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Abstract Coupling or condensation reagents that could be used to promote the condensation of carboxylic acids with
amines to furnish amide bonds play crucial roles in solid phase peptide synthesis (SPPS) of peptides and peptide-based deriv-
atives. Compared with traditional coupling reagents used in SPPS such as 1-hydroxy-7-azabenzotriazole (HOAt) and
1-hydroxybenzotriazole (HOBt), the novel N,N'-diisopropylcarbodiimide (DIC)/ethyl 2-cyano-2-(hydroxyimino) acetate
(Oxyma) condensation system has advantages of inexpensiveness, safety, high coupling efficiency, low racemic rate, and
compatibility with manual and automatic peptide synthesis represented by microwave-assisted SPPS. However, the effects of
different reaction temperatures (e.g. 28, 50, and 75 C) on the coupling efficiency of DIC/Oxyma and on the easily oxidized
amino acids such as methionine (Met) remain to be further investigated. The transient receptor potential ankyrin 1 (TRPA1)
channel plays an important role in temperature perception, auditory perception, and inflammatory pain. As a novel
non-covalently TRPA 1-specific agonist, Wasabi Receptor Toxin (WaTx) that consists of 33 amino acid residues and two pairs
of disulfide bonds is considered as an important molecular tool to study the opening mechanism and function of TRPA1. In
this study, 2-(6-chloro-1H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminiumhexa-fluorophosphate (HCTU)/N,N'-diisopropyl-
ethylamine (DIEA) and DIC/Oxyma condensation systems were separately utilized to explore the synthetic efficiency of
linear WaTx and the oxidative degree of Met residues at different temperatures. The robustness of DIC/Oxyma condensation
system was validated by the rapid manual synthesis of linear WaTx. The one-step and two-step oxidative folding strategies
were separately applied for the construction of two pairs of disulfide bridges, affording the active WaTx, which was further
confirmed by circular dichroism and calcium fluorescence assay. In this study, a moderate, efficient synthesis and renatura-
tion folding method of WaTx was established. Moreover, the effects of different reaction temperatures on the synthetic effi-
ciency of DIC/Oxyma and on amino acid residues oxidization were compared for the first time. From the aspects of reaction

E-mail: shanshandu@qust.edu.cn; qiyunkun@qdu.edu.cn

F:[7) % —1F # (These authors contributed equally to this work).

Received December 24, 2021; published February 15, 2022.

Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.

Project supported by the National Natural Science Foundation of China (Nos. 21807063, 82003647, 22177058, 81870653).
[ [ SRR} 225 4 (Nos. 21807063, 82003647, 22177058, 81870653)F B H .

- %

444 http://sioc-journal.cn © 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2022, 80, 444—452



F F R

efficiency (represented by the timescale of the overall Fmoc deprotection-washing-amino acid coupling SPPS cycle), amino
acid residues oxidization and synthetic cost, n(Fmoc-amino acid) . n(DIC) : n(Oxyma)=3 : 6 : 3 under 50 C should be the
ideal reaction condition. This work provides both an imperative complement for SPPS and a particularly useful strategy for
the manual efficient synthesis of disulfide-containing peptides with easily oxidized groups.

Keywords N,N'-diisopropylcarbodiimide (DIC); oxyma; solid phase peptide synthesis; disulfide bond; oxidative folding;

Wasabi Receptor Toxin (WaTx); peptide toxin
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Figure 1 (A) The structures of HOBt and Oxyma. (B) The amino acid sequences (left panel) and structure (right panel, PDB: 60FA) of scorpion toxin
WaTx. (C) The synthetic route of linear WaTx. (D) The one-step oxidative folding strategy for the linear peptide. (E) The two-step oxidative folding strat-
egy for the linear peptide with 2,3-Cys protected by the acetamidomethyl (Acm) group
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Table 1 The synthetic strategies for linear peptides 1~8
Linecar Reaction . . Retention time/ The oxidation ratio HPLC Isolated .
peptide‘ temperature/'C Condensation system’” Resin type min of Met”/% purity/% yield/% Yield/mg
1 28 n(Aa) . n(HCTU) : n(DIEA)=3 { 2.8 ! 6 Rink Amide AM 20.9 24 34 28 54
2 75 n(Aa) : n(DIC) : n(Oxyma)=3:6:3  Rink Amide AM 20.9 63 19 13 25
3 75 n(Aa) : n(DIC) : n(Oxyma)=3 .6 :3 Wang resin 19.6 74 41 36 70
4 28 n(Aa) : n(HCTU) : n(DIEA)=3 : 2.8 . 6 Rink Amide AM 21.8 Not detected 26 18 34
5 75 n(Aa) : n(DIC) : n(Oxyma)=3 16 :3 Rink Amide AM 21.8 Not detected 6 2 4
6 50 n(Aa) : n(DIC) : n(Oxyma)=3 16 :3 Rink Amide AM 21.8 Not detected 10 3 6
7 50 n(Aa) - n(DIC) : n(Oxyma)=3:6:3 Rink Amide AM 20.9 24 35 27 52
8 50 n(Aa) - n(DIC) : n(Oxyma)=3:6:3 Rink Amide AM 22.4 20 42 36 72

The synthetic method, RP-HPLC purity, the oxidation ratio of Met and isolated yield for peptides 1~8. Note: “Aa: Fmoc-amino acid. One molar equivalent of Rink
Amide AM resin (for peptides 1, 2, and 4~8) or the Wang resin (for peptide 3) was applied as the solid support. * The oxidation ratios were determined based on the
peak area of the oxidized by-products and target peptides. “ The amino acid sequences of peptides 1~8 were provided in table S1. The four Cys residues in linear
peptide 1~7 were coupled by Fmoc-Cys(Trt)-OH. For linear peptide 8, Fmoc-Cys (Trt)-OH was used for 1,4-Cys coupling and Fmoc-Cys(Acm)-OH was used for
2,3-Cys coupling.
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Figure 2 Analytical RP-HPLC and ESI-MS spectra of crude and purified peptides (A) peptide 1, (B) peptide 2, (C) peptide 3, (D) peptide 4, (E) peptide
5, (F) peptide 6, (G) peptide 7, and (H) peptide 8

The amino acid sequences of peptides 2' and 3' were provided in table S1. RP-HPLC conditions: a linear gradient of 10%~60% buffer B (0.08%~0.1% trifluoroa-
cetic acid (TFA) in CH3CN) in buffer A (0.1% TFA in water) over 30 min (10% for 2 min, then 10%~60% for 30 min) on a Vydac C18 column, 1=214 nm

(o) Crude peptide
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Figure 3 Analytical RP-HPLC and ESI-MS spectra of oxidative folding process of peptides (A) peptide 1, (B) peptide 2, (C) peptide 3, (D) peptides

4/5/6 (the mixtures of peptides 4, 5, and 6), (E) peptide 7 and (F) peptide 8

(A) (a)~(b) The RP-HPLC spectra of the folding solution for peptide 1 at 0 min and 12 h. (c) The RP-HPLC and ESI-MS spectra of purified peptide 9. (B) (d)~(e)
The RP-HPLC spectra of the folding solution for peptide 2 at 0 min and 12 h. (f) The RP-HPLC and ESI-MS spectra of purified peptide 10. (C) (g)~(h) The
RP-HPLC spectra of the folding solution for peptides 3 at 0 min and 12 h. (i) The RP-HPLC and ESI-MS spectra of purified peptide 11. (D) (j)~(k) The RP-HPLC
spectra of the folding solution for peptides 4/5/6 at 0 min and 12 h. (1) The RP-HPLC and ESI-MS spectra of purified peptide 12. (E) (m)~(n) The RP-HPLC spectra
of the folding solution for peptide 7 at 0 min and 12 h. (o) The RP-HPLC and ESI-MS spectra of purified peptide 13. (F) The analytical RP-HPLC spectra of two-step
oxidative folding process of peptide 8. (p) The RP-HPLC spectrum of the folding solution for peptide 8 at 0 min. (q) The RP-HPLC and ESI-MS spectra of purified
peptide 14 with one disulfide bond (observed mass of 3997.76 Da, calculated 3998.53 Da, average isotopes). (r) The RP-HPLC and ESI-MS spectra of purified pep-
tide 15. RP-HPLC conditions: a linear gradient of 10%~60% buffer B in buffer A over 30 min (10% for 2 min, then 10%~60% for 30 min) on a Vydac C18 column,

A=214 nm. The amino acid sequences of peptides 9~15 were provided in table S1
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PR E M E, 12 h AR . BEA—IRE
T BAFAERSTC AR, Pt DAA AR F M A 4 8 77
SCHL WaTx (PSS Bk E AT B s 1 Ja 1
K;[Fe(CNg)], fE 45 min WAYEEEE —XF —hidd. 20t RP-
HPLC 73 B4tk fg, (8 HMEEAT Acm SRR DL 2L 28
TN R AR . B N AR B A B AE 15 min N 5E
B, 4r#Hr 8 RP-HPLC 3B, Ik 9,10, 11, 13 F1 15 fE & 1%
W s i (B m T 70%) A S cR (X m T
30%, # 2)EAHBEZER. K 12 MEIEAENA 29%,
SIEBCRICA 13%. SVESIIRR, ¥ Met XA Nle,
FAi T WaTx I E TS,
2.3 WaTx BRigEFAE &t

RP-HPLC A1 ESI-MS #FH, SMHE/ESS] WaTx
(9~13 F1 15t iE Al fE KT 95%. Ik 9. 10, 13 F
15 JLiERE, RP-HPLC i B HA — /Nl (i alifig K
T 95% (K 4A). A —ti%(CD)E M, ik 9~11.13 1 15
1) CD #EEE A REER, ST NG WaTx 1) CD i
Pt —a", R [ A O VR AR M B g 48 ]
P WaTx MOIERHTS. Ik 11 F1 12 /9 CD it 5 e
TP EIRIEA Z 5, W Met MU4E 6T BE 15 40 LA K
Met RAFKL Nle #RARERLM WaTx HI45H). ikt 15
SR G20 CD W EIA BE 2R, Ui misx
FYeFE WaTx HISEHE DA AT, BREGHERR 1 BAAE,
HEgMHhs 2 KT o8 Lt %, BS5aA

F2 WaTx (B 9~15)EMIT B OELEE . 7 BiE J ESI-MS $#F

OB ) — IS FE R, F s
2.4 WaTx 895E M E

T I 9 S T VI S AN TR B VE AV R T B R
&3 %) WaTx %t TRPA1 EI& I sERA A 5). LLEE
T H,O 1E MBI PEXTIE, TRPAL [4F S M 3 7 S 0 5 %
I IR (AITO)ME N FHPEXT R, 7E3RIA TRPAL J@IE K
HEK293 4 in AT & 5 M2 Rk, WIS 58
SREE. ZRMERK 1R RS R R K 14 1 RE B D
BN, TIEMRTS RN 2RI T KEREE
THHE 5A). DAk FIASREAS AN R, 2
P B S HIIE 9~13 A1 15 B KSR LS it 2 5
(B 5B). $55¢ 69256 2% ] —RiRAE XS T WaTx 35 2 6
ANAT D). ASTE] B O VAN PR S A 2 ) WaTx (9~
13 F115)E 7] 4 204z TRPA L@, HIETETCH 2 5.

#hig

DIC/Oxyma 4 &1 R 1E ey il [ A 22 Bk A il 75 2
T2, ORI T AR A A v L A 2 KA
HE R R Z MGG R R, ACLUETERZIK WaTx
MR g IR T AN A REIELBE (50 "C A5 °C)Xf DIC/
Oxyma [FHEBIE R LLRST HU ZU IR (Met) 25 2 Sl th 2 3
FRIIRAI . 5% 3 HCTU/DIEA % &1k Z AL, 7E75 C
T, DIC/Oxyma [n(Fmoc-Z 34 HR) : n(DIC) : n(Oxyma)=
306 MR GE A RURR AL R, — AN ERMERK

3

Table 2 The HPLC purity, isolated yield and ESI-MS data of oxidative folding products (WaTx, peptides 9~15)

Oxidation product ~ Precursor peptide ~ HPLC purity/% Isolated yield/% Yield/mg Calculated mass’/Da Observed mass’/Da
9 1 79 47 9.4 3854.34 3853.72
10 2 75 36 7.2 3854.34 3853.72
1 3 76 42 8.4 3871.33 3870.69
12 4/5/6 29 13 2.6 3836.31 3835.85
13 7 78 43 8.6 3854.34 3853.68
15 8 73 31 6.2 3854.34 3853.73

“The calculated mass of the corresponding oxidative folding products. ® The observed mass of the corresponding oxidative folding products.
— Peptide 1 —— Peptide 12
(A) (B) 80, —— Peptide9  —— Peptide 13
] —— Peptide 10 i
0644247 -~ 60 Pzr;tlidz " Peptide 15
S 401 _
4H* _g
1285.5641 < 201
+ £ N B ———
3H g 0 200 210 220 0 240 250
2 -20
T 40\
Fet X -601
400 1000 1800 m/z
-804
8 12 16 20 24 28 32 -1004
#/min Wavelength/nm

B4 (AL, 10. 13 115 AR HT 8 RP-HPLC €43 BRI 70 ¥F ESI-MS Stk B (B)Ik 1. 9~13 A1 15 MFE — ik K]
Figure 4 (A) Analytical RP-HPLC and ESI-MS spectra of peptides 9, 10, 13 and 15 co-injections; (B) The circular dichroism (CD) spectra of peptides 1,

9~13 and 15

The ESI-MS spectrum gave an observed mass of 3853.70 Da (calculated 3854.34 Da, average isotopes). RP-HPLC condition: a linear gradient of 10%~60% buffer
B in buffer A over 30 min (10% for 2 min, then 10%~60% for 30 min) on a Vydac C18 column, A=214 nm.
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Figure 5 The agonistic effect of peptides 1 and 9~15 on TRPA1 channel was evaluated by calcium fluorescence assay
(A) The time courses of calcium influx caused by 5 pmol/L peptides (1, 9~15), AITC (100 umol/L) and vehicle (deionized H,0). Results are representative of 3
independent experiments. (B) Quantification of calcium influx by area under curve. n=3, mean®SD. One way ANOVA. ns, no significance

A R T R A1 208 HCTU/DIEA 468K R 1 45%.
f£ 50 C'F, DIC/Oxyma [n(Fmoc-Z&£/8) : n(DIC) :
n(Oxyma)=3 : 6 @ 3] S SEHE A KL 80%, — M2k
PEIE A R W BT T A1 2008 HCTU/DIEA 45 &K & 1)
50%. £ 75 CF, 62.9%[1 Met 7EA BOLFEH #E 5 1L,
FAFERE 5% 5 T HCTU/DIEA 4i& 1k 2 F Met A4k
FERE. 76 50 CF, 20.9%~22.4%ff] Met £ & R
WiE A, 5 HCTU/DIEA 5618 RN Met IR MFERE K
HREZR BT EIET Met %E4L, 50 T 75 CF
DIC/Oxyma #i & & R 1% A T BUH e 5 8 [ B, i B
DIC/Oxyma i &1 R IR . 5 75 CHILL, 50 CHE
A2 AR A ORGSR AT T, R T
Met S5 BUBR S I TR Y A AL

ACHRFER, 75 CREAHEG BT, Met FII1%5E
kA & AL OE AR, T 38 G Met 756 RO A2 R 4
th, 7E75 CREIAHE BT, B Met 842 Nle & H 25
. ASCHAER T KR WaTx il WaTx S35 4k (Met K48
& Nle) 1) [l A A e S ZET &, ¥ Met 2248 A% Nle 2 5
FRZ G R At A . R, DA E Malifh
S ai AN R, Fah, Rt WaTx RARRK
PR BN ) 5 R ARG WaTx AR BA I 1) A 5 K 22 5.
CD KB M4l )5 WaTx RAEFI K IR WaTx £E4514
FHEZER. B Met RAZAL Nle #2 =il [ A 2 k& &
(18 A8, (BTERET 1% s AR, 45 A RO P 1 B0 IE
RVER. EEEHEIREY, AXHHRH T —IRE
AT B AN R AT B . P AN ST B R 1 e 1S
FIEPE WaTx. BRI AT S SnE T LA OR i
() IERAAL 2, (PR I A A SRS 75 B2 40 i R IR i 7y s 4l
1k B4y BSCRAR T — IR AL T B S

RP-HPLC. ESI-MS. CD LK #5%5% il % S5 s2 06 3%
B, SIS [ B RO VE RN AT S S il 45 1Y) WaTx 78
TREWFEYE ER A REES. BN 3
WaTx 454 5048 DL R 36 P 55 3 ARG, 0 B iR st F
YekF WaTx LM AE S R IE R R EEMEH. A3
HALT WaTx MIPRIEG A E AT & ik, N5
TRPA1 %58 il et E B/ 7 T H. ACHE AR,
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DIC/Oxyma 4 &4 R 2 — Pl . Rl m4i & R4, 6
BN DN B T 30 ANE IR DL AR ) [ AH Gk
ti. 53T HCTU/DIEA %i& 1k R#AHE, T DIC/
Oxyma ] 7 i [ AH 47 & 52 0 v] DR 25 52 5 40 6 0%,
{BAEAE Met 840 X 2 KA USSR B S EAE.
PR R UF FHigE S Met LIS, 25T 50 "CH) DIC/
Oxyma 4 &1 & [n(Fmoc-ZFEFR) © n(DIC) : n(Oxyma)
=316 3R, FIEH T2 K A G R
FHEFZ A . 7 58 BT A SR SR 2 KA R
ACHS AL AN AR DL BB 26, AR SCHIE 9t R [ AH
H CRE R 2 T Bh [ AR G R B A R E 2 IR T
HESFE,

4 SKEERSY

Bl ZRAE K
AWFTEER T 8 2Lk, TEREMA e, 2
PERK 8 19 2,3-Cys # Acm ZEFI R4, 1,4-Cys # Trt 7]
7. RPERE 1~7 B 4 A Cys () 5% 378 [ A7 & o 72
WA Trt FEEIERY. RPERK 1~2 AT 4~8 1 H 9 [ AH
AN Rink Amide AM IR, etk 3 A8 0 [ AR 4t
N Wang #f fIi.
4.1.1 MRS 8 E VAR Fmoc BLAES

KT Fmoc (NV-9-%7 FEAEUHRIE) 1A [E AH 22 JIK & A
D7 S 775 & WaTx. FREL 160 mg i) Rink Amide
AM FHIE(EULE Y 0.32 mmol/g, 0.05 mmol) & T £ ik &
R, FRAEDE— K [NV,N-FIE L2 (DMF) 3 2 1K,
TEHEE(DCM)EE 2 Y%, DMF ¥ 17X, DCM ¥ 1 X, DMF
e 2 k], VAR, NN DMF # &, 28 CIHIRIE T
AR 1 h, PR —IR. HIIANES ) DMF/DCM
(V:v=1:DiEMIE 30 min, FRAETE—IK. IAER
SYBUN 20%HITRIE/DMFE (V@ V=1 : 4T 28 CHE
BIRG AN 5 min, FREVEHIR, B ERIEE,
BN Kaiser IR E0N 80% AT/ LTI, 5%
B =/ BRI (W), TEINIGEAE IR, BiE%
Ll FOINAARAR 53 B0R 20% MR I 14 X
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10 min, ARdESE—IR, T 5 AT 2 IER Y &
4.12 # T HCTU/DIEA % # L8 45 &

45 A5 R RN Fmoc- & 2 8 (3 equiv.)/HCTU (2.8
equiv.)/DIEA (6 equiv.)[) DMF ¥, IR E(Fmoc £
JBiRR). BT 28 CIHEIRIRG #F B 30 min. FRifERE—
R ARPE IR G G FEEE, A8 FH AR Rl R R TR &
%, 28 CHEIEIRG 4 H B 30~40 min. HU>EH
Jig, f8H Kaiser MUK 2028 1 S REFR B, iRt o
NEFT N 20%PIWRNE VSR, 15 28 C R IR R B
5 min, DMF eI, PRI IARFR 53 08 20% 1 IR e
W, 1228 C T MARY A 10 min. ARifEpE—k. b
=M E, HH Kaiser AN Fmoc FIBBRIEH. HE
46 40~60 min. HE FIRAEG 7L, IR ERET
Y BT B R BRAK AR BRI AR .

413 T DIC/Oxyma # R LB L4 E, REBAEH
50 ‘C

ik 24 Fmoc-Z LR (3 equiv.)/DIC (6 equiv.)/
Oxyma (3 equiv.)[) DMF ¥, TIAMAE(Fmoc T FLFR).
BT 50 ClEERG#F XM 15 min. FrfEdE—x. 4
F Kaiser M0 il 28 55 10 S RIFE B A5 FH A [A) () 2 L 1R
G R, 50 CHEIREIRG & M 15~30 min. X558
HEVE— . T R TR AR R 20 BN 20% FRIIR E 159,
7£50 C N BARY 3 B 3 min, DMF $epiix, Bl E#
JIg, Kaiser MR, FRISIMAT 3 ECN 20%1IRIE
W, 1550 C BRI 6 min. ARfEPE—IR. BEE
FIRAEG TTE, IR Y 8K T S B AR R AR I
FIME .

414 T DIC/Oxyma # R LB L4 E, REBAEH
75 °C

ik 2N Fmoc-Z LR (3 equiv.)/DIC (6 equiv.)/
Oxyma (3 equiv.)) DMF ¥, MMAME(Fmoc &t FR).
BT 75 ClEHERG XM 10 min. FrfEHE—X.
F Kaiser M0kl 280 55 10 S RIFE B A FH A [A) () 2 B 1R
Gieth g, 75 CHEIEIRG H B 15~20 min. 2R JEHRHE
Ve, R R IMNARFL S BN 20% IIRIE VR, T8
75 °CF =i 2 min, DMF 3£ IR, BUbE# g, Kaiser Y
W, ORI 550N 20% I IR IE W, 1
75 C RIS 6 min. PRl —X. EE LiR%ES
J7iE, Te GBI T 41K I G 2 R MK I A3 Bk B A IR
E.

415 WMIKRRBR SRR

YFTH R SRR G R, FARTR D ECN 20% 10k
WE TR bR e — MR R W Z S AU Fmoc fR4713E.
FRUEDE— IR, DCM ¥ 5 IR, /KIEHE A 3 min, JHEHE
26 min, KREFISELER. RS RIS TOKIS )
FKARFI[(TFA) @ V(phenol) : V(water) . V(thioanisole) :
V(EDT)=82.5:5:5:5:25). £ 28 CRMEIRIEY
ARV 2.5 he RNTEREE, SOV Al A s
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YR 2 BARFIZ) 2 mL. SR RTVKIE I TEK 2Bk
Wb 2 BREAT DU, B0, IR BIEW, R I,
PR TA M TCK CBEEDRLRE, B A MR- 2000 P
R, 133 (R IR AR 0 R o B, 49 BIREL A [ .
42 ZRRHSBEK

FA T 22 Bk o) 5 24k RN afi 5 4 5 1 2P 4 1 5 00 B
Al RP-HPLC N7 LC-20 AT. il 4 A 0t 4k
Grace Vydac “Protein C4” (250 mm X 10 mm), {1878
N 4 mL/min. 73BN Agilent 5 TC-C18 (2)
(250 mm X 4.6 mm), LEEFEA 1 mL/min. 5] &8 5
53 Hr 88 RP-HPLC B3 564032578 AR5 H0N 10%[1)
MBI B 2 min, SRS ECN 10%~60%i7i 204 B
30 min. IR A AEHERSECN 0.1% TFA
21K, Wi B AEH B E0N 0.08%~0.1%
TFA [ NE, SAMEMEAE A 214 nm #1254 nm WK
HEAT .

KR T OISR G R R (LR - VoK)=

5, SRR EON 0.1%0 TEA], WEE R E 14, Eid
MRIRA VR TN T AR T, 15 2010 2 IR A F ks
T G KRG, A 648 RP-HPLC 4T
sy aith. Sifb)E 02 VB IR A AR T 15 B 26 1
WaTx [k, —20 CZ&AM FEERA. £ Baithid s
W A RCFTRLIR Je o IS R4 VR T R AR, SRS
170 B2k, b E BT (un o 2 AliAh i SR
U, Ad F 20 A2 RP-HPLC A1 ESI-MS #6: 1l 2 fik frt) 48 & Al
S FH. T8 RP-HPLC A1 ESI-MS £, Jik 1. 2. 3.
7 A8 Sy A S I S A Y KT 95%, k4. 5F16
Iy Atk i it At KT 85%.

43 SWIRBRTRE
431 —RAMITE K%

B 0.1 mol/L Tris ZKIEVR, SR G AL JE A4 e 1
BE(&HE 5 mmol/L). S AL 23 e H BE (KW E 0.5
mmol/L), F 1 mol/L NaOH ¥ F1 0.5 mol/L ] HCI ¥
WA pH 2 7.5, B, FEEGHZMIERITIE. R
Heatife 5 1 WaTx Z8PERK 1 20 mg (5.18 umol), JIAZ>
BAKIERRG, TEIRG I FIER AN Tris 200
o, 153 WaTx 9K FE 4 30 pmol/L I B M w. B kit
FETE 25 ClEEIRG 4P AT, SREMHEH > HT 8 RP-
HPLC 1 ESI-MS X & il FE#EAT /A W, =2 M58 ik
Jo, 145 RP-HPLC #EAT 2> B 4lith. 4ifb s i)
Z IR A A VRT3 3 B A5 WaTx, —20 C%&MH T~
W RAE.

432 PR AT E RS

atifh J5 2 PERL 8 (20 mg, B YEWRE A 25 umol/L)
HfET 100 mL (1 CIE/KERICIE) @ VOK)=119]
B, BT RN A& A 20 mmol/L
K;5[Fe(CNg)]i 0.1 mol/L Tris Z& 3, I ZBREY pH £
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o F 5 R

7.5, £ 25 CARIRHIRRE G & H AT S &, R
Hr % RP-HPLC A1 ESI-MS 20 #ir 5 2 VLIS 2. 45 min J5
SPESER, [ RP-HPLC 4r@4ifh, S2E—X —
T B0 22 VAL (IR 14). BHE T, 55 ARFRH) 10 mmol/

B (1) 5 ¥ (B[] A4 95 A T IR & 3 R [V(HL0) -
V(TFA) : V(ZH5)=78 : 2 : 20]9), &0 A #4ifk J5
2 BRVE(IK 14y, 78 25 CRIRIEIRE % e ThitteT
BrE. @it % RP-HPLC Al ESI-MS &R 15
min P EE O TR R . PR R, I B
BIINGEE R CKIBEAEAER C 1.6 mg AT 3.3
mL EHERIDECN 0.1% TFA XL ETK), S
W AR LA, SElE, £/ &5
RP-HPLC #4743 B5aifb. 4ifb 512 s i A
TRAEFIHFRZ K WaTx (ik 15), —20 C F a5 EHEAE.
4.4 E—@&iENK

B2 K WaTx (1. 9~13 F1 15)¥f# T PBS 221l

W, S EIIREEN 1 mg/mL {2 IR 8 R R RS
FIREA 0.5, 0.125 mg/mL 122 BRI ¥ 2 K R0m
A1 mm FPAEE A, fH J-815 CD iSO A [F]
WRE 2 IR GEAT . BRI Ese h: KR
170~260 nm. TN 1 nm. FHFHEE N 100
nm/min. AN ZARERE LN E 3 KIFBCFAME. KIE
AR A B Jasco AR TRERY, WRIEEH 222
nm Ab 597 S B R [0 45 L
4.5 Flexstation 3 PEAI4EA& M

6 LIk HEK293 42 80%~90%% kT, H
lipofectamine 2000 (Invitrogen)#1 %k TRPA1 JFi i 4% Y4l
J, e gese E TH LA, AR 8 A b IR SR RE,
100 pL BRALEEFE 2 BEEZ B 96 FLARH, B TR:FRH
(37 Cv DECN 5% CO)RF TR, LG
YR AEFLINNZ HBSS iR 45 B 1 U8 e Je okl
Cal-520 (AAT Bioquest), H[EI3:7=F8H359% 1.5 h. EAL
"I, H HBSS k& KBRS mmol/L, 258 F/KAC
E)F] 5 pmol/L WA EE. L AITC (100 umol/L)E K FH
PEXTRR, DB FKAEAMIEX R, i Flexstation 3
(I RIRE BN )5 5 e HT RS A T A, R AR B = A
S, WK 485 nm, KHBEKE 525 nm, B 1E][E]BE
1.6 s, 17 s BEIMAFFIIK, RREL2l% 2] 100 s. Hd {6 A
GraphPad Prism 7 (GraphPad Software)# X 41T 41t 5
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