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Abstract Coupling reagents mediate the formation of amide bonds and play a key role in solid phase peptide synthesis. The
novel N,N-diisopropylcarbodiimide (DIC)/ethyl cyanoglyoxylate-2-oxime (Oxyma) condensation system has the advantages of
low cost, operational safety, higher coupling efficiency and lower rate of racemization. The DIC/Oxyma condensation system
has been widely used in manual and automated synthesis of peptides. However, the ideal reaction ratio in DIC/Oxyma
condensation system at mild reaction temperature remains to be further investigated. GsMTx4 is a cysteine rich peptide toxin
identified from the venom of Grammostola spatulata spider, which consists of 34 amino acid residues and three pairs of
disulfide bonds. GsMTx4 is the only inhibitor specifically targeting piezo channel, which is a multifunctional mechanically
sensitive cation channel and associated with a variety of hereditary diseases. Herein, the synthetic efficiencies of different
reaction ratios of DIC and Oxyma at moderate reaction temperature were systematically evaluated. The efficiency and
robustness of DIC/Oxyma condensation system were validated by the rapid manual synthesis of linear GsMTx4. The one-step
oxidative folding strategy was applied for the construction of three pairs of disulfide bridges, affording the active GsMTx4.
The circular dichroism and patch-clamp electrophysiology tests were conducted to evaluate the structure and activity of
synthetic GsMTx4. In summary, a fast, robust and safe synthetic method based on DIC/Oxyma is established, which is
particularly useful for the manual synthesis of peptides.
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Figure 1 Structures of HOAt, HOBt, DIC and Oxyma
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Figure 3 Amino acid sequence of spider toxin GsMTx4
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Figure 4 Solid phase peptide synthesis and oxidative folding of
GsMTx4
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Table 1 Synthetic strategy, HPLC (high performance liquid chromatography) purity and isolated yield of linear GsMTx4

SH
H*GC‘ZLEFWWK(‘)NPNDDK(‘.'I(‘.'IRPKLK('T)SKLFKLC‘)NFSF*NHZ
SH SH SH SH
Linear peptide Reaction molar ratio Reaction temperature/'C HPLC purity/% Isolated yield/% Yield/mg
GsMTx4-1 n(Aa) . n(HCTU) : n(DIEA)=4:3.8:8 28 51 18 37
GsMTx4-2 n(Aa) . n(DIC) : n(Oxyma)=4 . 8 . 4 50 46 16 33
GsMTx4-3 n(Aa) . n(DIC) : n(Oxyma)=4 .12 : 4 50 41 14 29
GsMTx4-4 n(Aa) : n(DIC) : n(Oxyma)=4 .4 .8 50 37 12 25
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Figure 5 Analytical RP-HPLC and ESI-MS spectra of crude peptides and purified peptides of (A) GsMTx4-1, (B) GsMTx4-2, (C)

GsMTx4-3 and (D) GsMTx4-4

RP-HPLC conditions: a linear gradient of 5%~60% buffer B [0.08%~0.1% TFA (trifluoroacetic acid) in CH;CN] in buffer A (0.1% TFA in water) over
30 min (5% for 2 min, then 5%~60% for 30 min) on a Vydac C18 column, A=214 nm
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Figure 6 Analytical RP-HPLC and ESI-MS spectra of one-step oxidative folding process of peptides of (A) GsMTx4-1, (B) GsMTx4-2,
(C) GsMTx4-3, and (D) GsMTx4-4

(A) (a)~(b) The RP-HPLC spectra of the folding solution for GsMTx4-1 at 0 min and 12 h, (¢) The RP-HPLC and ESI-MS spectra of purified GsMTx4-5.
(B) (d)~(e) The RP-HPLC spectra of the folding solution for GsMTx4-2 at 0 min and 12 h, (f) The RP-HPLC and ESI-MS spectra of purified GsMTx4-6.
(C) (g)~(h) The RP-HPLC spectra of the folding solution for GsMTx4-3 at 0 min and 12 h, (i) The RP-HPLC and ESI-MS spectra of purified GsMTx4-7.
(D) (j)~(k) The RP-HPLC spectra of the folding solution for GsMTx4-4 at 0 min and 12 h, (1) The RP-HPLC and ESI-MS spectra of purified GsMTx4-8.
RP-HPLC conditions: a linear gradient of 5%~60% buffer B in buffer A over 30 min (5% for 2 min, then 5%~60% for 30 min) on a Vydac C18 column,
A=214 nm

2 GsMTx4 — R BH EIEAIRE . 43 Bl f ESI-MS HidiE
Table 2 HPLC purity, isolated yield and ESI-MS data of one-step oxidative folding strategy for GsMTx4

Linear peptide Folding product HPLC purity/%  Isolated yield/% Yield/mg  Calculated mass Observed mass
GsMTx4-1 GsMTx4-5 51 28 8.4 4095.90 4094.93
GsMTx4-2 GsMTx4-6 45 24 7.2 4095.90 4094.93
GsMTx4-3 GsMTx4-7 46 25 7.5 4095.90 4095.32
GsMTx4-4 GsMTx4-8 45 25 7.5 4095.90 4094.94
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Figure 7 (A) Analytical RP-HPLC and high resolution ESI-MS spectra of GsMTx4-5, GsMTx4-6, GsMTx4-7, GsMTx4-8 and
GsMTx4-9 co-injections, and (B) circular dichroism spectra of GsMTx4-1, GsMTx4-5, GsMTx4-6, GsMTx4-7, GsMTx4-8 and

GsMTx4-9
The high resolution ESI-MS spectrum gave an observed mass of 4095.7427 (calculated 4095.9020, average isotopes). RP-HPLC conditions: a linear gra-

dient of 5%~60% buffer B in buffer A over 30 min (5% for 2 min, then 5%~60% for 30 min) on a Vydac C18 column, A=214 nm
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PR PG TR, JER R0 LDS-2A BURE B 0L 35
Thermo 2w AHfil: 7748, #5E HEKA A" EPC-10
5 P B TROR A8 AN A B R A2 3K 44 Patch Master; 3% [H Sutter
AT P-97 AKCFRIHNAL; E Physik 2]k H e IR%
7% KE ALA AR E NG HRA.

Rink Amide AM # /TG 1) - R R & I RHE A TR 2
&]; Fmoc TR ZIERR  6-F AR F- =% M-1,1,3,3-P0 H &
JOR 7N 36 B8k TR BB (HCTU) W T~ 5 7R AR A (i) B BR 4 A
DIC 4T H13 5 24; Oxyma. K. =3 LBR(TFA). i&
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"_\l‘ ZR.
BHlLE MR
(A) (B) ©)
0 -9 (10 umollL) G-5 (10 umol/L) 0 G-6 (10 umol/L)
-0.2.
0.2 -0.2 204
£-0.4 % £-06
2-0.6 g < £-0.8
208 5oy o 02s E-10
3 1-0 -0.8 S o-1.2
L -1.0 -1.4
12 p) 45 6 T35 733
0 g
Time/min Time/min Time/min
©) (E) (F) G-1 (10 umol/L)
0 G-7 (10 pmol/L) 0 G-8 (10 umol/L) 0
-0.2 -0.2 <02 GsMTx4
< -0. < -0.4 £.04 Control
5 -0.6 £.0.6 §_0 6
Eo £:08 3.08
3-1. 5-1.0 -0.
0:%.2 ‘-’-%_‘21 1.0 __/\/\/\/\J
T3 31333 1 T3 335673
Time/min Time/min Time/min
©) 101 ns ns ns ns
Sk gk gk kdkw ddd
z 0% sedede s vS. GSMTx4-1
§ G-9: GsMTx4-9
§ G-5: GsMTx4-5
2 G-6: GsMTx4-6
“g G-7: GsMTx4-7
2 G-8: GsMTx4-8
£ G-1: GsMTx4-1

B8 Zfik GsMTx4-5. GsMTx4-6. GsMTx4-7. GsMTx4-8. GsMTx4-9 Fll GsMTx4-1 Xt Piezol & )il 1E
Figure 8 Inhibitory effect of peptides GsMTx4-5, GsMTx4-6, GsMTx4-7, GsMTx4-8, GsMTx4-9 and GsMTx4-1 on Piezol channel
(A)~(F) The typical current traces (Left) and time courses (Right) of Piezol currents inhibited by GsMTx4-9, GsMTx4-5, GsMTx4-6, GsMTx4-7,
GsMTx4-8 and GsMTx4-1. (G) The normalized inhibition rate of Piezol currents by GsMTx4-5, GsMTx4-6, GsMTx4-7, GsMTx4-8, GsMTx4-9 and
GsMTx4-1. n=4~6, each data point is represented as mean + SEM, ***p<C0.001 (compared with the GsMTx4-1 group), ns: no significance

JRRAREH R EARABEHR Tris. 1,2-4 Z6REE
AR HEREE . B = T iR AR AR NN-2
H 5 i (DMF). & HFHE(DCM) L BENE T [E 254
L2 RFIA R A E; HPLC (Aithgk 25516 J.T.
Baker A #]; HPLC (i 2 =& LB TBIHL T ; PBS.F
HR MR, BEOSWET£E Sigma A .
3.2 [EHEZKERK
3.2.1 T HCTU/DIEA 4k % 49 2" GsMTx4 494 &
B kAL

5T HCTU/DIEA 1R RIREEN 28 C, Mg
WAk BEARYE A L& Fmoc BUARY . PIIKEE FE¥I7E R
WIRG #4528 C)HhdkAT. FREX 170 mg ) Rink Amide
AM AE(EUAREE: 0.32 mmol/g, 0.05 mmol, 1 equiv.), f#
F DMF Al DCM = #iF%%, %8/5H 8 mL ) DMF/DCM
BEEI L V=1 D{E 28 CRFRIEMAE 3 h. Bk
Fmoc B A A28 — RS 5 min, 25 0B 10
min. [& M 45 & 19 & BB A n(Fmoc- 2 & R ) -
n(HCTU) : n(DIEA)=4 : 3.8 : 8, HL.URZH G M) N
60 min. XfT LB EER B R EIR . A (A P
BRAEIERR, W1 Fmoc-Cys(Trt)-OH, Fmoc-Arg(Pbf)-
OH, Fmoc-Asn(Trt)-OH. /5 15 NMREERSE, AKX
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YA, BB 40 min, 5 KRN 60 min.
GsMTx4 7> 7o & =3 —hikt, fEa MRS Cys
BB 8 F Fmoc-Cys(Trt)-OH.

SERCITA RER 466 LR, BT UIIRERAE.
FITIRRRFIN M= AR) - VEERY) @ VOK) @ VEER
WRlE) @ (2 —WilE)=82.5:5:5:5:25, [RMNIHE
N 2.5 h. WCERVIMKEW, (8 H mal msaewkds. REH
FEHT A (1) Jo7K LBEDTHE 22 K, i B5.OofL 55015 21
RRUTGE, B TA BIJEK OBk s DR AR k. 153
FURL K 4 26 KR G FI(EH 0.1% TFA)A AR,
Wi #1458 RP-HPLC 4y B 4lifk, 75 34l i £ 1 ik
GsMTx4-1. @it 4 #r A RP-HPLC A1 ESI-MS £ il
GsMTx4-1 [4lEEF7y T &. GsMTx4-1 MBS T BN
4101.95, iF5 > T8N 4101.05. [E 44k % k& fE —
20 CUKFEMN & B R, &H.
3.2.2 A F DIC/Oxyma tk % 89 & 12 GsMTx4 896 i A
5B AL

%:T DIC/Oxyma 1& R IR MR 50 °C, W ETE
b [EAHESE A LA K Fmoc i ORAP S5 1 FE I 7E SR 4
(50 C)HiEAT. FREX 170 mg ) Rink Amide AM 4 i (HX
fRFE: 0.32 mmol/g, 0.05 mmol, 1 equiv.), #ig7ELITFE
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5 HCTU/DIEA & &AM A, [EAH 46 A 1 = B i
n(Fmoc- & & 2 ) : n(DIC) : n(Oxyma) =4 © 8 : 4,
n(Fmoc-Z 3£ /2) © n(DIC) : n(Oxyma)=4 : 12 : 4 B
n(Fmoc- & F#£FR) : n(DIC) : n(Oxyma)=4 : 4 : 8. KX
PRI G 718 BB —IRARA R 10 min, 58 AR IE R
FEFR IE B ME S TR [N 15~30 min. Bt Fmoc 1%
7R IA] A 85— YR BN 3 min, 55 M 6 min. 7E A K
i FEr, Fmoc-Arg(Pbf)-OH ANRELE F il i 4644 N #4745
&, 1/ n(Fmoc-Arg(Pbf)-OH) : n(HCTU) : n(DIEA)=
437 8HIgE AR, 1828 CHEIEBIRG AN N s
RSP, 55— KN 40 min. 55 %M 60 min,

SERUIT A Z AR 40 A LU, % HCTU/DIEA {4
RAE 3 E, BEATUIIKAN > B A S 81 @it by
A RP-HPLC F1 ESI-MS £l & VEK 2 E A o7& ff
F n(Fmoc-ZJEHR) © n(DIC) © n(Oxyma)=4 : 8 : 4 51F,
Hl 15 BILE VAR GsMTx4-2( itk 4T N 46%, 4 B IR
9 16%). GsMTx4-2 (3R 715 4101.95, WE 5+
N 4100.99. f# H n(Fmoc- & # R ) @ n(DIC) :
n(Oxyma)=4 : 12 : 4, |43 ZNEIK GsMTx4-3(A i
ZEE N 41%, 3 BEUEN 14%). GsMTx4-3 IFLE 41
Ho 4101.95, MESTHHN 4101.19. fH n(Fmoc-&
PR n(DIC) : n(Oxyma)=4 : 4 : 8, #4515 LR
GsMTx4-4( 0 1% 4l BE 8 37%, 70 B IE N 12%).
GsMTx4-3 W EL 7 T &N 4101.95, W E 75T &N
4101.00.
3.3 GsMTx4 WEHLIFE

K — AL I S R X 2 MK GsMTx4-1,
GsMTx4-2, GsMTx4-3 Fll GsMTx4-4 BHTEMITS. K
UG Mk GsMTx4-1 (30 mg, 7.3 umol)#Hf7— L&Ak HT
. EYEMRARAN 0.1 mol/L Tris 22 AR (pH=7.8)-
GsMTx4-1 (10 umol/L). & J& & 23 bt H Jik (GSH, 1
mmol/L) 1 % 1k 84 24 i H K (GSSG, 0.1 mmol/L). 7E
25 ClHER IR & %M T T Evear &, 1 H -t &Y
RP-HPLC 1 ESI-MS Xf & #2470, 12 h )& 1%
frdsem. BWEM)E, EadE TZERMA TFA, T
pH Z K%y 3, WikT%, SEEKE . EHKEE
0.1% TFA)¥ fEAH IR 44, {58 FH 1) 26 28 RP-HPLC #H47
SYEAifL, BETIRERAN GsMTx4. B —REAk
&, 153 GsMTx4-5 (8.4 mg, 2.1 pmol). K FIEE)
J7i%, GsMTx4-2 #id #3815 2] GsMTx4-6 (7.2 mg,
1.8 pmol), GsMTx4-3 il it E W H7 B 153 GsMTx4-7 (7.5
mg, 1.8 umol), GsMTx4-4 JHiL S L7 &3 2] GsMTx4-8
(7.5 mg, 1.8 umol). fEE MRS, FATKILEL Fik
pH A -V -0 7 B 2 E/S 2] GsMTx4 11
Iy B CR T E AT A 5 B AL 15 3] GsMTx4

Chin. J. Org. Chem. 2022, 42, 498~506

© 2022 Chinese Chemical Society & SIOC, CAS

) B
34 EZ=EL

[ — € 4 FH R X 25 2 J-815 CD St {x. £k
(GsMTx4-1, GsMTx4-5, GsMTx4-6, GsMTx4-7, GsMTx-
4-8 Fl GsMTx4-9) 73 5l Vi T dd HoO 1, JIKFRIVR BE25 0.5
mg/mL. 1/ 1 mm BAKERARLILEIL, =47 5
N1 nm, FHEEEE A 100 nm/min, FH#EE KA 260~195
nm, BEKIEHT CD YGIEN & = R IEHCTF (A,

3.5 JEMMIK

A it 77. HEK293 4l T 37 'C, 5% CO, ik FE 1) 3:
77 #6 (Thermo, USA)H 3577, 724N DMEM (dul-
becco’s modified eagle medium)—+10% FBS (fatal bovine
serum). 13 41 il %5 FE ik B 90% il A FE T, 0.05% fif il
(Sigma, USA)WH 1L, 4Nl WM T 8 mm B A
(Warnner, USA) L, #5755 18 H lipofectamine 2000
(Invitrogen, USA)WB#I %44 NIF Piezol Jiiki, ¥4k 24 h
J& F T B R S

Mechano-clamp FE A= PR SZ0G . JEE A K 25 K H
EPC-10 (HEKA, Germany), #% #§ % & % 1 it H
PatchMaster (HEKA, Germany). it 35 BB K A 7K -4z )
1% (P-97, Sutter instrument, USA)Z LFEFHi il Mk, 78
VE NG FEBE 2~4 MQ. 48 M 4h i (mmol/L): 137
mmol/L NaCl, 4 mmol/L KCIl, 1.8 mmol/L CaCl,, 1
mmol/L MgCl,, 10 mmol/L HEPES, 10 mmol/L Glucose,
NaOH 75 pH 2 7.3. WM : 65 mmol/L CsCl, 75
mmol/L CsF, 2 mmol/LL MgCl,, 10 mmol/L HEPES, 5
mmol/L EGTA, CsOH 75 pH £ 7.3. & F 4 s fi F 4=
A AR e x0T 2, AR ] T —60 mv, BLME R
W5 K L.

BUMCRIBEE Bl 2% 10 5% Bl A ) 56 5 36 AT e i
oot A, LA BB HOb e, EARA N 3~4
wm. USRS 22 3 T He Ffe] AR 4% 1) 4% (Physik  Instru-
ment, Germany)#¢%iy, J57/K V1S 70°6. H LR R4z
il &5 ALK L A AN 30 (3 pm/m V), HIE A
M r= AR AR, Gl il s AR S SR LR B . BoR
A SIS LI ATUAR R B ARG A B R A RS R L. SRR I S
VWU OB AEBE B A2 1~2 um (6 B, 44K
BrORummfiR 2~3 pm I, FIRLEBI A0 AR TR, A
4~5 pum NGB R, EFE 6 um A R4
FAL RS . PREALRERR P W T HUMCRIEARE AL 0 um
PANCH (1) 200m #2326 um J& LUK A F
BERE R 0 pm, TEHHZHN 0.5 wm/ms, HHEFSE
)24 600 ms, &FXHIFAIAING Y 30 s. HASE f5ilid &
NI4525 R GL(ALA Instrument, USA)E T 254, WEL25%)
X HUAR RS R VR .
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