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Research Progress in Chiral Molecular Sensing
Recognition of Amino Acids

DU Yingying, QI Limei, ZHAO Guiying, LIU Haochi

(School of Electronic Engineering, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract Amino acids are the most important molecules in biological systems, and they play an irreplace-
able role in disease diagnosis, drug synthesis, and vital characteristics monitoring. Amino acid chiral mo-
lecular enantiomers often have similar physical properties but have completely different pharmacological
effects, so the chiral recognition of high-sensitivity amino acid enantiomers has attracted extensive atten-
tion from the academic community. In this paper, we investigated the field of amino acid chiral recogni-
tion, summarized the sensing and identification methods of amino acid chiral molecules in the past five
years, focused on the existing achievements and development trends of spectroscopic sensing methods,
quartz crystal balance sensing methods and electrochemical sensing methods, and prospected the future re-
search direction of amino acid chiral recognition, which will provide important reference and guidance for
the identification and development of chiral molecules.
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Fig. 1 Schematic diagram of amino acid chiral molecule sensing recognition
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Fig. 3 (a) Surface enhanced vibratory circular dichroic chiral molecules detected by reflective chiral metamaterials;

(b) Molecular chirality is distinguished by upconversion signals obtained from chiral metamaterials
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Fig. 4 (a) EIT metasurface achieves Arginine enantiomer recognition; (b) enantiomer identification of Proline using chiral

metasurface in terahertz time-domain reflectometry system; (c¢) enantiomer recognition of Phenylalanine by anapole metasurface
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PR T IUAELL L 2021 4E L Leong 25 A X FRYH K £ L 42 Wi (Nanoporous Gold Bowls, NPGBs) » NPG
bR R T T BB AE R R EBASREFRA A 85 15 R ( Tryptophan, Trp) 22 5 57 & BUH% 5 NPG M54
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Fig. 5 (a) Enhancement of the specific Raman scattering signal of the Trp enantiomeric by the asymmetric nanoporous

gold bowl; (b) Use the IRM system to identify Asparticacid
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Fig. 6 (a) Calibration curves for the response of the quartz crystal microbalance sensor toward alanine enantiomers in different

concentrations; (b) The calculated adsorption energies on Au(324) and Au(223) for Phenylalanine, Serine, and Cysteine,
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(b) The enantiomers of Tyr can be recognized by the electrode modified by spiral gold nanoparticles

HATIEA TR G KR TR A2 B TAEAUOR AR 2 — B T AT LRGSR e TR me L o il Ay Tk
U T RS 2022 45, Li B K BT N TE T-HE R BEAR 4 KR T 2 e AL 2 AR R
R HT H A7 A 4 Al EAEE 1 B L B 7 () R . Gl 3 0 Bk b AR 22 25 (Differential Pulse
Voltammetry, DPV) 7 ML E] Tyr X MR RIEHRRARZEZ 6 15, BLAM DPV IE(ERS L-Tyr W Z[H]
FP7E AR R . A BRIF (RGO S —Fh Ay () — 4K AT RE, T AL S A EfE . i HLGR L )



152 I R 2 2 O R B 2 D

B 8 FL P DR P R S RS R OR 9 L SR TR, Bl A I — i AR ) A SR L [R)RESE 5 e A2 i . 2022
4F, Pei SV BT T IR RGO-Au/L-Glu Al RGO-Au/D-Glu & & M R # T M A5 A . & 90Kk T
HOEKRGCO-AVGEG, — T 7 A S0 HERACR 85 1 R m R, 5 — 05 ] LU 8806
e M L L BT D S A e AR 2A e M. 45 R R I . RGO-Au/L-Glu/GCE X0 & R % il i i T PR R0
. TME MOFs VE R B AL FAR IS 1) AR 2 — e 5 T T R0 R AL 2 A T, S ot 0 v ) Tk
T ATFPE MOFs fLIFEF, A FHEXT UL R IR A B S TPk MOFs 454G, 78 F R TH & A Ak b
MIF=A B AR 5. 2021 4F, Tong - 7858 RMH M B W0 A2 (1 MOF 942K 21 4 0 3 7 Fl R AE [ -1
T IES o FENT ) TG IRAS SC L T % AR 1 R AR FN D/L-Tyr B9 A, AT MOF 9K £ 48 /52 %
BE(MOF/C) & A B AR GRS Tyr 205 T H7ER BT . 2024 4F, Yuan 555057 D 5304
HIHEZE (Covalent-organic Framework, COF) [ i K BT C A7 , I F FH X B4 38 2 b1, 2- R VE A H Ak
24 )% W (Electrochemiluminescence , ECL) 1M BTG, ZERH B SAF] (K, S, O FA7E ™ 2 A SRR ) ECL, fifi
FH# £ COF FIVET- ECL 3G ME A Bt , W3] ECL 35 B X Z 4R (R IG ( 2A R 2 2R B Z R &R
FIZHZIR) ) L DX e e b A g o 1oz AT W S8 f) D31 Herb ECL SREE ) B R FEAB Rl 1. 75, 8 T
FER T B UIR

4 BE5ER

L LA I JUAR 78 TR WO WA 5 B 5 07 1o s MO~ A2 1805 vk B i Al A IO 1 e A
PPAPE R IERRA B R VA S AN S A9 TR AR 1 AR R T FR A A 2 A DR 8 1 A0 A5 R L
HBAR . AT IETT I A WUE IR 5 R LG TEAR TR ORAF T fhd 16 T 1L R
FN A G Jm A F UL RIZ o XA T7 2% AT LASEI SRAT RN EE R (EAS DA A B 5%, XS24
BERSCIAEAS I BORAR T W . FEHRAL AT A T A Bl TEAL R AL AR R I A5 A 1
HREWEE W5, 25 & RGBS EIIR R B SR BN B A ECL AR RE ARMEDE T8
A A A AR G R TR DT o v Al A TR A S5 AU Se A AR A B R — e i p s (A1
b 75 A AEAS B S AN TR AH TAREA BRI . A A A2 Bk b AR T R SR A oK
S5E AT B4 R lGE AL SR TR SO EIE TP Y SLIR AR5 AU S R B R R BB AOA = . HATR
B AT b R BT VR R AR~ AR T VR B AR ST 5 LU U R R 22 615 S BRA= W o3 1 O R
PSR B A ST 1 R N FH R N . I 25 SCRR TR 48 SR R AR R 2 A I 9 T4 L B R e &
FEMR T 231 B AT AT T 9 5 TR T
4.1 SE TR B A i A4 Rkl Y 2 R TR UM

EGIBRA L R 2% RS G T RE R AR ZEIEA T AR WA N AN 23 iU W HL B . DR 2201 B 14 R R i
503 T REREE R ) IR B T vy o DRI AR5 A 2% I 0 T 1k 00 o ) B AR LB, A BRI 001 -1 A 1 oy
T TRRFAEA Y > TS L R 7 Z AR AR A T B . (EUR AR W) 0 1k B T 0 R 2%
SROETEH AP T R0 L I HXEFAEAE A WS (14 B S 0 KR A s TS AR IS R A
FEANKIRE o A 2% 2 1 A4 Jatie FAT SRBHORE e 0 7 3 JRE R L T A A S D0 A g Tk 2R M 201 1) 001 2
P T AR RAR . DI T R 2% i 2 1A% R ) 2 S IR T U B A H R WIS A0 (L {EL 2 A B
FNSA LT AR A A e - (1) 545 i) [RIPE G BRAS () CHE AR T4 JoA 045 1) S 1 G L G AR 1) 56 R AP A
PR 5 R, Ry i — AR BROBE T 54 v R 22 AN TP A= W 031 WO B A P 55 A RO 22 Il B o
TR A ARG  DEA T AR AL M E— 20 R S22 SRR B R R A7 Rl 5, O T 2 19 2 il 4 4t 5 o
WARIIETR R, (2) LIBTRTFE R TR SRR AL 0 E LR 5 — TR 23 1 B AR A TR 5 400 » ] e i
TR T A S AR A TR A SR TP B 20 2R B S T T A L 51 ) S 1) JRA B R ) S T o
fERPRAE. SR, T IRGMEFIE AR AR A T B BRI .

4.2 JEP AN TRRE UL TPEEHE B UM
BEH N TR BEBOR A PRIE A R ADCTEHOR S LR SRS S 5o 2 LA U o S R 12



%5 M FrEEEE 45 IR TR T B e 153

W27 AR IS T B ESOR . R ADGIEEOR S S WL o > Sk UK S S JC R = IR 1 T4 5 2 5
PRAUHUE . AR ARSI BOEAT T IR TS F IR RV B ST . RIS = AT
BRETER R BRIy T AT T T T N T RERY ZIE IR TGS U R 2% I B 2 kAT
T LBIGTE, KA 2 LT ILEE T — B4R R (1) TR 551l WOGIE i R 20N AT 1R Rk
25T — AR & W TR S nT LU FH AT A 2% 0 BE T ik » Bl 5 A2 DG BE L 2L SN I B A R T
Yo T B DG SOR WSO BT X SO TR IR IR B 7k (A R E S G . (2) n P fE
L SIS A - NN = RS BRS04 €17 I THEEAE SR K E e i S NPT R (SR e o
A RIF A il (AR RE S AR ST i o el A S IR T P P AR 5 R e 2 B R e BOAS ) B3k, e A I i
85 BE S A RIS i A S (A A& Wole AL IR EE USRI B 2SS D IHRAUR G L T
PO TR 2 P I 00 S5 P 2 B AR DL AR S SRAR RS I R 2K . i FE 2 o0 06 58 8 1l T LA kAT T A
A B i P AN g S B /R S BN B Ll T T 38 s T o1 S 0 Y S B ]

%z % X

(1] BRZR, RWT. By 711 asRkeEaR, 2021,41(1) 141144,

(2] ®HL. SRR, 308, &5 SCTETR2GY . N OB [J ). Kk, 2019, 34(9):12-16.

(3] Z=Jf, WG4, porZ, &5 TR AV ] A0 . 2019(3) : 1-7.

[4] CHEN X, ZHANG S, SHAN X. et al. Derivative chiral copper ([ ) complexes as template of an electrochemical molecular imprinting
sol-gel sensor for enantiorecognition of aspartic acid[J]. Analytica Chimica Acta, 2019, 1072: 54-60.

[5] TIANT, LIUM, CHEN L, et al. D-amino acid electrochemical biosensor based on D-amino acid oxidase: Mechanism and high perform-
ance against enantiomer interference[ J]. Biosensors and Bioelectronics, 2020, 151; 111971.

[6] CHENY T, LIB, CHEN] L, et al. Simultaneous discrimination and quantification of enantiomeric amino acids under physiological con-
ditions by chiral 19F NMR tag[J]. Analytical Chemistry, 2022, 94(22) . 7853-7860.

(7] Tk, skMk, HER, 55 SRR IR L) ], MBI, 2021,41(3) : 1-12.

[8] LIU]J, ZHANG T, TAN Z, et al. Chiral enantiomer recognition of amino acids enhanced by terahertz spin beam separation based on a
Pancharatnam-Berry metasurface[ J]. Optics Letters, 2023, 48(2): 440-443.

[9] SUN X, WANG N, HE Y, et al. Molecule-specific vibration-based chiral differentiation of Raman spectra using cysteine modified gold
nanoparticles: the cases of tyrosine and phenylalanine[J]. Journal of Materials Chemistry B, 2021, 9(35): 7167-7171.

[10] NIE R, BO X, WANG H, et al. Chiral electrochemical sensing for tyrosine enantiomers on glassy carbon electrode modified with cysteic
acid[J]. Electrochemistry Communications, 2013, 27: 112-115.

[11] XIAO X, CHEN C, ZHANG Y, et al. Chiral recognition on bare gold surfaces by quartz crystal microbalance[J]. Angewandte Chemie,
2021, 133(47) . 25232-25237.

[12] LEITE T R, ZSCHIEDRICH L, KIZILKAYA O, et al. Resonant Plasmonic-Biomolecular Chiral Interactions in the Far-Ultraviolet: En-
antiomeric Discrimination of sub-10 nm Amino Acid Films[J]. Nano Letters, 2022, 22(18): 7343-7350.

[13] LEEK T, KIM B, RAJU L, et al. Enantiomer-Selective Molecular Sensing in the Nonlinear Optical Regime via Upconverting Chiral
Metamaterials[ ] |. Advanced Functional Materials, 2022, 32(43): 2208641.

[14] XIAO X, CHEN C, ZHANG Y, et al. Chiral recognition on bare gold surfaces by quartz crystal microbalance[J]. Angewandte Chemie,
2021, 133(47) . 25232-25237.

[15] WEI X, CHEN Y, HE S, et al. Bovine serum albumin-coated titanium dioxide modified electrochemical interface for enantioselective dis-
crimination of D/L-aspartic acid[J]. Chirality, 2021, 33(10); 731-744.

[16] LIF, WU F, LUAN X, et al. Highly enantioselective electrochemical sensing based on helicoid Au nanoparticles with intrinsic chirality
[J]. Sensors and Actuators B: Chemical, 2022, 362: 131757.

[17] TONG L, KUANG X, DUAN Q, et al. Nanofiber Membrane for Chiral Detection of Tyrosine Enantiomer[ ] ]. StarchStirke, 2021, 73
(9/10): 2100112.

[18] LAOJ, SUN P, LIUF, et al. In situ plasmonic optical fiber detection of the state of charge of supercapacitors for renewable energy stor-
age[J]. Light: Science &. Applications, 2018,7(1): 34.

[19] ZHOU Z, YANG Z, XIA L, et al. Construction of an enzyme-based all-fiber SPR biosensor for detection of enantiomers[]]. Biosensors
and Bioelectronics, 2022, 198: 113836.

[20] MANIAPPAN S, DUTTA C, CHERAN A, et al. Engineering copper plasmonic chirality via ligand-induced dissolution for enantioselec-



154 I R 2 2 O R B 2 D

[21]

[22]

(23]
[24]

[25]

tive recognition of amino acids[J]. Chemical Science, 2024.

CAI H, WU Y X, LU Z, et al. Mimicking DNA Periodic Docking Grooves for Adaptive Identification of I-/d-Tryptophan in a Biological
Metal-Organic Framework[]]. Journal of the American Chemical Society, 2022, 144(22); 9559-9563.

ZHANG X M, BAT Y M, AI L L, et al. A Chiral Metal-Organic Framework Prepared on Large-Scale for Sensitive and Enantioselective
Fluorescence Recognition[ J]. Molecules, 2023, 28(12): 4593.

B U BOO S — A T B XK POGE BRI U E R ER LT . WK A i (A SRR RO 5 2023, 36(3) : 96-110
HOU X, SONG J, WU Q, et al. Chiral carbon quantum dots as fluorescent probe for rapid chiral recognition of isoleucine enantiomers
[JJ. Analytica Chimica Acta, 2021, 1184; 339012.

XU C, REN Z, ZHOU H, et al. Expanding chiral metamaterials for retrieving fingerprints via vibrational circular dichroism[]J]. Light:
Science & Applications, 2023, 12(1): 154.

[26] WU X, XU L, MA W, et al. Propeller-like nanorod-upconversion nanoparticle assemblies with intense chiroptical activity and lumines-

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

cence enhancement in aqueous phase[ J]. Advanced Materials, 2016, 28(28): 5907-5915.

FISCHER B M, WALTHER M, JEPSEN P U. Far-infrared vibrational modes of DNA components studied by terahertz time-domain
spectroscopy[ ] J. Physics in Medicine & Biology, 2002, 47(21); 3807.

ZHOU T, WU Y, CAO J, et al. Research on the terahertz absorption spectra of histidine enantiomer (L.) and its racemic compound
(DL)[J]. Applied Spectroscopy, 2017, 71(2): 194-202.

SHI W N, FANF, ZHANG T R, et al. Terahertz phase shift sensing and identification of a chiral amino acid based on a protein-modified
metasurface through the isoelectric point and peptide bonding[ J]. Biomedical Optics Express, 2023, 14(3): 1096-1106.

ZHANG Z. ZHONG C, FAN F, et al. Terahertz polarization and chirality sensing for amino acid solution based on chiral metasurface
sensor[ ] ]. Sensors and Actuators B; Chemical, 2021, 330: 129315.

SHI W, FAN F, MA L. et al. Terahertz chiral enantiomers recognition via chiral selective bio-molecular film on anapole metasurface
sensor in water environment[J]. Optics & Laser Technology. 2023, 162: 109274.

LANGER ], JIMENEZ DE ABERASTURI D. AIZPURUA ], et al. Present and future of surface-enhanced Raman scattering[J]. ACS
Nano, 2019, 14(1). 28-117.

SUN X, WANG N, HE Y, et al. Molecule-specific vibration-based chiral differentiation of Raman spectra using cysteine modified gold
nanoparticles: the cases of tyrosine and phenylalanine[J]. Journal of Materials Chemistry B, 2021, 9(35): 7167-7171.

LEONG S X, KOHCSL, SIMHY F, et al. Enantiospecific molecular fingerprinting using potential-modulated surface-enhanced Ra-
man scattering to achieve label-free chiral differentiation[J]. ACS Nano, 2021, 15(1); 1817-1825.

ALEXANDER C, ANDERSSON H S, ANDERSSON L I, et al. Molecular imprinting science and technology: a survey of the literature
for the years up to and including 2003[J]. Journal of Molecular Recognition: ah Interdisciplinary Journal, 2006, 19(2): 106-180.
ARABI M, OSTOVAN A, WANG Y, et al. Chiral molecular imprinting-based SERS detection strategy for absolute enantiomeric dis-
crimination[ ] ]. Nature Communications, 2022, 13(1): 5757.

SAUERBREY G. Verwendung von schwingquarzen zur wigung diinner schichten und zur mikrowagung[ ]J]. Zeitschrift Fiir Physik,
1959, 155: 206-222.

GUTSCHE C D, DHAWAN B, NO K H, et al. Calixarenes. 4. The synthesis, characterization, and properties of the calixarenes from
p-tert-butylphenol[ J]. Journal of the American Chemical Society, 1981, 103(13);: 3782-3792.

YUN Y, GELLMAN A ]. Enantioselective separation on naturally chiral metal surfaces: D/L-aspartic acid on Cu (3, 1, 17) R&S sur-
faces[J]. Angewandte Chemie International Edition, 2013, 52(12): 3394-3397.

DU J. XIE F, LIU C. et al. Chiral zinc oxide functionalized quartz crystal microbalance sensor for enantioselective recognition of amino
acids[J]. Talanta, 2023, 259: 124496.

YAO W, LIS, XIE L, et al. Chiral recognition of tryptophan enantiomer based on the electrode modified by polyaniline adsorption bo-
vine serum albumin complex[J]. Chirality, 2023, 35(2): 129-144.

PEI H, WANG J, JIN X, et al. An electrochemical chiral sensor based on glutamic acid functionalized graphene-gold nanocomposites for
chiral recognition of tryptophan enantiomers[J]. Journal of Electroanalytical Chemistry, 2022, 913: 116283.

YUAN S, TAN L, ZHAO L, et al. Chiral ru-based covalent organic frameworks as an electrochemiluminescence -active platform for the
enantioselective sensing of amino acids[J/OL]. ACS Applied Materials & Interfaces, 2024.

WA K2 FEA P T HGIBTSE D], U5t AL RtliRHL 2, 2023,

(GLAT G4 - X PR



