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IR Y, LLADERE s NHS b N—H 4R IRSI A LIRS LU . 3R W1 NHE A5 el ik (7] ) A B
FHSAEAE o Chen %81 1L T 1) B8 7 SR I B3 ( GIB-MS ) K BRI THHE, % 18-7-6 5 5 Fh & S 351
TR S G AT ST, A DU kS IR A 25 5 5 RO B 1 232 A 58 i i/ o T 5 el B 5 2% ol
TAERR A A A HIA SR 55 0 T AR 22 IR 25 W 0 0 i , LA R e it 8 1] 245490 77 T 4 17 PH R EL A AR B
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ULAESR , B T H AR R JiE , FBE 25 i O 2 A B S A B A ) — Rl A iy TR
ABIFEAELL 18-76-6 9 UFE, SR AT HUE 25 L 8 ok ( ESI-MS ) B Sk b Xt 20 i L B SR 28 ZER Y AR 3L
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IR (Arginine , Arg) | L-2H % iR ( Histidine, His) | L-TN % 2 ( Alanine, Ala) | L-% N % /2 ( Phenylalanine
Phe) L-f& % & ( Tryptophan, Trp) . L-%l & f& ( Valine, Val ) | L-5¢ 2 R ( Leucine, Leu ) | L-5F 4% & &
(Isoleucine, Ile) . L-ffi % iR ( Proline , Pro) \L-f5 % X ( Methionine , Met ) . L-[i%Z 2 ( Tyrosine , Tyr) \L-22 & R
(Serine, Ser) \L-#7 2 ik ( Threonine , Thr) | L- . 212 ( Cysteine, Cys) | L- K2 % ik ( Aspartic acid, Asp) .
L- KA MR ( Asparagine, Asn) | L-7% & R ( Glutamic acid, Glu) F1 L-7% & Bt I% ( Glutamine , Gln) 2 {19
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FaNE 2 Fr R, m/z 264. 6,282, 1 F1 430. 2 [ WX i T8 7 [18c6 +H]* [ 18c6 + H, 0+ H ",
[18c6+L-Phe+H 1", HHULT I, 18-5-6 15 L-Phe b il LRk E 1) AL & He R 101 ARSI R 59,

1007 A [18¢6+H,0+H] 1007 B [18c6+H,0+H]
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Fig.2 Mass spectra of 18-crown-6 (18c6) mixed with L-Phe in different molar ratios; (A) [18c6]: [ L-Phe] =

1:2.5 (B) [18c6]: [ L-Phe] =1:1. Inset in B is the high resolution mass spectrum of peaks around m/z=430
3.2 BERESER

X[ 18c6+L-Phe+H | *7EFT:.L> A FRfiE 72 ( Center of mass frame collision energy,E.,) A 1.2 eV T 4T

FE 5 T 5 A5 SIAORE R AN 3 R, [18¢6+L-Phe+H | " & AEMRES , F 57 m/289.0.133.2.166.3
177.3 F1265. 1 BEF 8T, H m/z265.1.177.3 .133.3 .89. 0 A %0453 5 2 /R [ 18c6+H-nC,H,0]"

(n=0.2.3.4) BT, m/z 166. 3 K J5i i 6 N 100[ l-Fhestt) P
[L-Phe+H]'. 73 kMBI ERA BT M | w4304
AAEWTAEIEDT CID B, 52 A9 v ) 2 3 1R 5 i ik <

S5 ML S SRS BT | R el Tk PR 4R Y : 6or

PR AR CID JEik$0 7 18-7-6 5 L-Phe s0f -

HO%5 4 (0 5. ¥ 18-506 42 M5 L-Asp L-Lys, = s M2

L-Phe Ml L-Tyr U 1: 1 ffb2zit i lUIR A #E1T 6l = 2 e 800 M 1332 ‘

VG S 25, TV B 90R JE 48 E Jt F 728 1 B Qe
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L A B 0 ( By ) B 18-56-6 5 X0 o f |
EILTRIE 10 & WO R 2 . [ 186 +1-Lys + €3 [18c6+L-Phe+H ]| 1E E o =1.2 eV T BB F T E
H] AR 50% i | (Egys) EElij(, B[ 18c6 +L-Lys Fig.3 Collision induced dissociation ( CID) mass spectrum
+H ] s Hﬂlﬂjﬁf%ﬂ, 3k 4 R LR X of the complex of 18¢6 with L-Phe at 1.2 eV in the center of
18-76 (03 FIFE R L-Lys. L-Phe. L-Tyr, L-Asp o
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FORTVEIER) 18786 5 LPhe R4 fERHRA e

J5 18-58-6 Bk B 43 1 0. 02 .0. 04 .0. 06 ,0. 08 FI = 60F LT
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YRR (1) (2) () TTBEIR 1, ol i
SRR LS EIRERE 525155 LTyr L-Lys L

I L-Asp K53 D RIS IR EE & HE(F 2) ., 00 05 1.0 s 20

A 4 AL BT E RS E R AT, Ear (eV)

—FL;U éi;;ﬁ;g;;)%e A LTye B — i, ol 2 K4 1856 4345 L-Asp L-Lys .L-Phe FI L-Tyr J&

> ° LB B 4 B 3 R Bl R S 1 B

A7 = R S . M= AN
4 18-57i-6 5 L-Phe FZEE/R L 1:1 1R A , PIFRY) Fig. 4  Normalized percentage of the intact complexes
J3H) 400 i % S5 31 290, 10 mmol/ L., 52 B Ji 114 J5i 3% ] plotted against collision energy of mass frame

Tl FERN ST 18966 5 L-Phe IS5 H 4L
Table 1 1gK, of 18¢6-L-Phe by electrospray ionization-mass spectrometry ( ESI-MS) titration

18E6IKE LA [18c6+H )tk (18c6+HLOI W s pmis . A
[18¢6] (mmol/L) [L-Phe] (mmol/L) I, (10%cps) [H+H20( 10%cps) Ty (10 cps) ! 1gK,
0.02 0.10 1.34 14.04 9.10 0.36 3.81
0.04 0.10 1.44 14.14 9.36 0.36 3.85
0.06 0.10 1.22 14.40 9.96 0.39 3.92
0.08 0.10 1.98 14.38 10.18 0.38 3.95
0.10 0.10 2.26 15.6 10.42 0.37 3.97
S Average 3.90
J72: SD 0.07
AR 22 .
RSD( % ) :
F2 4AFSIY T 18-5E-6 ML G H 4L #3  L-Phe L-Tyr L-Lys Fll L-Asp 5 @ BHE LAY E &Y K
Table 2 IgK, for the complexes of 18¢6 with reference amino ¥ & -Ig A% oz il 2k
acids Table 3 Linear equations for the complexes of 18c6 with
SRR LAk SRR Loy L-Phe, L-Tyr, L-Lys and L-Asp
Amino acid leK, Amino acid lgK, SR R A AR
L-Phe 3.90 D-Phe 3.99 Amino acid Linear equation R?
L-Tyr 3.75 D-Tyr 3.62 L-Phe y,=4.57x10""x+8.72x10° 0.994
L-Lys 4.06 D-Lys 4.01 L-Tyr ¥, =9.61x10"x+3.16x10° 0.997
L-Asp 3.64 D-Asp 4.08 L-Lys ¥, =3.09x10"%+2. 77x10° 0.998
L-Asp yqa=1.21x10"x+1.43x10° 0.994

WESA fros, Ml AR 4 =8 (1) . (2) AI(3) #EH 5 Fhiab o fild R ARKELRM L,
[1806+L—Phe+H] W?I’\J%Zfﬁﬂiﬁgj\j 3 72%10° mol/L. Note: Thesubscript a, b, ¢ or d were symbols representing different
] B KF18-7£-6 | L-Phe FlIL-Met4% BE /R HE1: 1: 1
RA, BRI BRI AL 0. 10 mmol/L, I N J5 i BTl 4n 18 5B iR, A [ 18c6+L-Phe+H]”
IR T 1.04x107 cps (I 5A) FRES]0.99%107 cps (K 5B) , B Al #E A L-Met J5 [ 18c6+L-Phe+H | *
(- BEAE A 2.65x107° mol/L, H38(6) AT 735 [ 18c6+L-Met+H | * 1 F- ¥ i 4 3. 12107 mol/L,
N [18c6+H] " MI[ L-Met+H ] * P £ nl th 30 (4) L (5) #2127 ) SKAH18-7E-6 55 L-Met
LSS H B 1gK, =4.04, [RIHE, 18-7E-6 5 H BN L-BEIEMeH D B SRS H BT 4 %,
M2 FIER 4 o0, 78 L RVESEIR P, Btk 2 3 1R DL R A B8 2 it o 35 ( sl ST ) 1 B 6 1R Xof
18-E-6 By E M Sk, BRI, k2 5 TP Y L-Lys L-Arg  L-His 5 75 Bk 1945 &8 8000 0 4. 06
4.09 F13.93 , HA ] SR SR LA AN 1k — 2 5L FH Ot P 0 V-t 22 25 T R el Tk 5 22 2 1] 1Y) T

equations.
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- e [18c6+L-Met+H[" 4303
2 1.2F [18c6+L-Phe+H] 2 1.2F 4142 \
& 430.5 \ Gy /
= 1.0r = 1.0
X 08k X o8-
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E 04 654 E 04
0.2- L 0.2
0.0l . m}t . sl L ) 0.0 [N TR TS R ) L |
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m/z m/z

K5 (A)I8-5E-6 Fll L-Phe FZFE/RLL 1: 1 {RA 5 RIS AL, (B) 18-7E-6 L-Phe Hl L-Met #&FE/KLE 1:1: 1
RA G r Bk Kl
Fig.5 Mass spectra of the host-guest system for the complexes of 18c¢6 (‘host) with the reference guest
L-Phe (A), and with the reference guest L-Phe and the second guest L-Met (B)

H4 TAIE EINR 18-56 SRR A

Table 4  Binding constants for the complexes of 18¢6 with amino acids using the competitive ESI-MS method

AR EARE IR EARERR IR EAREN iR IR EARE
Amino Acid gk, Amino Acid 1gK, Amino Acid lgK, Amino Acid 1gK,
L-Trp 4.04° D-Trp 4.00° L-Cys 3.80" D-Cys 3.88"
L-Ala 4.11° D-Ala 4.00° L-Asn 3.34" D-Asn 3.69"
L-Val 4.01° D-Val 4.00° L-Gln 2.93% D-Gln 3.28"
L-Leu 4.10* D-Leu 3.93* L-Ser 3.50" D-Ser 4.06"
L-Tle 3.84° D-Tle 4.00° L-Arg 4.09¢ D-Arg 4.07°
L-Pro 3.17¢ D-Pro 3.15° L-His 3.93¢ D-His 3.97¢
L-Met 4.04° D-Met 4.08° L-Glu 4.014 D-Glu 3.99¢
L-Thr 3.36" D-Thr 3.45% Gly 4.12b

VE: Fhfalbc fil d FR ARG EILRAAL (58 3 5 3UHIR)
Note: The subscript a, b, ¢ or d are symbols representing different equations, which is the same as in Table 3.
D785 o X SEERE S AP B s 1 LA IR T, L-Leu X TREBEAY S5 FITE LE L-Ala F1 L-Gly %, 7] REPH Ay M5
H S TR A TR

L-Pro 555l ik () 255 % 80 (1gK, = 3. 17) AR, v] RE Y B R 26 T V- () W 14 &5 4 il HEAS 5 155 e Tk 485
&0 MRTEREER YT, L-Clu S5EBFEE S AT (1gK, =4.01) KT L-Asp(1gK, =3.64) , [y L-Glu il -
(R BRI B V- G LA , W 0N SR AR, AR SER v, L-Ser 1 L-Thr X 5ed ik 11 5 A1 A1, 4
M2 N-siad 3 T 0 RUR TS5 00 6E B 638 A9 SRR I AL T 2 F I & 5 30 TR Y X LA
PEBOE R s L-Asn 3% L-Gln 5 6k 945 65 B0 20 R m b AR, vl BE A BT r M sE - 5 W
TR

BEA, T 5 ik the 2 o B 6 1 R e Mk 1) 45 5 5 B0 KNP A B, Chen 2507 Y S B0 285 21
FB FEB I IR T, L-Lys XF 18-78-6 A4 25 A ok, B L-Lys 5% JE 09 M4 2 sed ik 5 B 1 o sl 2 Ik 2k
Yy 25 A5 A U0 A5, 5 Gly Kb el Bk 0 S A die it | B Fb e S SRR 0N B 1 i 2203, L V-3 i &L T 5
5Bk B, Chen 256 AR R O 18-76-6 HA = H X AR (D, ), HA5 s R A3, it A AL T
3 4~ N-H+ ---Off &, 1 ek el IL i) NHS BEARAE , Bl X NH AR AR T, Yo %7058
WG E AT 18-7E-6 5 Trp BIAS G H A (1gK, =2. 19) T AHFFEIMFHE (1K, =4.04) , XZEHH
ESI-MS 2 s e /], M55 5 K Ve, RO i ESI-MS A5 (R 25 4 BOK T it 28 ek 4545

Mz HEIERRMNEE b A IEFA AR, IR X 18-7-6 AR MMt AR, W, ME MR EA 214

—NH, B EMEERT BX ek i) 5 AR s B, DR I —NH, - S5k Ee A 7 K 6

Fis .

H12¢ 2 RN 4 38 0] BB, T 2L WA IR i 25 (M 454 125 5% el 1 B SL R i s At



278 o B Ak 2 %46 &

NP HSEFR B S5 R I A —2, #an, D-Phe f%5E I ?
FR IS IR T I8N T N-dity 2 FE 5 el ke 45 s NH@
BIREBEL, P D-Phe 15 18-5EE:6 045 2 3 H (1K, = ~ ’
3.99) B KT L-Phe S5k 45 55 40 (1gK, =3.90) . QO ?
Usacheva 257" 25 % B PR RIT T L-Phe 5 CO ob (

6 05 A PTRAE 4 B R VR AL L R
Phe 5 18-5i-6 & AWy Fe e Mt & 7= £ fE i, #E 7K
MOBER AR /&S O B AR TESY
FFR R A A B A A
3.4 18-78-6 Xf L RIS EER K HRMEAEE N

SEREXT L B IERR S K D RS R FAE R B RE Jy nl i Pk Bk (R, ) 27 i A AR
wr.

El6 18-7-6 5 —NH," WG
Fig. 6 Structure of 18¢6 binding with N-alkylammonium

cation

I
R — L-complex ( 8 )
g 118('6
T compy
R = iomp ex ( 9 )
! 1 18¢6
R
Reia = R7L (10)
D

FRIE R o H /IS R LA P ) 2 T X 2 R R S AR AR 1) TR BE T < R TR 5 1, SRS TR 11 -1
FON e Rz, TR RE ) s
1 18-5£-6 435 5 L-Asn D-Asn EFE/RIR G 5 2B BUG WK 7 FooR, 456 20(8) M (9) A
R,(0.18)F1 R,(0.35) M, 41 =X (10) 155 18-7-6 XF L-Asn 1 D-Asn By FrEESEME R, =0.50,

1001 A [18¢6+H,0+H[* 1001 B [18c6+H,0+H]*
282.1 282.2

:\5 80 g\; 80+
= =
T 60F | T 60F (186 [18¢6+D-Asn+H]*
5] [18c6+H] g 265.2 397.3
R 265.2 £
o 40r o 40fF
= [18c6+L-Asn+H]* Z
= 398.3 =
= 201 < 20f

0 bl LT (e I | 0Ol ol LJ'LILM al I bl |

200 300 400 500 200 300 400 500

m/z m/z

Bl7 1856 5 (A)L-Asn FlI(B)D-Asn #EEIRLE 1: 1 IR A5 (Y FTIE ]
Fig.7 Mass spectra of complexes of 18c6 with (A) L-Ser and (B) D-Ser at molar ratio of 1: 1
18-JE-6 %] 19 Fh RAR A FEMR 1Y X W S A AR A TR AN 3R 5 s, 18-56-6 X th R & BRI R,
ZARES 1, B4 Asn Gln Ser F1 Thr Y R, 5354 0.50.0.45 .0.57 F10. 72, F Wk ] R 5]5x 4 Fhagd ik
2 1 S AR A s (BN T PE 2 B2 L, R = 1, B SEEBE AR TV 1R 50 Lys | Arg 1 His 5 X T 22 850 0 A A 1 22

£S5 18-5E-6 X L AUF D RYEEERR ) TEE PR
Table 5  Chiral selectivity (R,;.,) of 18c6 with L-and D-amino acids

AR THERE R HILIR THERL R AR FHERE AR THERL R
Amino Acid R il Amino Acid R il Amino Acid R pival Amino Acid R il
Ser 0.57 Tyr 1.23 Ala 1.06 Arg 1.01
Thr 0.72 Phe 0.93 Val 1.00 His 0.98
Asn 0.50 Trp 1.02 Leu 1.01 Asp 0.75
Gln 0.45 Pro 1.10 Met 0.96 Glu 1.02
Ile 0.59 Lys 1.10 Cys 0.89
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FEFR (U0 Phe [ Trp \Ala Val) , e i U ARXEPUR] 5 (ER  NIRAT A B8 v I oK & R 1k 28 L IR i A DG R
KL, 18-5e-6 L AE TR — B 73 it 2 JE e i T A A

JUEUN I, 50 5 Pk 77 A W B AT T o D) BB DR R i ek Bk 25 Ak A W X T 1 W R 1R N R
jj[z4,25] i

4 Fi

ABEFEA I ESI-MS #1581 185 k-6 F1 20 Fh K AR G HE IR Z 18] (Y AE LA AR EL AR . 45 2R 3R 1,
18-Je -6 5 FAEM B AL A oy 121 AR 5, i £ 5 &5 L —NH, i
BET S A5 S L B SR, Oy ek (U1 ) O 8 RE TR | B 2 TR 0 el i 1 53 AR
5 o TR, S0 2 e i A RE U0 0 v 1k S e i S L Sy 1A

PUTEABT AR L, GRSt S 2 IR A5 3 15 00, WS R AT A it 5 AR 4 &
AU, o m] LR 28 i RS AN [R] ) red F el e B AT A -5 SRR AT AR D B A A I 0, LI R T kR 1
I L W 24 R AR TR ) R AR B S
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Investigation of Non-covalent Interactions of 18-Crown-6 with
Amino Acids in Gas Phase by Mass Spectrometry

WU Ruo-Fei, HUANG Yan-Dong, CHU Yan-Qiu", LIU Zhi-Pan, DING Chuan-Fan"
( Department of Chemistry, Fudan University, Shanghai 200433, China)

Abstract The non-covalent interactions between 18-crown-6 (18c¢6) and 20 common types of protonated
amino acids were explored by electrospray ionization mass spectrometry ( ESI-MS). The mass spectra showed
the formation of 1 :1 stoichiometric non-covalent complexes between 18¢6 and amino acids. The calibration
curves and linear equations for the complexes of L-Phe, L-Tyr, L-Lys and L-Asp with 18c¢6 were established by
mass spectrometric titration and used as reference values for competitive ESI-MS. Through competitive
equilibrium, the binding constants for the complexes of 18c6 with other L-amino acids and their D-isomers
were derived. It was found, as a general trend, 1gKa for the complexes of 18¢6 with the basic amino acid and
the amino acid with alkyl side chain were larger than other complexes, and among the amino acids with alkyl
side chain, Gly and Ala exhibited greater 18¢6 binding affinities. As for Ser and Thr, the intramolecular

hydrogen bond between the nitrogen atom from terminal —NH, and the oxygen atom from carboxyl may

impede their protonated amino-group to attack the 18c6. Furthermore, Gln and Asn exhibited lower 18¢6
binding affinities probably due to effects of electron-withdrawing group of acylamide. Finally, the chiral
selectivity of 18¢6 for 19 L-, or D-amino acids was measured by ESI-MS, indicating 18¢6 could only recognize
some neutral amino acid isomers.
Keywords 18-Crown-6; Amino acid; Electrospray ionization mass spectrometry; Non-covalent binding
affinity
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KRR RS B RS ER Jeff Mazzeo 7R« “ BENE 5 T /R SCIALA R RE A1 37 4l 385 T 0 v B 5 A9 43 R AEMERTT, IR
R RIE O R4 B U Sl FRATTRE AR GV Ry 320, B 5 T DAL B B A U B RE 27 AT 92 0 o b7
Hiz.”

RSB BRI R Steven Horder 673 ; Ty R SCIAZNBME ¢ 3 ik 5 IR F7 A 7 4 4, il OMNISEC RE-
VEAL Sedb il 2885l 8 40 B3 B |3 3 B AR I APC RGN S8 Y, o /0 R L m R US RY Btk m i, &
TG X EA S RGN HTRES —ERELIF A B, FOA EA A KRB GG R G 4a vk 6 | fE
g I T M R T BE S AR A . IR APC 5 TR SO MR OMNISEC REVEAL SRIRIES , MBS WK
W BTF TR 55, 1A B &tk B S Hh AR P 7=



