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Advances in Applications of Fluorescent Probes Based on
Indole Heptamethine /n Vivo

Chu, Ningning Feng, Chengliang Ji, Min*
(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189)

Abstract Cyanine dye is a commercially available near-infrared fluorescent dye, its spectral range is in the near infrared
region, in this spectrum, absorption or fluorescence intensity of biological sample is very small, so applied cyanine dye to
image living body can reduce background interference. Indole heptamethine fluorescent probes which are representative of
cyanine dyes are consisted of indole heterocycle, heptamethine and N-substituted side chains. They are widely used for tar-
geted cancer therapy, labling protein, detecting of metal cations and other biological aspects because of their excellent pho-
tophysical properties like good solubility, tunable maximum absorption wavelength, large molar extinction coefficient. Based
on the structure of indole heptamethine, introducing reactive groups to the parent compounds or changing their structures can
make fluorescent probes have different functions like labeling protein and tumour, detecting intracellular metal cations, which
has become the hotspot in the field of fluorescence imaging of biological research. Therefore in this paper, the recent progress
in the field of applications of indole heptamethine based fluorescent probes for detecting metal cations, changes of pH, mol-
ecules and imaging cancer, protein in vivo are reviewed. Besides, the distribution, imaging results and metabolism of probes
in vivo (model) have also been elaborated. The biological application trends and problems of this kind of fluorescent probes
are also discussed in the end.

Keywords indole heptamethine; fluorescent; probe; biological; application
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Figure 1 Molecular structure of indole heptamethine fluorescent probes
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Figure 2 The structure of probe 1
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Figure 3 The structure of probe 2
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Figure 4 The structure of probe 3
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Figure 5 The structure of probe 4
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Figure 6 The structure of probe 5
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Figure 7 The structure of probe 6
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Figure 8 The structure of probe 7
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Figure 9 Structures of probe 8 and its derivatives
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Figure 10 The structure of probe 15 and 16
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Figure 11 The structure of probe 17
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Figure 12 The structure of probe 18
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Figure 13  The structure of probe 19, 20 and 21
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Figure 15 Structures of aminocyanines derivatives
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Figure 21 The structure of probe 33
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Figure 22  The structures of probe 34 and 35
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M4 ONOO™ (10 umol/L) 45 &I, e efs 514
58, 10 min N 2OGME SR Sk BIALIRE; IREEXT
ONOO 1 m Lk, AEZE BT T H A W B GSH
T P AR DO S A Y ONOO A 1
ALY, HIXMAZ b nril.

PAEM/N R BRItk RAW264.7 KRR
AT 5 ONOO™ IIEH]. 45 R WortkEr 36 v HI T4
i ONOO™ FA M. H.40 75 P 5246 4Rk El 36 AT
A =E 1

DA b g5 R IO ERE 36 ] FH TR I 4t i Fn A= 4
& ONOO WK FE 124k,

5 #RiCHMEMAEIRE

S IR e b AR N R A i AR, At SR
ey Y RN e N E Y e MR ATEPSY AN
(17 1/4. SR — 1 DR AR A= P s 2% skt 5 11 3=
R —10,

S IR A0 B 1 AN A DEOBE PR A R s, X
Hﬁ%ﬁ%%¢ﬁ%@ﬁ%@ungkiﬁﬁ.ﬂ%g
A A AR 7 T 1) 2 S AT A, T 8 e i 4 e A e
IR 41 .

Vendrell 254 DL Ay FER A ) 397 28 NIR 9667645
BERTAEY) 37(B 24), FEJ i A0 BUAR I WOBCR LLAE W R 4T
AR E ), 52 LR IRDye 800CW 2-DG(M ] T
FERE AN M LU AN XSk R AR, B 24) AR L, TEIEERER 37 %)
S 41 (1) b il e ) B A
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HOH
Ho/jm
HO
NFoH
O)Wl (Nj\
i

ZS
\O

N
e

0,8 0 SO,
+ /) = = O
Py

SO3

IRDye 800CW 2-DG Okl

B 24 ¥4 37 K IRDye 800CW 2-DG [1] 45
Figure 24 The structure of probe 37 and IRDye 800CW 2-DG

M2 52 14 (folate receptor, FR){EVF ¥4l il A it
RIS, WSS, SRR, B, g, iom &L
1'113 ‘“ﬁﬁr ﬂf@zﬂ”ﬁﬂﬂf@&xﬁiﬁ’lﬁ%ﬁ?ﬁﬂﬁi hﬁi?’]ﬂ?

HMﬁﬁm HKmmwlkﬁA&xﬁ?ﬁ
folate-PEG-ICGDer-01 probe(FPI-01), 14 25 Fizs. #f
FEIN 52 L A0 75 P RTRE 98 40 D 236 R0 ) B A AN [] i
SRR b IR R R ). 45 R RORIEERER S FR
ARy, B Rt 2ErRm i E & R R,
o IIREAT v AR, A FRPH PR 1612 I s 2 B3
S BRI ).

MR =175 38 N FEREA R T I 4T AL
RAIRE LDL-38(1& 26), ‘& LMK IR 25 F1(LDL)3Z f&
JEE AT LDL-38 #REF 2 i B SO AR e P v % BV
HI R PR (R ET 38). R4 LDL-38 BEAEMR-+F LDL 194
WiE e, A ) B AR OC R R A, TR, AR
—E R R T ERE AR E T

LDL-38 ¥REFZH ikt N 2R AR N J5, 5 min B 7E
iR A0 ) /N B B T S AN A B B R A, IF
AT AR T AR I 7] (S min~12 h). 36 h J&
LDL-38 #REFAEIEAMARNIGER. /N FHL S AL,
LDL 24K ki1, RoJK, JFA KRN, B,
LDL AAY AT AAE Ry S8 1m) Bie 4, i FLIE mT [A] B VR 4 259
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B 25 #% FPI-01 (145
Figure 25 The structure of probe FPI-01

HOOC

03S S S0;
+ PN = O
i Ok

:

SO, SO;
38

Bl 26 45t 38 4t
Figure 26 The structure of probe 38

BAHATAH ], Tir% LDL-38 #REFTT Beasb 374 g
A U (132 W R R,

T3 25 (A) VR b B A T 0 10 7 25 o 6 DR 7 9
S P oy 2 1 AR A ek
el BTG EY Rl IR IR S = H); I
R A L, R RBCR A E RIS, 53R a2
PRAHLE, Fs 75 K G RE i,

P T R B A T S ) T 5 K A, T R
s #54E h E s R R 29I Ak, s 5 R R
(e E1/E3 MBI EE 5, Ad.5)EH LR 4
121:[45].

+/////
N N

COOH

BT 5 26 W 093 75752 A (CAR) A& ¥ 1 Mo 245 28 A 00 1)
RENIIPEPE 25, A TH K Ad XAHIE CAR Rk [ JihR
20 L A HE A 1, Shan 26090 38 FA(HR) 5 Ad.5 A3
4ify, M5 ICG-Der-02 455, & T FA-Ad-ICG-02 8
E(E 27), FEIATIEARRG. RSN SEIG LS LS S ik
W3, JREN e BT A ST, REBHE
RIAE, fE4hIA, REE N S HR G, R
Jo JE Rk PR OFN R HE R 4. e AR K G O &,
FA-Ad-ICG02 REILEFENERIE CAR K FA BH M 40 e,
N IE A B B I B ) #EE, mhE R FA-Ad-ICG02
WASHIE R AR 5P E. KA ICGDer-02 /& ICG (1)
FI2EY), Ad ReIEPEME B IE LR R AN Y, X TC Ad B2 44
MGG, It FA-Ad-ICG02 %% BT IE &
20 W2 TE ).

WIS U LT AN E RGN FA-Ad-ICGO2 AN [H] i
FANM R P, 25 B BORGREN NS CAR B fERIA )
FR (¥ /I8 40 B A R R v 2. DAL FH C A4 FA AR 1)
Ad T LA CERET 2 Wit 7 e A AR K3 .

Chen 25415 1%, 7 R L0405 YLk 39 F1 40, 4
28 Fizn. Ykl 40 B SR R IE e, e PO
PR R 17 s B

FA-Ad-ICG-02

B 27 5t FA KR dE Ad & ICG-Der-02 454 IR%l FA-Ad-ICG-02 [f)45H4)
Figure 27 The structure of probe FA-Ad-ICG-02 consisted by FA, Ad and ICG-Der-02
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W F F R

IMFEERES 39 VST 2B Rl RIF IR 2E SUAK Y
24 h g, VOCRMBDREE, TREH AR i 4i Bk
WORE I R TAE B VRS 24~48 h, R 40 b 2454)
(RIREI L SN, a5 B P RO LB AR . A
TES 48 h A, 5L IR AR i IR S TH IR A, 52 72
hJ5, AER2IPR AP IRR BE mT LN, (E 7 e 440 v ik
PEOEAAR B, X IGE GOk RErE 2P BeE 2 TN 23]
J1%, e M BZBRHE Y, 315 B0 B PROE # PR (T
2 MRS LB (K B A7),

OCgH13

B 28 4 39 1 40 (14544
Figure 28 The structures of probe 39 and 40

uMUC-1 (Underglycosylated mucin-1 tumor antigen)
& Z R iR AR E 2 —, 7EJLT- A N2 E R i i
J P RIE, AR 90% LA L FLE, U9 EE, R
e, g, W, AR, HEAE; MUC-17E9E b
e 4N MO CE Y 4 MR, R 3RR, MRS REGN O, (v
MCNEIREUN 22 R R R e B-4 i A A i e
BENZE 50% L EIRRERE ) I 2 1A A7 i E.

#n) uMUC-1 HURMAEZBR(EPPT 4i%0%) iR
N b R g 40 i ) SR S BEBLAA Y CDR3 VA XAT AR 1M K,
EHIFS C41(AREPPTRTFAYWG). Pham 25181 i 4
kL 41 5 EPPT AR 45 & & AREE 42, Wikl 29 Pios.

NS EREL 42, 10 h Ji5 75 b8 20 B ool ¢ 21 i 2
(1) NIR 6155, 9615 5 HF4k 24 h, HIME40 M1
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B 29 RN 41 Rl EPPT 4%R4S & IREL 42 (K451
Figure 29 The structure of probe 41 and 42 connected with EPPT

PGB REAR R, WS DX T e 98, X A g AL
R ZA R I, 7R 4h b g2 215 U NIR {55,
FRENAALR T LFRAE S, M2, dEHAHE
ISR LS G EPPT 48R MGk} 41, 7RI oM 52
ANBUES. e 42 WD TRIER S uMUC-1 FitJi
1) 8 400 .

Yang 250K NIR 2¢ 694k} 43K 30))2 i ki 5 i
G BRI SR R SR R R BB R
R IR e S DR AR, ORI I RE DX S R A L (1)
PeNeAFT, TEA3 R R Ak A I 2] 30 g A0 P 1) 2Rk

T ay

O + NS NF N

See
Na j
s0; 058

43

B30 #REF 43 45
Figure 30 The structure of probe 43

Shi 2RI T TR B AELE R 4l b 780
nm F NIR Bf§ R 204058 6HREE IR-780(1& 31). /)
I3 T AR ) MR (A HL GRS 2R (ICG) AN W), i it i
ik I R S R, AR R (T IR 41 N 2R AR, 1T
REEG N GURRHGE I R R, HAE M 4 2R
JE L 1E 5 % AL AR e 15 5 Lol et 20(— M Lh Ak 31
2.5). I Hax s ge L fe pk g JE As e B w5, e
SR E Rk 2 LA b, w6 g X3 3 Ak
18, FRE I bR K e B 7 AR K.

H A5 YA 7 A e il 32 NCI-H460. 45 a4
i & HCT-116 % U5 41 e 52 Hepal-6 J¢ N B —
PR /N BRBR AR R B Fi 40 R A BRUVE S L R ik
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B 31 4 IR-780 45y
Figure 31 The structure of probe IR-780

VEST RIS 70 B YL k) IR-808, 43l 25 AN [R] s [R] 5506 4/ B
TEH AL IR A AT I 20N Y g, BB
/N R A 230 A, BRICILIRTE ) 1 . 45 SR e R e
FRIGEIN B, TR-808 YuRh i e 7E AT Do ISR 4E, Bl
JfE 5059, 48 h JGIEAAHHE RSN, 78 PR N B
AR, IR-808 Yk 24 h J5 JTUAHE ] R, 72 h
Je DIl T AREE, BUMRAR N R AL T 41 4 5%
Hefg, KIAMRE ARG E S, KA e FmGs. &
TSN RORAS R, AR W8 R Y. IE A5k
Ykl TR-808 HEMF S PE# ) i %, AL S, LW
SRR, HAT IR (0B A 5

FB/N Au 9K (Au NCs)A2E R id% &G 97 B
MR, BT, W6, 52 RN T
TE RN AR T, O T ot S g K A0t v B R IA R
2K TR 20 ML 4 B R PE SE AN, Chen 2505240 - 1 [ 5
R4 9K L 1 (Au-FA NCs), I 5iT40 589054kt
MPA 4544 O 6IREE Au-FA-MPA(J& 32)3E4T 44K A A1
N e R S B R N I S R S R T
Au-FA-MPA 5 1EH 44 SUR R EE ;% Au-FA-MPA
(BN AAT A B R g 1 FE R W], Au-FA-MPA X}
JEFIR FR (1098 40 AT v S5 PRI BE e SR, e pAs
G P 4 4 R A0 T8 J AR R T 7 A T = (7 .

O PR 1 — AN S R AR PRAR, AN SEAARE T
DRAARE 52 M IR e RS k22 3R R LA Ak
AT RGBT RN . DR, TR R R N g

Au-FA-MPA

Bl 32 %4 Au-FA-MPA 4514
Figure 32 The structure of probe Au-FA-MPA
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R AL

Youssif 25315 B ] TX0 e IR AT AR AP
HAR TIREL 44(1 33), FLBCR AR S K 53 ) 2 785 Fi
802 nm, /7N 0.05.

AN, 1) JER IR A R SR 44 5, (RAE AN i
PE G LU AR A M b ) 98 6B . SUIT-2/HRE-Luc
a0 REAS A #5417 SHRE 2¢ G, 2¢ 6 I 52 143 X i
HIF(H 4875 8 ) 3 l, HIF-1o (13RI A RS F
RERT I E. 1) RN B S R 44, 24 h R AE
HIF-1a 3% 1 DA A M o 2 2 A= 025 . 1t W g ok
MIRER 44 5 DA G (HR IR R 44 (120055 7i
S$Pen)a, EMR PR R R, IR, BTERET
44 FICAEREMR P ANFRE, S PR AR IS R

25 P Bk ) K JORE R AN R AT R A 3 245 )
5l AE 36 REFRAR L AE AR R G b AR e i B RS
5 SR R E).

Xing =M HT I 24 B 5 234\ NIRF B 10 2 k%
L, B NIRF RiiA25%) 45(1& 34). 2444643 B H ik
(GSH)A 10 mmol/L i, NIRF FifAZ R jBGHE Bk, At
By NIRF A1 nT LA B $ 00 5 5 00 5 21 B R T8 10 254 4y
TR YA AZTT NIRF A 9 7690 iR,
NIRF #E/ K NIRF Hij 424 7545 i (1 4R R4 N 20 A1 2
TN ST 24 h S PE MR 40 i 2R 4E. NIRF
RUAARZDOIE R T T A AR K ).

6 EAMICERNRE

N ARG R 132 A (TIR) A& — RIS B & 1, LT
FAET A WIS, oA Ekms . Kk
THTRCE R E A/ YR A AR RGO T2 WG
J7. Plln, Tf w5 M. CRMI107(—FH T697 N
Ji 988 TR Ak 27 VR 9T D S, B0 A Bk R A KR
(MION)&545, HI-T- MRI Al 3 Rl k.
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Bl 33 R 44 R
Figure 33 The structure of probe 44

Bl 34 NIF GiA 25K BeIE 45 1454
Figure 34 The structure of NIR Nanogel 45

Pham 2555438 (1) NIR820 i& H] TV e v 4+, &
(R A AN St il K20 9 S 793 A1 826 nm, A TR it
4% NIR820-TH(E 35). NIR820-Tf 5 yei 4l ik 9% 1 h
Ji, FE T AR A1 HR D s 25 0, R W NIR FRid
() TERSZ AR 1 H. NIR820-TE Fr it AN 23 FHLAS 40 i ot
TE (R, TR S5 6 TF ) NIR820 AREZEAN MM, it
1M PR P BR. NIR820 A2 ife e, &4 [ AH 4 2 1R
SN VS EASY NN

BEEA avps SARTEZ e 40 R e il b
Bz g b K R IR M AE IE W AR AR RIL, BTSSR
F1 ovBs 2 ARTTAE N AT 21 70 598 e PREF (1 #E 55, Houston
200155 Y TIRDye800 AJBUH LAy % MIn dric 3 &
1 avps, TERSGRES G K, JR I T B 208
RO, 25 9RI, ITLLAMG: B AR IR R AR T K5 7%
RO B RN, )2 AL b 45 e L o
& WAL 21 AN AR AR VR 2 R 21 23 A% A Bh T g 2
A R 0 N i 55
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NIR dye

NIR820-Tf

Bl 35 R4 NIRS20-Tf {4ty
Figure 35 The structure of NIR820-Tf

FR T S5l R A % PR B 1 K s s 40 2B 1|
1635 QR g5 A s S 8 E, L 20 mmol/L, pH 4.0,
AcOH-AcONa 14 F Ky AL L2 i Jot, IT40 A6 )1 4E
TR N 6.0 X 107° mol/L I, 35144 2% & R 1)
KRR 50 pg/L, e PEIEFA 100~1900 pg/L.
Baars 257 -G F 165 Yek) 46(1 36)1F 4 £ fkbrid
IRF, LUk B ORI 9O 5 T 6 MRk,
LA HE B 100~300 zmol.
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Figure 36 The structure of probe 46

FRAIAIAEE A B P = P 20 Ah 9 e 3R AT 47~49(
37), HAEF R B R K 782 nm, KKk
SR KAy 818, 816, 818 nm; FEIRMEG R ES Ik
2.93X10° 2.95X10% 3.02X10° Lemol 'scm™'; Stokes
shifts 4373 4 36, 34, 36 nm. 7 L35 7 R B KR Be i K4
A 795, 796, 798 nm; f KRS AR 826, 811,
809 nm. FREF 47 70 M HH AT 9 G ) g e o, HAH R
BT 48, 49 LU, BRI KABEK, TREF 47 7Rl
PR 98 G BR E E 2  T 48, 49.

g
SN PP

(0] lo
RO

OR
F
o iy
F
49 R:H3C\©/CH3

B 37 R4l 47, 48,49 45K
Figure 37 The structures of probe 46, 47 and 48

AR 47 2 REIKES SR SAR, PRI 26
Beom, HLUGEM. il B AR . IEANE R/
M FEAAT RN 95 S, HENGEL 47w LUE YT
P HE N TE RIS AEHE T RS, L SR UL EREE 47
AT AN AL B AT LA SR, AT B e
JRAGHIT S (RHT 2 S 5.

MMPs J&—AUKEE 25 1 I B TN, RE R 4 R A1
e 5T (ECM) AL Ay 40 i A0 2 11 0. AN R 10 2R 11 g Ji
MMPs #7335 21 41 i 4 s A0, e S 5 7K g 25 B
JIRDCIR, A A A0 5 B e AE AR AL DI, BE TGS MMPs.
YFZ MMPs 75 NR 2 Fhios 40 i i ad 7y ik, X s
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MMPs tiffi: MMP-2( 1 WIREE A)FT MMP-9 (11 W fieiil
B). i J¥#iA MMP-2 F1 MMP-9 [ AU 4% IR, 45
HE, mieeE, B MMP-2 il ERik 5 RBE
FIMRJEA O, AFJRAE BRI 15 H A 2 1R M 52 3]
MMP-2 [{] k.

Akers ZEPOURIE T — ] I FALIIAA Py A 5%
] MMPs [¥1387 28 0] 0% NIR 266884 LS276-THP(IT 41
AhHOEERER 1LS276 5l 38 Fon), ‘& LA =B HENL
(THP) & JEAl(THP AHEL T HoAh MMP RAILEH, X
MMP-2 Fl MMP-9 A =5 B e 8 1%), 45 5 kDa JIRBE 0
TN 1 B IS RO 1) 4, LA THD A2 3442 NIR 586 4Rk
IR IRk, —JRIR eSS/ HAT ARG, 3 SMREEAH
Hgigs, BUER AN NGIE, A5 K, B
e, —IZHE Ik MMPs K0S 5, B 6 &hrid
PIKEE, 586l 5100, BRENMPEOEr= R K 3.8 fif.

SO3 SO3Na
LS276

B 38 #EF LS276 M4y
Figure 38 The structure of probe LS276

) 2 Fh N 28 F 4 1A 980 B AR 1 /N A PN R 5
LS276-THP, &5 HJMIs (19615 5 LA h I 965 5
W5 5 A%, 4 MMP #1757 Tlomastat J5, 15 5 5058
§9. LS276-THP I FH T+ Py ksrill 55 ifgg 41 5% 1) MMP-2
F1 MMP-9.

Samanta 254718 T HAT R ARE I NIR =155 Yekl
50 fi1 51, Wl 39 Frow. dEEEREES T, Gekl 5111
BRI A Re PR AR . 7rdek) 51 (kA b
A L) CyNA-414, & LI 4R (ICG) KA B i 1) e As
sEME, BRI CyNA-414 o] 3 T TR N & B i 9¢
FeRic.

Pham Z£C I8 T — Gl MMP-7 2 (17
g 2 LIRS A5 2 P R A i b I R R 8 ) T
PER B B ekl 52, W 40 FroR, ' NIRQS20
(ex/em790/820 nm)55 Cy5.5 il i 2% (1 22 Ik AH 45 A 44
B BREHTEAR N VIR SR, — B HEWEY
(MMP-N&5 %, TREFIIZE A5 5 151 7 %, Keat/Km fH 1]
53] 100000 M 'es ™

7 HABIR LIS SRS

Zhang FiI Achileful® & il T AN SR> LBk Ay
SERHPFTEL NIR 98050 T U S3(K 41), Haityrh &4
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Figure 39 The structure of probe 50 and 51

NIRQ820

B 40 5 52 1045
Figure 40 The structure of probe 52

ZAFEAE, A BY TR R (KA, AT B TR
FHEKWBT SRR, ATARIC AN 2 T3t A R
Pr . SPRIHESE R IR S5, AR 8 1 IR LI A A F
235 Pk D R AL IR A3 55 45l AN [+ ) 0 2 A0 A= 4 075 i
SR

Bl 41 B S3 sk
Figure 41 The structure of probe 53

Hilderbrand %5114 Bl T — R 41T 41 41 94 )l YL )
54~57, WK 42. S APk 1) 54 76 PBS H 5K
WK 807 nm, e KUK 839 nm, ‘B AR 55
—FELE PBS AT YRl RAEILG:, 5 45 MAHAL IR ekl
55 FHLL, WRIKCRN R 5T X 1] 43 A £0 %% 30 nm AT 27 nm.

7F DPBS ZErhifii, LW e i 4l & I 4ok 55 Wl X
(B A\ 777 nm £085 2 798 nm. Yk} 56 WSOR 5 Kok %
KKT 800 nm, HAKEM T ARE. Jukl 55 5 VHS
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NH-Gly-Val-Pro-Leu-Ser-Leu-Thr-Met-Gly-Cys-CONH,
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)

cleavage site

Wik BRI AAC 2l G, T 0T I/ 240 R B 43— TR 1 4D 440 R P e e
AR,

AT A B A B T — RPE T Ykl 58~
60(&] 43). =FhBUBHE S RO B I e 404k
[X 35K

Lenkinski 255138 1952 64k Pam78([&l 44), W] H]
TR BB AT A REA T AR

SR KA BT MR A Pam78 15 FR)5,
AT LERRAN TR 40 i oW 215 20 1) NIR %86, HARME L
KT 4, MABIGBEAT &, AR R KA ST
YR IR 40 i R U WSS BT AT 5% . Pam78 A3 A fig
P T LR P R B AT (NS Ak g e

TEFMESIYI R, EHE R S e 3Pk 75 R 4 M
M FR K A (HAYDUEY), Pk A ie P & 5 80
I S SR AEREAL T R, B R0 AR 044 YRR 40 L 1
PERT s HUREHT p S 2 IS 2 [R5 38 BUAZ R I v kAl
PR FT R TR, A5 45 B AR

Zaheer 5 HRIEFR Pam78 nl WA N HA HEAT Hif%.
FEAT TIARSEE: FRIKVESS Pam78, Pam78 Vid 171
RPN A3, FEAR N RBR T L0 AP, 1 min Py HHIAF]
BRI 2R B, LA A4 AU PR B AR, SR e 1
M2 ZE /A4 2 5.0, 15.4 min. 24 Pam78 MAK NSRRI,
R A 3G 3 X AR AT L. RS E 15 min, 558
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B 42 bl 54~57 (45
Figure 42 The structure of probe 54~57

HE D TR 5 AL e AL %% 21 Pam78 11956, 3 h A, K
BB AR T W, Pam78 i A R AR I HA $2
LT ArRE.

2011 4 Zhang 2574 5#, nl¥4 IR-780(/& 45) 5144
MUILRTE, #% IR-780 Fric (T4 LIk # 22/ i
WS, AP T NIR Bg, Re M g8+
MIAEGERIER. AL, A IR-780 TALHLY SNP(fiH
TR AN, (TR R A A A B A b R R
A 40 30 3 i T A L AT RS X R IE S U Yk TR-780
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Bl 43 4ukl 58~60 [14iH4
Figure 43 The structures of probe 58~60

(0] (0]
1

Na P=O Na
07 (e}

H
o Pamidronate

\Y
\/Na

Pam78

B 44 FREF Pam78 [K145H)
Figure 44 The structure of probe Pam78

A RARIL, JERL AR YR A IR

8 BHEKRE

NG eGP )18 et A B PV R AR 02, EE AT
BRI SE T )2 L LL 0 56 GRE S 2L AR 4T 1k
B WHIUE T LUE [ GRS S AR R SE R, B
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B 45 4 IR-780 45y
Figure 45 The structure of probe IR-780

BRRL D T, EHRA ARG, JCHBAENA
XFIRRE FIBIEE — BT 4R, R RTELLAN SRS X A
TR IEATHE ) 2 1) R R T LA AR R, (GBI
NIAEAER — SRR, WRRAZ, PR AR, 2i4e A,
MDA ANV 2 c I W (VN i & O Y S B Bt ) Uk
P, BE YRS & e st RORSE. DI ST A B AT
AR TR e, REFDERUENE, R4 REE A A=)
GiReR e NP URAR IS A R KA WIS DL RN
KU A i

1EE R

BETT, AARFAFAIEREME, BAAESMNAS
2 W) B E A R FTAL A ] 52 .

TR, A RFAFHMTERHE. HEEAFF. Ad K
S 2 TR, R RXFE TR G ITEAR
AR LA “FEIART FRERABRAS L TRE 333
IAR” 3SRt B BUF AL A EOT R R KT £
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