-L.1 and UV-Vis difference spectra produced from
the addition of Cu(ll) to L1 in pH value of 7.4, 50 mmol- L™ Tris-HCI, 20 °C; Cy; was 10 pmol -1
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A was 280 nm and excite slit width was 5 nm. Concentration of L1 or Cu(ll)-L1, from a to i, was 0, 0.26, 0.52, 0.77, 1.01, 1.25, 1.48,
1.71, 1.93 pmol - L, respectively; (A) Emission slit width was 10 nm, Inset: Plot of AF(F,—F) at 320 nm against C;)/Cey; (B) Emission
slit width was 5 nm, Inset: Plot of AF(Fy—F) at 320 nm against Cy/Coy
Bl 4 L1A) X Cul)-L1(B)53 51 & apoCopC 195661
Fig.4 Fluorescence spectra produced from the addition of L1 (A) and Cu(I)-L1(B) to apoCopC (1.0 pmol-L™)
in pH=7.4, 50 mmol- L™ Tris-HCI, 20 °C
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Table 2 Thermodynamic parameter and apparent binding constants of L1-apoCopC or L1-Cu(ID-CopC

T/K K / (mol-L) AG / (kJ-mol™) AH / (k] *mol™) AS / (kJ-mol™-K™)
L1-apoCopC 289 531x10° -31.64
293 455x10° -31.70 -22.13 32.82
208 401x10° -31.93
L1-Cu(lD-apoCopC 289 9.37x10° -33.00
293 8.97x10° -33.36 -11.83 73.36
208 8.09x10° -33.67

K apoCopC HY 2GR

¥ /8 Vant-Hoff 772 .

AG=-RTInK=AH-TAS 3)
H AG 11 5 apoCopC W 1 % A1 i H i fE
AS RN AH RKGAE K AG X TYERE B H
LR FBIE AT 15 L1 5 apoCopC SN HY AH F
AS(W.3% 2), M1 T AH<0 H AH {68/, AS>0, 1] LIAS
L1 5 apoCopC Z [H] A1 5 22 2 i /K Fl E AR
FH
2.2.2  Cul)-L1 5 apoCopC M 45 &

6 AH A 55 56 25 4 Cu(ID-L1 %% % apoCopC
JIT A 1 DT N 4B FiraR, AT UL B Cu(ll)-
L1 893 A apoCopC 7E 320 nm &b 1Y 75¢ 't 15 B 72 7 Ik
/Ny B 320 nm 2 TOETEEKR AFF-F)X Cogmud Con
VEREI I 4B 4@ &, BIFE Comu/ Cope<1.0 T8 1E  AF B
% Comr/ Cope MIHEINTTZEAERI NN ;24 Couinar/ Cone>1.0
B, AF BEE Coni/Cone MIHEINTTE INAS 22 FWAAE
pH=7.4 50 mmol -L™" Tris-HCI 2% #f 55~ Cu(l)-L1
WAl 5 apoCopC G5B IE M 1:1 MWE &Y, Bl —=Joht
G, AW EIE LS apoCopC TE 320 nm Ak A9 2¢
VR 2 48% , 4% 1R L1 T AE apoCopC 2RI J7 12
A (2) WAL 3 3 NN RN E T Cu(l)-L1 7Y %€ 5t ¥
KEAE 115 Cu(l)-L1 7E apoCopC H' Y45 A 17 5 2L
nWH 1.0, FEEGHEE—IPTR2M, hiFk2
s ml b A 25T Cu()-L1 5 apoCopC 4 & 1E
J Y TE A5 0 2 AR 45 W B2 2 Ll-apoCopC & &
FAFEE G W 215, RERII S8 AH<0 H
AS>0, 45 & 98 3l A7 32 B g K M SR B AR
(L1-Cu(Il)-apoCopC) #& L1-apoCopC 9 1/2, 1 AS(L1-
Cu(ID-apoCopC) /& L1-apoCopC 1Y 2 5% , &KW L1 Al
Cu(D)-L1 43515 apoCopC %5 G i HAE I 1A — & 1)
K5t

TEAFRZAET apoCopC 5 CullD4h & 1Y 55 1
2 1(1.80+0.58)x10" mol™ - L, Cull) Ay 45 4 fifi 2 1

JRZEE K 2y 679%™, 1 L1 5 Cu(l)Zs & W 4 1F
454 W B R (3.3240.11)x10° mol ™+ L, Cu(D)-L1 JL-F-
ARG, VER CuATELAE  apoCopC FI 5 L1 A AL
T4 Cu(ll), B apoCopC 5 Cu()-L1 H# Cu(DZS &
JEHBLEES L1 A L1 78 510 nm Kb ZEK 5 Hh
B 4B AT W, 0 Cu(D-L1 B L1 A28 LT 3% A 4
b, R W T Cu(DBES apoCopC 456, L5 L1 45

Pas
H o

2.3 L1-CuD-CopC =LE &Y

Kl SA J& pH=7.4 .50 mmol - L™ Tris-HCl & i 5%
R Cull)ith % Ll-apoCopC 7260615 Al UL | 78
320 nm 1 510 nm 245351 B apoCopC F1 L1 A9 %%
JEUE BEE Cu(AY% N, 320 nm Al 510 nm Ak Y75
JeXB K, B Cu(DIF 5 apoCopC 1 L1 45
A o H4 apoCopC 7E 320 nm Ab 4 BE SR DT KX Coqn
1C pocopcin VEFE AL SA FH ] FT WAE Coin/C e <1.0
W, 2K BEE Coun/Copmcers 1IN 25 M
B, 2 Co/Copipern>1.0 B, TEOCEKEEHE Co/
CopocopciL Ry ARk ZE B cu(D s apoCopC-L1 Hh
1) apoCopC &5 G IE I 1:1 BL W, I 8 1 BT i 24
HEHEIE 43% ,/NT IR ZR H Cu()¥ apoCopC. 11
DIV (67%) ;11 7E 510 nm &b 17 BE IR 5856 K
X Coui/Coppmpers TEFEIL R T8 SA S, Al WL Cu
(D5 L1 MZE M L1 PO VK (2 40%), /I
F ook & CuXt L1 M 75635 K (K 3B), £ W
=JCHC AW LA Culll) Ry HhoL 8 1T iU

5B J& pH=7.4.50 mmol - L™ Tris-HCl 2% #f 5%
P Cu(lD)i% % & ¥ BE L1-apoCopC 1Y 58 4h—7T UL
W22 6%, AT W Cu(DA I -5 2% 380 nm BH T 3 B
U 425 nm BT 0 OE 6 5T B WG 5 412 nm b
AN, 5 & 3C XA W apoCopC FIFETE
il Cu()5 L1 254 28 4h -7 WL i 2458 3 B g R
[, WIS L2 10 nm, 380 nm BT £ 05 5%
PR T 425 nm BT IEEESREE 0 i Cu(l)AY 5
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Ao was 280 nm, (A) Ciicp=2.8 pmol - L™, Coq from a to i was 0, 1.05, 2.08, 3.08, 4.05, 5.00, 5.93, 6.83, 7.71 pmol-L", respectively;
Inset: Titration curves at 320 nm and 510 nm; (B) Cii.cp=20 pwmol L7, Coq was 0, 3.7, 7.3, 10.8, 14.3, 17.6, 20.9, 24.1 pwmol - L7,

respectively; Inset: Plot of Ae at 380 nm against Cou/Ciipcoc

K5 Culll)i & L1-CopC(1:1)R95 0 1% (A)FI 58 S — AT DL Wi 22 561%(B)
Fig.5 Fluorescence (A) and UV-Vis difference spectra (B) of Cu(ll) titration to L1-CopC (1:1) in pH =7.4,

50 mmol - L™ Tris-HCI, 20 C
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Fig.6  Overlap between the fluorescence spectrum(a) of
apoCopC and UV-Vis absorption spectrum(b) of
L1 at pH=7.4, 50 mmol- L™ Tris-HClI
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A: Cartoon ribbon model structure of apoCopC (PDB 1M42) showing the distance (yellow dash line) between Trp83 (purple) and L1 (yellow);

B: Formed hydrogen bonds between the amino acids (GIn32, Phe33 and Ser34) in apoCopC and Llwere shown as yellow dash line
K7 115 apoCopC 1EHIY 43 T R4l ]

Fig.7 Molecular docking for the interaction between L1 and apoCopC
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