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Construction and Imaging of NO Fluorescence Probe
Based on Zinc Complex

CHEN Yiliu, ZONG Hongfeng, DUAN Zhaolong, ZHANG Yipeng,
GAO Yan, LI Chao, LIU Yang, GAO Yun
(College of Chemical Engineering , University of Science and Technology Liaoning , Anshan 114051, China)

Abstract A fluorescent probe CMD-Zn** based on zinc complexes was constructed for NO detection, Ligand
CMD was prepared by naphthalene and furanide and ligonidaldehyde by condensation reaction. The ligand CMD was
combined with zinc ions to form the probe CMD-Zn**. The probe CMD-Zn*" could specifically recognize NO. The
recognition performance of probe CMD-Zn* was examined by fluorescence spectroscopy and UV absorption
spectroscopy, and the structure of CMD was characterized by high-resolution mass spectroscopy (HRMS) and nuclear
magnetic resonance hydrogen spectroscopy ("H NMR). The experimental results showed that in the presence of other
competing ions, the probe CMD-Zn*>" specifically recognized NO, and the detection limit of NO recognition was
8.23x10™ mol/L. The probe CMD-Zn*" has been successfully applied in fluorescence imaging studies in cells and live
mice.

Keywords Fluorescent probe; Zinc complex; NO; Cell imaging; Live mouse imaging
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JAET Ik %, A BRI A AR B P A L AR, A NO 2 S ER AL i RS AL
(N,0,) Bl AT AR £ (ONOO ) By A= B . X S5 A fb ) 253 U DNA | fgJo . 2 s A <5 P4, &
HAnpET=" 0.

T, 1“‘{5" NO MEARF-BZ R ZHE, WFIE T . AR S | Dtk | i IR LRt
R AATEFRAET SR, A et A A AR A R S B AR R, ELRE I R A L ek
FEHREF RGN E - B SR T . RAEE 5 R B A SR A, T LA S BRSSP AR,
Su &5 BRI T — T B RGE TE LR AR [ O EERET Mi-NO, AT US4 Hh ek NO,, FLAT ﬁFJ
F HeLa 20 M FIBE D £ 1 A% . Zhang 552 G B T —FAI NO 8 B3 21 Fh 9 e %R BTBTN, HonT 5
VEPEPEIIINO, K HFR M 2. 888x10° mol/L, 78 SE 14 224N MO ANTE AR PR EE o NO f9 5 AN

AL A T B CMD, 5 Zn 856 T8 50T e S MU0 NO IR EE CMD-Zn™. R 2 et i Fn

EHN-AT DL TE 2 22 T B4 CMD-Zn % NO (RENPERE , R HL N T4 A AR AN BB S

1 SCIGERSY

1.1 RFI5EE

ZEFEORIR L . A8 JE e | 4-1R-1,8-2Z8 REF . 2-5 - 1-Z8 K L PR O TR . BI%FEs . IET
M. =3 OMR . HEREN . BRIRER . KA E, SR . 25 | WRERAR . VKESIR . WRARIR . Wl . oK., —
HZAR (DMSO) . SR . 2R T . A A N-2-32 2 ILWR B -N'-2- Z B 2 (HEPES ) ¥ Ry 4 4,
FE 2 b 2= A BR A B AEBERR AN (PP | BERREA(PI) | BIEZR (Cys) . FHEHAK(GSH) | &Ik
IR (Hey) . 0k SR (DHA) | S ACER RN S AL S8 R ot BT T 2 v

AVANCE 400 MHz BURZHE ARSI (NMR) , Fii - Bruker 2] 5 6530 Q-TOFLC/MC BRIV AH €233 5
TR AL (LC/MS) , Agilent1100 B /& 8808 AH 35 (HPLC) , 22 [ Agilent 23 7] 5 Lambda-900 %4 28 4h-1]
DL 6 G (UV-Vis) LSS5 Bad G40 66+ (FL) , 3£ [H Perkin Elmer 23 7] 3 AniView 100 B /Nsh4)
TR SAL R G (IVIS Spectrum) , | M A YR A BR A F] 5 CarlZeiss LSMO00 RIS IR A2 B 1EE
(LSCM), flEEZEw] A H].
1.2 B CMD &R
121 #2290 (2, 1-b] o v -2- 3K BE R 69 & A 5 1.72 g (10 mmol) 2- 52 JE-1-Z5 U EE | 1. 66 g
(10 mmol) R ZFR TR . 1. 38 g(10 mmol) BRFREH A1 20 mL ZIEHK A 50 mL BE I, In#AE [
JET he R A PAhTE, LS FJOK OB SS f, 155) 1. 16 g PIRMAZEFF[2, 1-6 kiR -2- FH . 4 o
A 50 mL BB, FHIIA 1. 76 ¢(30 mmol ) 7KEG HFFT 20 mL Jo/K LB, 0 E [m195 50 10 hy, A i 8
EUIE . g, DIJOK CBEESS &, BB ARZE[2, 1-6 Ik -2-aBEHF . "H NMR (DMSO-d,,
400 MHz) , &: 10.07(s, 1H), 8.35(d, J=8 Hz, 1H), 8.19(s, 1H), 8.09(d, J=8 Hz, 1H), 7.99(d,
J=8 Hz, 1H), 7.83(d, J=8 Hz, 1H), 7. 71(t, J=8 Hz, 1H), 7.60(m, 1H), 3.36(s, 1H).
122 A CMD B 4 & @EMSCMD 4 IR 2 N Scheme 17 .

g Fag

Scheme 1 Synthetic route of CMD

FZEIE[2, 1-b ]k -2-F P E 0. 226 ¢(1 mmol) . A% JEERE 0. 216 g(1 mmol ) F120 mL vKESFR A
50 mLBENR A, BN 9 b, S A AR, g, T, R ZAE E TR Al (2R 2R/ ik i
T 2:8), 193K @ AR /& CMD. "H NMR (DMSO-d,, 400 MHz), 8: 12.25(s, 1H), 11.74(s, 1H),
8.42(d, J=4 Hz, 2H), 8.36(s, 1H), 8.11(d, J=8 Hz, 1H), 8.04(d, J=8 Hz, 1H), 7.88(d, J=8 Hz,
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1H), 7.73(t, J=8.0 Hz, 1H), 7.62(m, 1H ), 6.74(s, 1H), 3.19(t, J=4 Hz, 4H), 2. 66(m, 4H), 1. 90
(t, J=12 Hz, 4H) ; HRMS(C,H,,N;O, ¥R 1) , m/z: 448. 16355(448. 16370) CMD+Na'J".
1.3 #F$H CMD-Zn* & R

BRET CMD-Zn* 3% I 48 0 7 B B . FRELO. 05 g (1) CMD Bt B, 4408 1: 1 A9 BE/R Fu A
Zn* , [N 5E 4, RIS EIERE CMD-Zn>".
1.4 CMDiF&HIEEH

W, BLS. 0 mL CMD WS T 50 mL S &3, IIA 10. 0 mL N, N-ZH L Itz (DMF) , 75
S PIETE S, I DMF/HEPES {RAA I (RFRLE 3 7) ¥ 8 W B 5] 1X107° mol/L. FIF A7 i3 28 DMF/
HEPES R &V (KA EL 3:7, pH=7. 2, 20 mmol/L) R HEAT, 6 G & I K A =435 nm, K FHEK
A,,,=540 nm.
1.5 ZHRFMHNE

7£ DMF/HEPES IR G (AR 3:7, pH=7. 2, 20 mmol/L) ¥, SR FIARMEBEME 15 (MTT) B34l 148
%F CMD-Zn** % HeLa 41 i i 25122 .
1.6 ZHABRL R

5 T IR CMD-Zn™ 7E HeLa 4}l A X NO (R G AR . # HeLa 21 HL7E & A 10% 4 137 (FBS) |
1% ¥ 55 3 Fl 1% 5545 2= 1Y) DMEM 35 72 h 55 5% 5 SRR TE S 5%CO, T 95% 230 37 CREFRAf h i 5%
20 h; EBREEFRELE , B 5 10 pmol/L CMD () HEPES ¥ (0. 01 mol/L, pH=7.20)5% & 1 h,
FH PBS 22 M RS VR 2 R, PO G TR SR A 0 (U 76 W (i 1B T R . A8, MR 10 wmol/L
Zn*H130 pmol/L NO ZbHH 20 min, 6 ALHTEL ) DMEM B335 36001 T LR AR 1%
1.7 INRAR R P AR R 3R 56

H 100 pL 10 pmol/LCMD Bz F i 55 2/ FRUEHE , S8 J5 A7 1 5 25 wl 5 mmol/L Zn™ ¥, 1
430 nm P& UEE F 1530 nm & SHIEE Rid SR AN AE 30, 60, 90 F1120 s B iz B IEG, LLzs FI/NBUE
Xt RELH . FRARLEIE A T 25 WL 2 mmol/L NO, FHAH R A3 & uE 6 A Ak S Arid sk 1, 2, 30
4 min B R SRS .

2 #HR5iTE

2.1 itk CMD BIRAE

2N Al LIRSS IR UE T B CMD 5 Zn> Z 8] B9 BCAEAE A . CMD B85 R 8 SRS KA T
400 nm, [ Zn* (0~20 pmol/L) I, 400 nm 4k (W% YGRS BT B 1, [N T 435 nm &b AW
WA IR J35 T BT R T 78 W JRI (W S 0, 92 B CMID-Zin® BT J (WA SC S 43435 L BT S1). Sy T 28k
CMD 5 Zn™ B 1) & —4E, £ CMD 3 P B A SR e W LR & 7, W Mg, A, Fe*,
Ca®, Cr*", Co™, Ni*", Cu*, Zn*, Ag', Cd*, Ba®, Hg* f1Pb*. 250, CMD X H B B Tom )y, &
B CMD 5 Zn* fEAERE S RO AR A

7£ DMF/HEPES (KA HE 3:7, pH=7. 2, 20 mmol/L) I ', CMD HAT 558 58, M- S2(WASL
SCRHFE R ATAL, CMD B2 E3R BETE 60 h N JLF- ek s, R8I CMD HAA R Ao tiae . i 1(A)
Jis, B3 Zn* (0~20 wmol/L) AR FE A KRS A, CMD (2865 B 2 ki, HoA K & S i 540 nm
BT R 2 575 nm, 2B CMD X} Zn> 45 % B IF-H95 G . H CMD RS Zn> 11 Job & (WA S H5 5 4
[ S3) AT, CMD 25658 BE i 455 O L 1 Zn™ BE IR 43450k 0.5, Uil CMD 5 Zn> ez 3t ol 1 1.
K FHl Benesi-Hildebrand £ 1/ B Ze HEAUL5 1545 H CMD 5 Zn* Y2858 550k 4. 791x10* L/mol.

KDL UE T RLAK CMD 5 Zn® Z [ i F 45 B AE T, QnAS SCSZR-E B BT S4(A) B, ]
CMD R 43 50 A 1S Fpes I i 4 g PH B 1 Mg*, Al*, Fe**, Ca™, Cr'", Fe'*, Co’, Ni**, Cu™, Zn™,
Ag", Cd*, Ba®, Hg™ FlPb* (20 pmol/L) , {4 Zn> B AL CMD A7 658 B & A i AE , 68 CMD 1l 5
VEPEME S Zn* 5. E—255 48T pH X CMD $E45 Zn® 1520, &1 S5 (LA SCZHRF ) KB, 2 pH K
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Fig. 1 Fluorescence titration spectra of Zn**(0—20 pwmol/L) identified by CMD(10 pmol/L)(A) and
fluorescence response of CMD(10 pmol/L) with concentration of Zn**(0—12 pmol/L)(B)

(A) Inset: fluorescence intensity of CMD with the concentration of Zn**; (B) A, =435 nm, A_ =540 nm.

3.0~12. O}, CMD iyZEREIE R FuE , [AEF CMD X Zn> 3545 BH B i 5B sR i Ny, 268 CMD BEfS £

e pHIL I NS Zn™.
2.2

Rt CMD-Zn*iR 5 NO 828 5h- R T IR S 1 SR AE

) FH 28 A -] 0L W i 3 2 28 T 4R AT CMD-Zn> %) 13 g 0L BH B8 7 A A= W1 /N4y 1 Pi, PPi, H,0,,

NO,, NO;, +OH, 0;", NO, Hey, GSH, Cys, DHA #l
ONOO FRGIPERE . W 2 Bk, ¥4 CMD-Zn* 1£
435 nm A A B s ZEAMROGIE , A NO 5 #R%E CMD-
I WG K R AR RS FSm A T I, i
12 Ff B 5 7 FAE /N o3 7 X R EE CMD-Zn™ (1 48 41
eI I M, R IAGE CMD-Zn® A FEE R
HINO.

23 4§ CMD-Zn*iR 3 NO B 7 A & S i R AE
2.3.1 4 CMD-Zn* xt 7 B A 5 F e 8 7 % v bz
FIH ST E1E 58 T H4EF CMD-Zn> X 13 FH 25 1
MAY/NYF-Pi, PPi, H,0,, NO;, NO;, -OH, O;",
NO, Hey, GSH, Cys, DHA F1 ONOO™ ft - 51| ¥k fiE .
WK 3(A) R, AU NO 5 #4%F CMD-Zn> 895856

0.25
> [ CMD-zZn>+

other anyltes
0.20 |-

0.15

Abs.

0.10

0.05

CMD-Zn**+NO

0 1 1
350 400 450
Amm

500

Fig.2 UV-Vis spectra of probe CMD-Zn** (10 pmol/L)
to different anions and 30 pmol/L small biologi-
cal molecules(Pi, PPi, H,0,, NO,, NO,, OH, O, ,
NO, Hcy, GSH, Cys, DHA and ONOO)

SEAPRK . HE 3(B)ATAL, A E B F IS CMD-Zn 0 9O B Y T B AL [ 3(B) Hh

24.0

—_
*®
(=

12.0

10-° Intensity/a.u.

S
=

850

750

650
Anm

0
450 550

Fig. 3

12 13 14 15

9 10 11

Fluorescence spectra of 10 pmol/L. CMD-Zn*" upon common anions and 30 pwmol/L small biological

molecules(Pi, PPi, H,0,, NO,, NO,, - OH, O, , NO, Hey, GSH, Cys, DHA and ONOO) (A) and
fluorescence color of probe CMD(10 pmol/L) and the addition of 13 anions and 30 pwmol/L small

biological molecules to 10 pmol/L. CMD-Zn**(B)
(B) 1. CMD; 2. blank; 3. NO; 4. NO,; 5. NOy; 6. H)0,; 7. ONOO ; 8. -OH; 9. O) 5 10. Cys; 11. Hey;

12. GSH; 13. Pi; 14. DHA; 15. PPi; 30 pmol/L.
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4~15], HATNA NO JEHREHE R 3R B 2k (0 0B B, RIS CMD-Zn> AT ¢ SR NO.

232 A CMD-Zn™ X A Bl 3% NO By 7t B 558 T HR%F CMD-Zn™ X AN [R] R BE NO 92 S )

WK 4(A) PR, Bl NO W E (0~30 wmol/L) AU AWIE N, CMD-Zn™ 15 50 BB W RIS, It 40
KAEWR . mE4B)AIH, M BLfk CMD BRI Zn> 5 Had G B 3s5E , FImA NO JE IR R 7
SR EENIRIEAEK . RS R, B4 CMD-Zn 1T LA R EOH A NO.

25.0 - 10.0
&) 30 . (B) Y=71848.7297X+25712.1937
200 g 18OF 80 L R*=0.992
& £ 12or _
é‘ 15.0 b Loeoli < 60t
4 0 6 12 18 )
8 czn+/(umol- 1) &
= 100 S 40t
=
50 2.0 |
1 1 1 1 1 0 1 1 1 1 1 1
500 550 600 650 700 750 800 850 0 2 4 6 8§ 10 12 14
A/nm Czn2+/(pmol-L-1)

Fig. 4 Fluorescence spectra of the 10 pwmol/L probe CMD-Zn** towards 0—30 pmol/L. NO(A) and fluorescence
spectra of 20 wmol/L Zn** and 30 pmol/L NO identified by 10 jumol/L probe CMD relay(B)

(A) Tnset: fluorescence intensity of CMD-Zn** varies with NO concentration.
233 EHFHFXAEA CMD-Zn* R 5 NO M st 6y 2 v Nl 5 s, B AR IRER CMD-Zn™ 128 iR
FE .S g CMD-Zn? IR OB NO Z A F e B & - FA 97N oy F-4n Pi, PPi, H,0,, NO,, NO;,
-OH, 0,7, NO, Hey, GSH, Cys, DHA F1ONOO ([&] 5 Fh& et ) i, HEE S 5845 CMD-Zn* 4 b L
SPICECE 5 R CMD-Zn® W A NO W2 BRI 968 0K (B S iR et Smsf
HE T YBEr CMD-Zn> iR P 4R E2INANO J , B Esm B 58 0 K (| 5 W e taft), HA5%Er
CMD-Zn> Bl R 51 NO B2 60 B L —80. iR gs SRR, Hog s 4 e 7 A R4 CMD-Zn™
PUHINO BT

B CMD-Zn**+NO+other anlytes 18.0
= CMD-Zn**+NO Y=118133.1115X+150998.5834
25.0 s CMD-Zn*+other anlytes R2=0.9948
CMD-Z?* 15.0 ’

[\~]
<
[=]

107" Intensity/a.u.
10-3(F—F)

12.0 |
9.0
- f 6.0 |-

LET

NED ST 30
109 876555
Sample No. 1

0 3 6 9 12 15
onof/(pmol-L-1)

Fig. 5 Fluorescence intensity of adding 30 pumol/L Fig. 6 Fluorescence intensity of 10 pumol/L. CMD-Zn*

NO to 10 pmol/L probe CMD-Zn** solution as a function of NO concentration(3—13 pumol/L)
containing competing ions A, =435 nm, A_ =575 nm.

1. Pi; 2. PPi; 3. H,0,; 4. NO;; 5. NO;; 6. -OH; 7. 0575

8. NO; 9. Hey; 10. GSH; 11. Cys; 12. DHA; 13. ONOO'™.
2.3.4  FA CMD-Zo™ R A NO B4 H IR LANO MR EEARTALAR, DL 575 nm 4k CMD-Zn* 1A NO 52t
SR B AR (FoF) YA bRzl TAEMZ (K16). 24 NO R AE 2~13 wmol/LIE N , CMD-Zn™ i 5%
IR 5 NO W HE L2 AR AL (RP=0. 9948). @ i ZE VLA AT IR EH CMD-Zn 3531 NO B A6 H BR
8.23%10” mol/L, FHIHEE CMD-Zn> P15 NO 19 R
235 4 CMD-Zn™ iR 5| NO 8 pH A& 2 P Arvey bz Bt 18] 4n&l 7 (A) fir s, 7€ pH=5. 0~10. 0 B, #5%F
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CMD-Zn* H B AR ERISRIEC RS . 3RET CMD-Zn* VI TP A NO & , Ha&67E %220 pH Y5 Bl A
BPRPEICRES , pH ek 28t FLA i B2 JC I 52, R IR CMD-Zn™ REGS TR 58 1Y pH 3 il N 52 B
XFNO R . anE 7(B) FiR , #4530 wmol/L NO MIAFRES CMD-Zn™ % (10 pmol/L) 1, HAFE 530 nm 4k
2GR EAE 30 s NFERI I, RIIIRER CMD-Zn™ Al P 351 NO.

20.0 21.0

<AW4\§\’ 50 L3 ®
160 | ‘
z 5 150
8 =
£ 1201 —e—CMD-Zn*>'+NO 2 120k
g —o—CMD-Zn?** £
E 80} g 90F
L 6.0
= 40f =
3.0 -
0 1 1 1 1 0 1 1 3
234567 8 910111213 0 20 40 60 80 100 120 140
pH Time/s

Fig.7 Fluorescence intensity of the probe CMD-Zn*" (10 pmol/L) before and after the addition of 30 pmol/L
NO at different pH values in DMF/HEPES (volume ratio 3:7, 20 mmol/L)(A =435 nm, A =575 nm)(A)
and the response time of probe CMD-Zn**(10 pmol/L) solution to 30 pmol/L NO(B)

2.4 5 CMD-Zn*iR 5 NO BIHL I8

FIFH & o FE 0 B R R 58 T CMD-Zn® X NO U AL EE . 7 [ S6 (WL A SC I #5158
m/z 448. 16355 4b (1) 25 W AT U1 [ CMD+Na® | 901 . 8 Zn* IAFRET CMD 3, m/z 506. 11384
Ak B AT ) SR [ CMD-H'+Zn+H,0 |* (4 435t (WL SCSZRE(E BB S7). X IRk 7 CMD 5 Zn™ 1)
L 1EEAE AR, E—22K NO InA CMD-Zn* ¥E )5 , S8 (WA S35 8. ) i m/z 455. 17859 Ab Al 1%
A A CMD+NO-H+H* ['f43Fit . FETFUt, #E0M CMD X Zn? F1NO AT G841 Scheme 2 FT7i .

Aex: 435 nm Aex: 435 nm Aex: 435 nm
N N
HO %j
/CH HzO Zl‘l% /CH
Ox NH
i
Aem: 540 nm Aem: 540 nm

Scheme 2 Response mechanism of NO recognition by the probe CMD-Zn**

2.5 4§ CMD-Zn* K NO BIZRAE R 1% 100 F
BEJH 10 pmol/L MR £ CMD-Zn™ # W HE 17 ~ sl

AR SR . B e, R MTT A T 5 N

CMD-Zn* (4R 754 . ¢ P 8 71T UL, HeLa 48 /3 i

EE RV (30 jumol/L) 94 CMD-Zn™ i Ml

R 24 b, JLAPIE RYEFELE 80% DL 1, & 2

WP ST CMD-Zn™ ELATRE IO ALV o L o0 35 30
TEMLIERE [, 58 T H4 CMD-Zn>7E HelLa Concentration/(umol-L-")

AP A BRYERE . I 9(A)~(ADBIMAIE  Fig. 8 Viability of HeLa cells incubated with 30 pmol/L

F AT R 3] 4 B’J%%ﬁ/ &5 K9(B,)~(By) CMD-Zn* for 24 h

Chem. J. Chinese Universities, 2025, 46(2), 20240370 20240370(6/9)



J 5% s Hws g R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

TS GEE R BCA Y CMD 5 Zn® 45 A 1) 9 S v 45 0 (A, =540 nm) 5 & 9(C,)~(C,y) & HEI%
(A, =540 nm). A WL, il &40 CMD 2 Fp S B4 55 A 5 (2, 24 Zn> gk A )T, AT DAL 355 51
FI 022G, GRS IMANO JE4I IR 2 8 e K . b gE R, #REF CMD-Zn® HLAT K HE:Fn

IS A 240 M i o 1

(Ay)

Fig. 9 Confocal fluorescence images of 20 jumol/L Zn** and 30 pmol/L NO identified by 10 pumol/L. CMD
(A,)—(C,) CMD; (A,)—(C,) CMD-Zn*"; (A,)—(C,) CMD-Zn**-NO; (A,)—(A,) bright field; (B,)—(B,) blue
channel; (Cl)—(C3) merge.

2.6 #R$t CMD-Zn*iR 5 NO BYFE L 1§
TE £ 8 Ji i 19 C57 /N B % 58 T IR BT CMD-Zn™ (9 28 6 AR e J1 . an 18 10 (A) fir 7R, % CMD
(10 wmol/L, 100 wL) B FIESEV/NRANE , 525 FIRFELIE 10(A,) JAIEE, 5T CMD J5 9/ BUZe 7 A2

2.170x10" 10.0 ®)

2.010x104 I Ea
1.850x10" ] 8.0 e il ([
1.690x10"

1.530x104 g oor

1.370x10"
4.0

g 1.210x10"
3 1.050x10" sol ﬂ
: . ] : . . 8.903x10%
7303x101 I o Lee ﬂ ) . .
5.704x101° 0 A A A5 A, As Aé A, As Ay Ay

Fig. 10 Fluorescence imaging of exogenous recognition of NO by probe CMD-Zn*" in mice(A) and the average
fluorescence intensity of Zn** and NO detected by CMD in mice(A =435 nm, A, =575nm)(B)
(A,) Blank control group; (A,) CMD(10 pmol/L, 100 pL) was subcutaneously injected into the left abdomen of the mice;

10~ Intensity/a.u

the fluorescence images recorded by subcutaneous injection of Zn**(5 mmol/L, 25 L) into the same interest area of mice at
30s(A,), 60s(A,), 90 s(Ay), and 120 s(A,) ; the fluorescence images of continued injection of NO (2 mmol/L, 25 pL)

in situ were recorded at 1 min(A7) ,2 min(AS) , 3 min(Ag) and 4 min(A]O).
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BESUIAT T, PG Zn®* (5 mmol/L, 25 pL) AL BN AR, B 10(A) ~(A) T, /INERZERE 1
DECIRE AW R, 120 s JFEEAAR AL . SR, AL NO(2 mmol/L, 25 wL), QK1 10(A,)~(A,,)
Fim , /INERZE R (R 98 65 B SO, 4 min J5 28 ERE 55 . B 10(B) X1 B 10(A) Hh/s L 5
SIS RREE . /N BRI R N DO AR S B 45 R W], H-%F CMD-Zn™ A LASEBLAE M)A I X NO [iR
SRS, I T ELA R A 4 A 0 A o FH iy

3 &

FIFH A ZE I (2, 1-6 |0k M -2- B 0 k5 A 6% JE 28 I 2 4 45 2 g ol 2% Tt 7 CMID, 38 1k HRMS Al
'H NMR X HA5 T T RAE, B CMD BB S e Bk b 25 & Zn> A2 PR ST CMD-Zn™. ¥E DMF/HEPES
(R 3:7, pH=T7. 2, 20 mmol/L) Z& M i b , #4T CMD-Zn™ 1] m e £V YU NO. il A NO J5 8%
VSR 9% Y 58 AW K, F I HRMS 43 BT T CMD-Zn2 32 51 NO BT G 4 0 i L1 . 3% 05 36 (K BR y
8. 23 nmol/L, HAma v # BE R . fT T HErsm A s NS AL TR CMD-Zn” 9 B 13 F T HeLa 4fiffd
HRAMIEE A SR A R DA BT R A 4 1%

X #4138 L http://www.cjeu.jlu.edu.cn/CN/10.7503/20240370.
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