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Research Progress of Water-soluble Fluorescent Probes for Molecular Recognition of Amino Acids YU Kang' , XU Zhi-
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Abstract: As an important class of small biological molecules,amino acids are basic units of proteins, participating in a variety of
physiological processes,including nervous system regulation, immune function regulation and energy supply.On the other hand,
optically pure amino acids can be used as chiral sources and chiral ligands for asymmetric synthesis and catalysis. Therefore , the
chemical and enantioselective recognitions of amino acids have great research significance in the fields of biomedicine and
asymmetric synthesis.Based on the advantages of high sensitivity ,real-time performance and easy operation of fluorescent probes,
as well as the excellent water solubility of the amino acids as analytical substrates,it is an important work to develop fluorescent
probes with high molecular recognition ability for amino acids in the aqueous phase. The research progress of water-soluble
fluorescent probes used in molecular recognition of amino acids in recent five years was summarized and discussed, and the
research direction in this field was prospected.

Key words : amino acid ;fluorescent probe ; water solubility ; molecular recognition ; chemoselectivity ; enantioselectivity

BRI A R EE 72—, e Fshrakl s S mOsok, Rl PR SR
AMUEE H B A IT, WAL W BOHVEAS FRG B T mi A A0 T A5 i
BEERZERNYI, ARFR A 2 SRR A L AR
RIEBEAFRIIRE, BN, FR R 555

ﬂ‘l%/%jvpcﬁj}}i u &éﬁiﬂ@dat%ﬁﬂ% I:P kﬁ%ig gi;zﬁ [2_(1)2;_;57;(:;;Tg;ii?ﬂﬁzjgj:?jojﬂ77097 )

; (1], ST A iy B A 1 TR A7 i ot s IUE S H 2P 2z , ;
AT ERRRR A RBAR S EE REA BT F 2 P B TR B 5 0 B
R B IR RN AT, [FIR 2R b (LCX202305 ) 5 2 30 T 8 A 25 BF 5% A 02 BF 96 9 H
E—REEW T, D-FERS H L-XFmt (2022]YXMO09 ,2021JYXMO7) .

VA LA R (B 0 400 B0 A 2 e (L9 37 A 2 EB RS AR (1999-) 58 WIHLERIOA, 12, T 505

Ui LA W E R, B LR S S e
Ny e 1 s gy N . l; : e , B-mail ; yyzhud3 .com; =, k-

EEHE‘,T_ELE:J[%HE?%I&LI&[Z ; D-*ﬁﬁﬁ& B%ﬁﬁﬁﬂ:%b&‘ mail ; shuangxigu@ 163.com, N

fREC IR R RO R L- B R B RS A VI, S, K SR 6

HR BBRIRWEERN SRR, B, FrEEHk HERR A TR R O BE SR [ )] A2 A, 2024, 46(9) ;

FRTE LS Tl s b A 132 (B 36 2 A 5365,



54 f2£i8%]  CHEMICAL REAGENTS

55 46 B4 9 ]

PRDT R, R B A2 e B DA ko e
PRI EA T R E L, BT, Z IR
FIREIN Ty s A 4G v B A0 s Uk G R
AN X LR AT R T ARG b A
BVE 28 A3 Mr AR R ISR ST () 2 ol 7
AP E—E R RM:, Mot ntrik A m R
T S R R AR T B A A A2 B R T AR
B2 T HAN, TR RE R A
P R AKES M, HLAAH v 0 A I B8 R K T 5 i s
YO BT, P oK AR H SR R A2 ML
X WA BRI A3 b B BRI DL T T

ASCERIR T3 AR, & T /KA h 2 L iR 2%
SCIR 5 AT 5T 2 B Ao il Ao SR X
G LR B A S 1 3 P ARG WL B A T ke
AT IR, I BN SR A2 Bk HEAT 40

1 SEBHLFEFERANS S
1.1 2FPEERR ( Cysteine, Cys)

Cys 241 8 F1 5T A0 — i B S 05 A% 1R 2 ik
R, TEYERR A= W) R GER RS E h R 454 PR
MR, AN Y Cys KPS0 SF 2590 A
K AR RGBS O IV BRI | Bl R P T SBRAE ) B
ST BRI A AR R Cys (10 R I X6 A S 5 5
Y7 B HEE L,

2019 4F, Zhang 4" S IA L T AL 41 40 ¢
JEIREE 1, IFOFSE T AR K W AN 40 i X Cys
AN (1) o EH T4k h g AR L g
S5ER B 5 bk BR AT B R T IRER 1 KA

" IO
\)J\O 0

1 BEF 1 T8 (a) BERE 1(b) Al
e 1+Cys () PR

Fig.1 Structure (a) of probe 1 and fluorescence

imagings of probe 1 (b) and probe 1+Cys (c)™
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Fig.2 Recognition mechanism of probe 2 for Cys
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Fig.4 Recognition mechanism (a) of probe 4 for Cys

and fluorescence imaging in cells probe 4 (b) and
probe 4+Cys (c)"*"
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Fig.7 Structure of probe
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Fig.10 Recognition mechanism of probe 10 for Cys-?"
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Fig.11 Structure of probe 11 (a) and fluorescence
photos of probe 11 to 20 amino acids under
UV light (365 nm) (b)""
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Fig.12 Structure (a) of probe 12 and fluorescence
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Fig.13  Structure of carbon dot 13 and the process of
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fluorescence quenching and recovery
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Fig.15 Structure (a) of probe 15 and fluorescent
photos of the mixtures of probe 15 and 20 amino
acids under UV light (365 nm) (b)""
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Fig.16 Synthesis (a) of carbon dot 16 and fluorescence

Channal &

imaging of carbon dot 16 for exogenous L-Lys and

L-Arg in Hela cells (b))
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Fig.17 Synthesis and fluorescent recognition for

L-Glu of carbon dot 17"
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Fig.18 Fluorescence recognition of carbon

dot 18 for L-Glu and L-Asp'*"’
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Tab.1 Summary of amino acid chemoselective

recognition probes
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i 45 EK/om (mol-L7T) (mol-L7")
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Cus 5 540/605  3.4x107® 0~1.8x107°
b 6 510 1. 7x10-3 0~1x1073
7 620 2.4x1077 0~1x107*

8 820 1.4x107%  6x107~1.3x107™*
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14 630 8x1072 1x107°~1x107*

15 — 1x107° ~3x107*

Arg -8 -5 -4
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18 345 1.5x1073 0~1.4x1073

T =" A SCE RS I

2 SEBHXBUEEME R IR S 5
2.1 AR (Lysine, Lys)

12 R — A AN AR DTG I 2 R, -8 4
AMNZ5 Bg i e A R ot o 5 3R 4 A i
P, W7 PR A 8 R G R A R,
D-Hi 2R T8 B A2 R - R R 26
L9, B DL 3 a1 1 T2 AR S 25 3 1A
PRIt 5 22 R 1 0T B PR R ) 5 40 iy B A i

2019 4, Du S I HIR (2 ) H ST it
BOR (L-TNACTR ) il $5 A AL ] (S) -19 Bk i H
PREF ML-(S)-19( & 19) , #4%F ML-(S) -19 B 7E

R ELA TR 1 9 RS 5 HOW AR R
P8 XoF R P 20 D1 i 7, ST B 5 P 5 DI 4 5
F(ef = Al /AL ) N 6.6, 45 R, E ML-
(S)-19 TE 7K AH H ] 22 2 [7) B B A b 2 i Pk
IR B 5P 1 U

a ~.__CHO
(A,,l‘ o

g ‘ ““""CHO
xxl" '%’ ($)-19
M 0 .o
ML—-(S)-19 l,O 0. 0 0. OH
(S) o O E/\O)K( EI/\O}H/I"

X ;0 (; b mPEG-PLLA

6.0
=D
nL,

4.0
2.0
0.0
TSI
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Fig.19 Structure (a) and fluorescence response to

19 chiral amino acids of probe ML-(S)-19 (b) (4]

2.2 HMEEMR (Arginine, Arg)

R &R AR 75 B E LR, LK = R S
5518 FERPEI | PR AEIFI— E A A 7 A 5
AR DR LA AR AR, iR BE
U5 IR L 22 5 | A B AR P[] 24 R
Arg BXFBRBEREME S M X TF- MRS R S 5 10 A 2R
T S I HA B B VR

2020 4F, Zhao 451 @ 3 5] AJKEEZ ST
Pk oF I G T B B oK i PR 2D AN A
(R)-20(#20), 7£ HEPES(1% DMSO,pH 7.4)
PR S In® AEFE R SRR BREE (R) -20 X
19 Ffri DL LR 0 14 Fh P R R 2 P
X} e BT I, ELXT Arg FIJRERR (Thr) B
W 1 1) ) R B TR RE T, L ef {4 3R
77.TCRERR) A 162. 6 (JR &R ) o MLAb, IZARE
5 H 2R (Met) A% Bt S A AR XV ) 430
RN R A B PR ] 3 e PR IR BB SR G Met
(RIFE AL

2020 4, Zhao 451 i 5t 5| AR R AH A B A
T KIEVEREE (R)-21 (K 21), (R)-21 7E pH
7.4 1) HEPES 2% vhigs W o B Il 2 iR S 1 17 Fif
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x10*
301rb
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201 e +150eq L-Arg
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~ 1ot

0.5F

0.0

7&0 7“10 760 7é0 8(I)0 8‘20 81‘10
A/nm
20 HEF(R)-20 BYLEHY (a) TN Arg 1Y
FORMIRE ()
Fig.20 Structure (a) and fluorescent response to

Arg (b) of probe (R)-20"*"

a

x10° (R)-21
251
R)-21+4eq Zn>*
2.0+ ilz)Oeq Dilkrg
+100eq L-Arg
3 1.5¢
2
~1.0
0.5
0.0 A . n n L 1
400 450 500 550 600 650 700

A/nm
21 HEF(R)-21 BYLEH (a) I
Xt Arg BB NN (b) 1
Fig.21 Structure (a) and fluorescent response to

Arg (b) of probe (R)-21

FHEE LRI RE ™ A B 1Y 2 e 0, He Ao 4
MR (His) RABERE( Asn) I Arg 38 52 B H X e
VEREMEDE IR | XX 3 b & 3 R 114 %o e 15 43
PR 43R 35.8 .35, 8 Al 4. 4,

2022 4E, Jafar 2578 [ FERR 2 (BCDs)
MIF AR 55 ) CdTe T 55 (MPA-QDs) IR S
FRENGOK FERRER 22 (1 22) , JKH T Arg AN
His O] R BRI, 4T 22 A9 7K W o
A L-F1 D-Arg J5 2 Hh 073 531 28 Ry il 2166 8
gk, A L-F1 D-His J& 20 3] H B¢l iy 4 (0 48
SRR LT RN DE N K B BLG , 1X Fh e 6 B (0, 1 R
[vi) ] S 30 2 B e 1) T LAk ke B s B U . 5
Ab TR A N B 43 5 5 Arg T His A%
LA B S 2t G 3R, HL 98t 40 ) D 4 0 34 i AR

DR I £, AT LUE ] RGB B 347 J7
AT Arg Fl His XF BRAAZH B8 DRt 73 A

Probe22  D-Arg L-Arg

D-His L-His

oM A

.

® MPA-YQDs
BCDs

22 WA 22 BTN His Arg J5 (1)
PO AL
Fig.22 Fluorescence color change of carbon dot

22 solution after adding His and Arg!*”’

2023 4, Guo 45" TEHK 85 ( BINOL) 42 I-
FIATKEEED PG R I G L T L 2T MRS
(S)-23( & 23) . YEEFIHHEE (R)-23 £ La™" £
TEH) HEPES 28 1 i%5 W H (2% MeCN, pH 7. 4) X
18 FhFEEFEMRIEAT T 9T, KMM 5 L-
Arg fEFJE ,690 nm I 3 & B, 7E 764 nm S
B F DR 5 D-Arg FIHA L-F1 D-22 %
FRAE G Y R 9O e A8k, EH(S)-23
X Arg B ef 150 19.3, X RHHE (S)-23 Xf
Arg [FII ELAT b 2 356 28 0 ) ke 29 8 1 4 531 i
F1o AN, 24 L-F1 D-Arg IIAZIFRER (S) -23+La™
(TR A TR ST, 5 Y 0 1) 7 kg B 2 £ R B
IZ IR A AT T Arg AT 0AL T PR

a

(5)-23 (S)-23+La* +D-Arg

+L-Arg
B 23 R4 (S)-23 MM (a) FIXT Arg 1Y
AR (b)
Fig.23 Structure (a) and visual recognition to

Arg (b) of probe (S§)-23[*
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2.3 4R (Glutamic acid,Glu)

L-Glu &R 28 R G5 1) — Fh i 2236 5, 325 161
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D-Glu A T he /0 A il (B H G 4l
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Kk,
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24 SR TBA h 45 6 Hl 4 THE (R)-25, I
RIERER (R) -25 RBAEAE A =300 nm AR, 76 A
=350 nm 1 A =500 nm P4 T X 2 R R e 2
R AR R DB, AR AR X e RE
PEDEEIE AT LA A Glu #R B, 1K I 4 i 5 %o
WL e 57 AT LA S Glu (9 %6 A4 4 i, M T
%ﬂTﬁ%@ﬁ%F%ﬂﬁ%ﬁiéﬂﬁm@ [ B0 5

CO TBA
Br. CHO Br O N
! 01'I %
OO o “N
CHO CHO
(R) -24 (R)-25
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2001

5 150
3
= 100}

50F

0_/\

300 350 400 450 500 550
A/nm

24 FREF(R)-24 FI(R)-25 BIG5H (a) &
(R)-25 % Glu F5E 6N (b)
Fig.24 Structures (a) of probes (R)-24 and
(R)-25 and fluorescence response (b) of probe
(R)-25 to Glu"™"

2020 4F, Zhao 25 2 P I A WL T ML E-5' -
BERR AT 1,2- 2 3L O BEB M 1) BODIPY 28
PREF 26 (B 25) , fELlK  3REF 26 AU 12 Fl T
PEZIERR Y Glu HA B B 2ok, H B A
R B BREE 26 5 D-Glu {U/E A 30
min 5t I BRI N, H2OEH E 5 D-Glu
WEE R MR, T LU T D-Glu B9 B I 52
AR R % 26 00T LU FAIML T D-Glu %A

% BT REDR AT Glu BT e Bt 55 , VE %
FEARMEATAM D L-Glu X S ESE

a OMe

B 25 #REF 26 HYSEH (a) ST 26(b) Al
#EE 26+D-Glu( o) FE A%
Fig.25 Structure (a) of probe 26 and fluorescence
imaging of probe 26 (b) and probe 26+D-Glu (¢) "

2.4 (A% ( Tryptophan,Trp)
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Ak 3 B M RN B R R I BE ), R A
(S)-27c¢ Xf L-Trp 1 D-Trp HY# i BR 43 5
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Fig.26 Structures of probes (S)-27a~ 274"
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2020 4, Feizi K& H FHDOREY
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L-Trp F1 D-Trp J& 2 7= AR EE B 96K, X
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200 220 240 260 280 300
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Fig.27 Structure (a) and circular dichroism to

Trp of probe 28 (b,c) ¥
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TR (pH 8.8) , 4l (S)-29 X} 19 F gy W& IL R
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(I) 6IO 1I20 1;30 2:10 3(I)0 3I60
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Fig.28 Structure (a) and fluorescence intensity of

Trp versus reaction time (b) of probe () 2915
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mol/L, M fNA D-Trp JGHREF AL, FRIZIR
EEAl R T Tep B)F RS 2 L-Trp ¥ B A 2
e, H 2 L-Trp B XF AR G 3 (e e fH) 7E
66. 61% ~90. 97 %I , ZREF (5 M R 3 E 5 e.e.
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20 /
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09
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Fig.29 Fluorescence recognition diagram of

carbon dot 317
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Tab.2 Summary of amino acid enantioselective

recognition probes

BER Enlas R KGR/ of e

IS P nm of =Aly/AL {H
Lys 19 528 6.6

20 736 77.7

21 505 4.4
Arg » - -

23 764 19.3

24 503 30.3
Glu 25 500 244.5

26 562 2.0

27 545 1. 65

28 — —
Trp 29 539 2.98

31 420~450" —

TE 1) St R RS I Bl BE AR Ak <y SCEE PR 4y i
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