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Efficient and Simple Synthesis of Polypeptide Compounds
Containing Two Pairs of Disulfide Bonds

ZHANG Bin'?, DAI Xiandong', MENG Fanhua', LI Yulong”, LYU Zirui"”
(1. State Key Laboratory of Chemistry for NBS Hazards Protection , Beijing 102205, China;
2. College of Chemical and Environmental Engineering ,
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Abstract  Using triphenylmethyl (Trt) and acetaminomethyl (Acm) as the protective groups of the cysteine thiol side
chain, and H,0, and 1, as oxidants, respectively, through the optimization of reaction conditions, the "one-pot"
step-by-step precise synthesis of polypeptide compounds containing two pairs of disulfide bonds was achieved. This
reaction strategy does not require purification of the intermediate products, is easy to operate, and has a fast reaction
rate. The two pairs of disulfide bonds in the polypeptide were completely constructed within 20 minutes. The research
results show that this reaction strategy has wide substrate applicability. A series of biologically active peptide
compounds, including those containing tryptophan and methionine, was obtained by adopting this strategy with high
overall yields.
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Z A A A — R 2 IR G SR R R AR M s 2 — . U HOE RS 2 %)
AR ORE WEA T, NALH G R AR R A R, AR a2 0k, A R EuR TR A . B
T, A X A S A VAL S A i A AR AR | A R AR T | AR B
AN, LR SRR B B A5 AR ) e S Pl ) U B O T ok fre 4 Sy A i € A Ak vk
ST TS PN B ) 22 A ) ) AR AL TR SR — A R X S AR A R L
T2 AL SR T RS BT SR A, A1 I SR Y DX 3 5 s ) A W — AR BT X 1) H A )
', Huo %" HEA B a-conotoxin STAH T T = 2% B I (Trt) F1 2 TR HY L (Aem) P28 L 1) > e 22 18
HERIEAC IR 2, A X IOEBE M S SR, B 56 7E pH=T7. 0 RO BERREL S vl rh A 20— X — i it
SRIETE MetSeO IR (pH=2)VEF T JBBR Aem fr-4P LM, EAWIE R — 0 —mi s, 20 ienl 1T &4
HATRZIRG BH . DXEPE SR B A R b, — i SR T ™ ) ) 2B 8, (HZRM T PR R B,
LW s alifl, S s E YR, SRR RRRIT. AR, A — SRR e
By AR E BS PIXT A SR Z IR B, 3 R AN ) 2 2 R B L O 4 BE 14T, A3 %o R il
RO D PR B AL CR A L A1, WA SR e B a BL O AP B > il 5 ) S vy 2%, —H
O3 X AR B L T & 2% s i 2 I 54 . AR b — 2y S SRR BT, A A
FHPAID) &5 4 JRAE A PRl !, A Aty Sl A b 7 aek B ATk 22 Bk b 1 et 24 R (8 2 PR S Ak, TR
il L Z A G h A B AL

Bl A AR RN B O AP S A NI R e, A SR SR AT 3 AR . 40, Wang 82 TF
T —FhoE Y A BT E R AN ERE PR3 3L H] PPZQ [ 7-(Piperazin-1-yl)-2-(methyl ) quinolinyl |, FF2
JEZIR (Cys) BRI 5 084, DAE 8 BT Rl e, FRilRAE & A 2R el — i s i 52
ARG PRI N M. Liu 5290 & 1 AR e, T S A T
W BB A H 1 s S AR P BT . 1O 5 I I 1Y O-GleNAc Wl B AR A 1 e 14 25 11 J5T 1 1E
Pr&M e, Z 5 R RN, 193 7 HA RS FIE MR BAREE . Wu 5520 i
PORSHER Ay T A T T R IE . MR R AR ZIE IR T (CXC = IREE ), R R S AL RA A
BEMR (75 T3 Mg Pen ) HEATRE AN >, e S BUE /N3 F- 38R A T s A% ARSI 23R, ol T
e M (i ) A e v IR R ARG B IR ) IR, 77 Hh i Z2 PR KBRS SGE T TFIRIT IR A . ik
PRSI T 2 BRI MR T A, (B AE— L), QA Sy e R B I AR KRR LR | 5
LGRS SO 2255 . ASCRI TR T8 SOni ], A T — s RS B PR
FROTE 5 Tl AR RN 46, SR T — B8 2D m RORE M S X s ) 2 I & . %07
BERAERE , EE AR . RANZNEG I T ZAEW SL, Vel. 1, Iml, Apamin &2 & FR &R 1 1
R, SRR T RAFH S

1 SEIGERyY

11 KFI 5

N, N-ZHIER B (DMF, 2612>99. 5%) FIJoK I EE(MeOH, £62>99. 5%) , JLat iR 2L T
PR A BRA W s I (ACN, Z2299.9%) , Jb st A EURHECA BR A Wl 5 N, V-5 9 BE Bl — 158 0 JHe
(DIC, 4lifE>98. 5%) . S HHi(DCM, 4lifiE=99. 5%) . #i(1,, 4lifE=99. 8%) . L-PTIRIMIR (4lE=>99. 7%) |
FH LU T Sk (41 E>98. 0% ) Fi 2- 15 C B2 g (Oxyma, 2JE>98%), LHgbThr T AERHE A BRA A
H P8 Rink Amide-AM Resin(BUCREE 0. 74 mmol/g) ; Fmoc-Ile-OH, Fmoc-Cys(Trt)-OH, Fmoc-Cys(Acm)-OH,
Fmoc-Asn (Trt)-OH, Fmoc-Pro-OH, Fmoc-Ala-OH, Fmoc-Gly-OH, Fmoc-Lys (Boc)-OH, Fmoc—Tyr(’Bu) -OH,
Fmoc-Ser (‘Bu) -OH, Fmoc-Asp (O'Bu) -OH, Fmoc-Arg (O'Bu)-OH, Fmoc-Trp (Boc)-OH, Fmoc-His (Trt)-OH,
Fmoc-Glu(O'Bu)-OH, Fmoc-Phe-OH, Fmoc-Met-OH, Fmoc-Thr(‘Bu)-OH, Fmoc-Leu-OH A1 Fmoe-Gln(Trt)-OH,
4T 1298, 5%, wHI/RAAL(EifE) AR .

1100 Series 43 B 18 55 2% W AH €5, 3% { (HPLC) . ZORBAX 300SB-C,, 2 il % ¥ (9. 4 mm*250 mm,
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5 wm) . 1260 Infinity fil & 55 S0RAH (15 (RP-HPLC) | Agilent Prep C, 4 (30 mmx250 mm, 10 wm),
B LHACRHE A R A F] 5 Vydac 218TP B3 HT4E (5 pm, 4. 6x100 mm) , & E4% 75 Wi /2wl ; Liberty Blue
R4 A Sl Z ARG UYL, EERF A RA .

1.2 SCIEFE

121 ZRAMSILAE KRN A & ZIMEEY SIZ5#) . H-1le->Cys-*Cys-Asn-Pro-Ala-"Cys-Gly-Pro-Lys-
Tyr-Ser-"Cys-NH,(Cys2-Cys7,Cys3-Cys13).

Z IR SIEFIHTA A B . R Fmoc [EI4HZ Ak 1L (Fmoe-SPPS) 5 i ST 2 AUHT4C, LA Rink amide
Resin (0. 74 mmol/g, 0. 337 g) Ay [EIAHZRAAR . FC il 5240 Fr s 2 5 12/DMF %52 (0. 2 mmol/L) . DIC/DMF ¥
& (1 mol/L) F1 Oxyma/DMF i (1 mol/L) , BB Z KIFH , FERUE 2 G A A T4 BRI A5 B,
N 45T, HUCH DMF fIlDCM PRI 2 KRG, FH MeOH WS 45 2 IKBAE , s Rk 250550, XHigpfits s
W K T HRE H Z IR IR 12 mL BB (Viga: Vi Vi 0=95:2. 5:2. 5) 1, HIEF RV 1. 5 he s I8
VR, PRI R R T A/ D ERY , I SR SRR ORI, B0, R SR T SRk 2~3
WG 2 TIRARLAR . SR T 25 U A (5 X B ARHEA 740 S il B T AR AR S8 40 Vs A, {1 Agilent
Prep C  EL35FE, Ji R 20 mL/min, >R 15%~55% ji 5140 B(ZJE/0. 1%TFA)/0~40 min FI#6FEGERL, UK
L RMEAY), TRT158) SR TR 49 mg, ERE4EEE R 97%.

Z KA A0 ST R X A ) — Bk T P . K IR Al RS A STZRRURR (1. 5 mg, 1 pwmol )%
f#TF 1.0 mL 0. 1 mol/L. NH,HCO, ¥, FLALHEE N 1 mmol/L BV, =l T HA 10 pmol H,0,
4 min, 52 & —XF THEAT PRI, HPLC =250 93%. K5, FRFIAE0N 10% B TFA 706 SO 1A
ZpHEETTZ= 1, A2 wmol (100 pL, 5 mg/mL)L/ACN %W KW 15 min, FFAIA 200 WL 5 mg/ml.
L-HUR I R AR 2 S WIS TR A8 R TE A8, . R I ZORBAX 300SB-C,, 2 il £ (o 3% 4 364 7 RP-HPLC 4fifk., Vi
N 2 mL/min, K 0~40% i shAHB(ZJE/0. 19%TFA)/0~40 min H86EELENT , 75 SI 404, 0. 84 mg, HPLC
SR 98% , KRN 62%.

122 KA D Iml 94 K ZHKIEE Y Iml 4544 . H-Gly-*Cys-"Cys-Ser-Asp-Pro-Arg-*Cys-Ala-Trp-
Arg-"Cys-NH,(Cys2-Cys8, Cys3-Cys12).

ZIRALE W) Iml Z AV TR G . R Fmoc [EIAHZ BRG 7%:, P Rink amide Resin (0. 74 mmol/g,
0.337 g) R EIFHARAR, FHTE Z NG A T 6 B, SR P 24 . alifb SR T . S000 25 1) ST Y
R G, B8 8] ImT AR 22 mg, (AE4EEEH 99%.

Z KAL) Iml P X AR SR A — S A . AR AR S ) ImI AR (1. 5 mg, 1 pumol)
F#T 1.0 mL 0. 1 mol/L NH,HCO, i, B A 1 mmol/L AR, Z iR T A 10 wmol H,0, K2
4 min, 753 EF—XF AP RMA, HPLC ;=50 81%. Bfije, FIARFUECR 10% (4 TFAK T
AR Z B pHAE Y 2= 1, IR0 A 2 pmol (100 L, 5 mg/mL) L/ACN ¥ S W 15 min, FIIA 200 plL
5 mg/mL L-HUIR M PR VA TR 28 B 0 A W38 MG 68, . % 1 ZORBAX 300SB-C, ¢ 2 il 4 4,35 4% 64T RP-HPLC
afifb, W K 2 mL/min, R H 0~40% 3 840 B ( /0. 1%TFA)/0~40 min 46 B PEIE , 75 2] Tml 465
0. 81 mg, HPLC4iJ# 4 95% , )" %H 60%.

123 Zktb& 4 Vel B9 & ik ZRRIEE Y Vel. 1 454 . H-Gly-*Cys-"Cys-Ser-Asp-Pro-Arg-*Cys-Asn-
Tyr-Asp-His-Pro-Glu-Ile-"*Cys-NH, ( Cys2-Cys8 , Cys3-Cys16).

ZIMEAEP Vel VARG AL . SR Fmoc [EIFHZ KA 1L, DA Rink amide Resin(0. 74 mmol/g,
0.337 g) JERHERAR, PR Z KA BAGHEA 76 B, SRR T840 | lifh ST . SEa A4 ] STZR AL
RAG R, ZA58] Vel. 1RAUIR 33 mg, (A3%4EEE " 98%.

ZIRAEA Y Vel 1V PIXT AR B A — i PR A . o B IR AL Y Vel 1 ZRBUAK (1. 9 mg,
1 pmol) % f#% T 1. 0 mL 0. 1 mol/L NH,HCO I H, B K B4 1 mmol/L I, =R N IA 10 pwmol
H,0, /% 4 min, 1538 —%F @A ik, HPLC 735 83%. FfiJ5 , FIRFM40H 10% (4 TFA/ZK
VWO RV R 2R pHABE 5 2 1, FF A 2 wmol (100 L, 5 mg/mL) L/ACN %W S0 15 min, LA
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200 wL 5 mg/mL L-$T R 0L PR V5 W 28 R 0 1 W A8 A JC . SR FH ZORBAX 300SB-C. g > il 8 8 i A1 iE 1 7
RP-HPLC 44k, Jiii# 4 2 mL/min, > H 0~40% i s AH B( ZJIE/0. 1%TFA)/0~40 min F#H EE RN, 15 2]
Vel. 14554 0. 97 mg, HPLC4lFE 1 99% , 753K 0 54%.

124 AW AR T ANKNa R STHRZAR TSR 45 : H-Gly-"Cys-"Cys-Ser-Asp-Pro-Phe-*Cys-
Asn-Met-Asn-Asn-Pro-Asp-Tyr-"Cys-NH,( Cys2-Cys8, Cys3-Cys16).

TR AR T S IR A BT A L. R Fmoc [ A1 Z K, LA Rink amide Resin (0. 74 mmol/g,
0.337 ¢) FERHARAAR, FARE Z KA BAGHEATA K, SRIG P T84 | alifb BT . SCBR 25 [ ST 2!
RIARAY A, B3 3805 AL R+ /S KA ZR IR IR 27 mg, (%4l S 96%.

E iR TR <1 7 aAN /NG RSP G k311 M PP AT Y = - Sl e S (U e s SR T i WA S i ]
(1.9 mg, 1 wmol)¥EM#T 1.0 mL 0. 1 mol/L. NH,HCO, /& # P, B AHEEE A 1 mmol/L IKVAER , &1 T I
A 10 pmol H,0, 1 4 min, F38) 5% — X Ay &, HPLC =38 90%. ki), AR50 10%
B T A/ K BORE SOV AR 2R B pHAEL R T 2 1, FFIIA 2 pmol (100 pl, 5 mg/mL)1/ACN %) 15 min,
FEANA 200 L 5 mg/mL L-H 3R I BRI V828 S N I 028 R ot SR ZORBAX 300SB-C. i, 2 il £ (o i b
PEAT RP-HPLC 4lifk, 3% 4 2 mL/min, K 0~40%B i 841 ( Z15/0. 1%TFA )/0~40 min RS EEVERE, 15
B IR 7S R4 0. 98 mg, HPLC ZHE} 99% , 2™ 5h 55%.

1.2.5 %kt 4 4 Apamin By & & Z JIKAL G 9 Apamin 4544 : H-Gly-Cys-’Cys-Ser-Asp-Pro-Arg-*Cys-
Asn-Tyr-Asp-His-Pro-Glu-Ile-'"*Cys-NH,( Cys2-Cys8, Cys3-Cys16).

ZIKILEY) Apamin LATTARE . R Fmoc [MAHZ IS A, LA Rink amide Resin(0. 74 mmol/g,
0.337 ¢) FIEFHARAR, SR Z KA BAGHA T A, SRIG PRI 7240 | alifb SR T . SCBR A1) ST 2k
BRI &, 5245 3 Apamin KRR 35 mg, (354l K 94%.

Z AL G Y Apamin H T B A —F ik TR AN EE . o FIRAAE)S 1) Apamin 2K (2. 2 mg,
1 pmol) % f#F 1. 0 mL 0. 1 mol/L. NH,HCO, 7 H, Be S B4 1 mmol/L A, 2k N IIA 10 wmol
H,0, 2 )i 4 min, 183 & —%F —H ek, HPLC 772 % 80%. WJG , JIKFRSM 4R 10% 4 TFA/ZK
IR RN AR 2R pHAE Z 1, FEIA 2 pmol (100 wL, 5 mg/mL) I/ACN %% B2 )% 15 min, F-A1A
200 L 5 mg/mL L-B0 30 0L R V5 VR 28 S5 o V5 W8 Sk Tt . SR ZORBAX 300SB-C - 1l 5 € 35 AE HE 17
RP-HPLC 44k, it 4 2 mL/min, 2K H 0~40% s AH B( L JIE/0. 19%TFA)/0~40 min AR EE BN, 15 2]
Apamin £t 1. 05 mg, HPLC 2l 0 99% , 755K 52%.

2 #RGIE

ZIRAL S Y h 2 R kS ORI AR 2 IR 2G5 T A U A . T 2l
PR AP | SAAL RN PR LS e ROV, B S — " o A i . SRR DXt %
PRI 220 BB AT IAAR B, R Se I 1 R 8] P R e A 2 T BUR ) AR BT, FER A
BN TR SRS O Pl , R UR SN AR RV A TR X AR A A T A R
RN ARG KAWL, N TR E A i S RS M, 5 Sk i S A A R TR I A A gk
1, L, FERG S o0 AR B 5 SRR G 1 e PR S R JE AT, AR AP S TR RR LS5 T
(AN A Z3 B, ARAEHBaaoR RO F T T RAROERR , HROW 25 PR IR . =R (Tr) FI L
I A FF 2 (A em ) JE 80 5 T e 2 BR B AL R AP S AT, Tt S R BBUER AR~ Db 2 BB ORAP B A, 75 22 KRS

L 24 T AT RV AT R BERR , R 2 AL RS RRER 1R . Aom (RAPIEBITERRE A5V T ARE , 1EIR
PEZEAF T A SRR SR (D SR AR EBR . Tet 71 Acm PR e 22l DR R 1 ) I B3k 25 16 A4
BT o AP TR T E R RN AR A, (B TET Y SRR MR B — X TR 4
LA ARAT B R R, SR R | A B AR B W 2R T S B 0 TR AR . HL0, 2 — AL
Iy AR AR, ROV R AR R SIS RIS, HRSIRER , TEmik 25 4F T H0, N2
Met MEERAL . JET UL, ASCUATrt A1 Aem #1202 2 RR S (19 1E A PRIPE AT, 43506 FH HL0, R LA
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AR ) Bl A 50 A AR S S5, SEEE TR RS S LA RN R B ) 2 kS )
(Scheme 1).

?— Trt ?—Tn S]H ISH
- Cleavage cocktail - 0.1 mol/L NH,HCOs
Peptids —_—_— Peptid
[ T eplle ]_O [ T eplle ] 10 ]JanleOz
S—Acm S—Acm S—Acm S—Acm
—1 —
- 2 11, -
[ Peptide o Peptide ]
| [ L-Ascorbic acid T T
S—Acm S—Acm S S

Scheme 1 Synthetic strategy of polypeptide compounds containing two pairs of disulfide bonds
by the ""one-pot method"

21 ERXMN_WMEBHSRUEWSIN —8R" S

N T RREMLL A, BB AT 13 G IEFR IR ILRY SUAE & B A S BRI &9 . o
Seid rk A % (SPPS) il £ 26 U STAK , Hirp Cys3 1 Cys13 JH Trt 45, Cys2 Fl Cys7 FH Aem {547, Trt
PRI T A 2 T R, FEIE B 28 B0 50 (—SH) , 738 A& 1a(HPLC K & 43 i e L AR SC
SRR STAIS2) 5 BRI A HL0, A1 LAE A SR SO Ry R 04 7 R 0, lad - —80 7 & R
WA 380 LA T GT (7 T T B . A AR — X R, B ST A R N B[R] Y B2 (Scheme 2). 2
SCERL9 1 He, IR T B SR La iM% T 0. 1 mol/L NH,HCO, /KW, Bie AR E A 1 mmol/L AR,
FA 10 wmol H,0, 847 1, FIFH HPLC Wil s i A . A EIFE 1 min BURE , JFFH TFA 21k J 0y, 45
SRV 4 min B, AAH 1b 177 22555 93% (3R 1 Entry 4, A6 HPLC K i 43 o1 (5] I AR S
THHE BE S3FIS4) , (HREE S WSR3, AL590 1b B R TR . B0 e 1% B eI g
A5 ] 4 min.

SH SH S$——S
| | 0.1 mol/L NH,HCO; I |
H-ICCNPACGPKYSC-NH; + H:0; H-ICCNPACGPKYSC-NH,
SAcm SAcm SAcm SAcm
la 1b

Scheme 2 Construction of the first pair of disulfide bonds in SI

Table 1 Influence of different reaction time on the construction of the first pair of disulfide bonds in SI

Reaction HPLC yield of
Entry Buffer solution Concentration/(mmol - 1.™") n(H,0,)/pumol . . :

time/min compound 1h(%)

1 0.1 mol/L NH,HCO, 1 10 i 80

2 0.1 mol/L. NH,HCO, 1 10 2 84

3 0.1 mol/L. NH,HCO, 1 10 3 85

4 0.1 mol/L.NH,HCO, 1 10 4 93

5 0.1 mol/L.NH,HCO, 1 10 5 91

6 0.1 mol/L.NH,HCO, 1 10 6 89

7 0.1 mol/L NH,HCO, 1 10 10 81

ST HL0, X SO A . 24 HL0, A ETHIAY 10 wmol 2] 7 wmol B (£ 2 H Entries 3
F4), S0 4 min J5 , HPLC AN ZE 0 BoR JFRHC RN S84, A6E 0 1b 1977358 86%. LRIk H,0, 11
E%%z*mmmlﬁm Vﬂzmmmﬂ%2¢EMyn S 4 min J7 , HPLC K JFORF 1a 2R SV 58

, VLBAREE H,0, FE RS, S B AR . H 24 HL0, i 3 %] 20 wmol B} (2 H1 Entry 5), 7~
%m%ﬁ%&ﬁm%upﬁT%%lﬁki T E A H0, SRR O kA, ek A S
15 A 10 pmol.

SRR SR T R R NHHC O R BET BN B RE I . 45 3B, 38 NH HCO, 3 R Hk BE X1k
Y1 1b 72 R A AN K (32 2 H Entries 4, 6~8). KW MNZATE . MR MAE LS 0. 1 mol/L NH,HCO,/E 2%
AR IR . 25 R, SEFELE 0. 1 mol/L NH,HCO, 22 mA Z b, DL 10 pmol H,0,/5 4 Ak

Chem. J. Chinese Universities, 2026, 47(2), 20250233 20250233(63/68)
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Table 2 Effect of the dosage of H,0, and the concentration of NH,HCO; solution on the construction of
the first pair of disulfide bonds in ST

Entry Buffer solution n(H,0,)/pwmol Reaction time/min HPLC yield of compound 1b (%)
1 0.1 mol/L NH,HCO, 2 4 61
2 0.1 mol/L NH,HCO, 4 4 83
3 0.1 mol/L NH,HCO, 7 4 86
4 0.1 mol/L. NH,HCO, 10 4 93
5 0.1 mol/L. NH,HCO, 20 4 74
6 0.2 mol/L NH,HCO, 10 4 90
7 0.5 mol/L NH,HCO, 10 4 93
8 1.0 mol/L. NH,HCO, 10 4 89

N, SN 4 min, F52ELL93% (1H)7= R T 8 — Xt —hiE .

TES—XF S US . T TFA VRS SOV AR FR pHAE R 1(Scheme 3), 43515 %¢ 1 ORI i) (2.3
Entries 2~7 ) AL F 5 (38 3 W Entries 1, 3, 8 f19) XS B (520, A1 HPLC Mol S B 0 . 525645
RF, MU F R 2 pomol FLEZY 15 min B, SO0 83CRERC AT, W AE SR AL S I A5 21 7= ST L™= %3k
262%(F 1). LAY HPLC K55 40 BT 1 0 A SO (5 BT S5 i se.

S
l | L-Ascorbic acid | |
H-ICICNPACIGPKYSC-NHZ + [, ———————  H-ICCNPACGPKYSC-NH,

| |
SAcm SAcm S——S

1b 1c

Scheme 3 Construction of the second disulfide bond in SI

Table 3 Effect of iodine dosage and reaction time on total SI yield

Reaction Isolated yield of Reaction Isolated yield of
Entry n(Iz)/},Lmn] Entry n(Iz)/},Lmn]
time/min compound 1c (%) time/min compound Ic (%)
1 1 15 48 6 2 60 59
2 2 10 53 7 2 90 60
3 2 15 62 8 3 15 56
4 2 20 59 9 5 15 44
5 2 30 54
(A) sH sH B
u-m‘:nmosmsém, ~
$hem $cm - o
a tx=19.47 min o &
g} L)
s $ — 5
N“CC‘NPA?GPKVSC‘NH; If':; el
b tz=17.82 min shem Shen E
s s S
H-I(I:(‘:NPACGPKVSIQNHQ Q 8
1z=20.21 min B —
c e
e a = &
ad] " = Q
N g -
4 Purified I peptide o - %
v - 4
I I I I I I I I I I I I I I | TN I R R
§ 10 12 14 16 18 20 22 24 1352 1353 1354 1355 1356 1357 1358 1359
fr/min m/z

Fig. 1 HPLC chromatograms(A) of linear SI with two free thiol groups(Cys3 and Cys13) and two cysteine residues
protected by Acm (Cys2 and Cys7)(a), reaction of linear SI with H,O, to construct the first disulfide bond in
SI(b), reaction mixture of treated with I,to construct the second disulfide bond in SI(c), purified SI(d), and
the deconvoluted HRMS spectrum of SI (m/z 1352. 5178, caled. m/z 1352. 5207)(B)
HRMS spectrum of SI is shown in Fig.S6 of SI.
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22 “—RVREBANESHN ZHBNSRKLEY

h T ZEGZIT RS A, LA R T — RV AW T X AR 2 I A
(Scheme 4). B e #E WYL Z R FE IR LI Z AL G P Vel. 1, BFFR IR Vel. 1 HAT 80 16 14>
HAp 578 16 A3 FEMR 5% FL AN X A7 B2 (Cys2 Fl Cys8, Cys3 F Cys16). Seiliad [ A& sl 45 Tz ik
FILE I RIA , Hirp Cys2 Fl Cys8 Fi Bl FH Trt -7, Cys3 Fl Cys16 Bl FH Acm AR 3L . il “—HR”
DX IR L IV 7E 20 min WA AL T Vel 1, HE7 2355 54% (K 2). A A S AL-G 9 Vel 1HY
HPLC F 553 B o [ DA SCSC R BB ST~ S12.

o - -

HzO: IZ
H-GCCSDPRCNYDHPEIC-NH, ———————> H-GCCSDPRCNYDHPEIC-NH, —————=———— H-GCCSDPRCNYDHPEIC-NH
NH.HCO; | [ * " L-Ascorbic acid | | ’

SAcm SAcm SAcm SAcm S— S

Scheme 4 ''One-pot" precise synthesis of polypeptide compound Ve 1. 1

(A) i ®
. H-GCCSDPRENYDHPEIC-NH; g g
1z=20.19 min $hcm Shem g e 3
z g g
=1 - = 3
H-OCCSDPRCNVDHPEI(I:N-II l\
SAcm SAcm g
t%:=19.40 min b =
3
- I
HGC?SDPRCNVDH’EK"’W; \o
s s *x® —_—
. 2 <
1x=18.48 min ¢ @ 3 -
D (=2 - ¥ "
sol8 |z e 3
Purified 8 ~ 5 w2 =
Vcl. 1 peptide d 2 2 2 )
I I 1 I 1 1 I I [
10 15 20 25 30 1806 1807 1808 1809 1810 1811
fr/min mlz

Fig.2 HPLC chromatograms(A) of linear Vc 1. 1 with two free thiol groups(Cys2 and Cys8) and two
cysteine residues protected by Acm(Cys3 and Cys16)(a), reaction of linear Ve 1. 1 with H,0, to
construct the first disulfide bond in Ve 1. 1(b), reaction mixture of treated with I,to construct
the second disulfide bond in V¢ 1.1(c), purified Ve 1.1(d), and the deconvoluted HRMS
spectrum of Ve 1. 1(m/z 1805. 6434, caled. m/z 1805. 6451)(B)

HRMS spectrum of Ve 1. 1 is shown in Fig. S12 of SI.

N TIRFZ I ERBEH TS OARBEZ AN E R, SLREFESG B Z KAE Y Inl
(Scheme 5) , 2 KT ek (14 i 2 L PR 32 (R AT B 0 2. I Y 12 AN BERRBRIELA A, A RN A
i (Cys2 Fll Cys8, Cys3 Ml Cys12), H 1007 KR (Trp). 5l BAHA k6l 2 7% 2 K& A A
fA, JLrp 2 (A8 A () R R F Tre B4, 3070 12057 FH Aem (A TAE M, IR —R 7 RO SR £E 20 min
WAﬁETImI H B 2IK5]60%, HA K Trp #8407 W) (K13). FHOCH A K A5 4 Iml () HPLC

T AT HE T ] AR SO 4R BB S13~ &1 S18.

e E — —
H.0, I
H-GC?SDPRCAWR(E-NHZ NHLHCO. H-GC?SDPRCAWR?-NHZ m H-GC(ESDPRCAWR?-NH:
SAcm SAcm SAcm SAcm S

Scheme 5 ''One-pot' precise synthesis of polypeptide compound ImlI

o T A R o B R 2 K F A, B Sk [ 14 JHGE 19 R R i 2 Kb &
YIHEN BARYD, KA 16 MR IEIRIRIE, 78 21V FN 8 17 (1) 2 e 18R 22 18] LA K 3 57 1 16 47 1) 2 e 2 iR
ZIAE BT A, Hodr 2 R0 8 A 1 e e FH T fR 9, 3021 16 2 FH Aem A% . 7E 20 min N5
BT IEBREC Y B AR Z K (Scheme 6) , firj RERIRF] 55% , H AL P B2 R S A=W (K1 4). HI5&
HhRMA S H AR 22 Bk HPLC K e 43 B BTG 18] WA SO R LR S19~[] S24.
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SAcm SAcm o0
x=20.01 min a = .
ey f=
i S
S @
H-GCCSDPRCAWRC-NH, il
bem  daem o o
1z=20.21 min b 2
s
s ? %
H-GCCSDPRCAWRC-NH;
{ s i g
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| 150 = -
@ F S
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Purified o i
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Fig.3 HPLC chromatograms(A) of linear ImI with two free thiol groups(Cys2 and Cys8) and two cysteine
residues protected by Acm(Cys3 and Cys12) (a), reaction of linear ImI with H,0, to construct the
first disulfide bond in ImI(b), reaction mixture of treated with I, to construct the second disulfide
bond in Iml(c), purified ImI(d), and the deconvoluted HRMS spectrum of ImlI(m/z 1350. 4891, calcd.
m/z 1350. 4911)(B)

HRMS spectrum of Iml is shown in Fig.S18 of SI.

E P - T
H-GCCSDPFCNMNNPDYC-NH, 0z H-GCCSDPFCNMNNPDYC-NH, % H-GCCSDPFCNMNNPDYC-NH,
| | NH.HCO; | | L-Ascorbic acid | |
SAcm SAcm SAcm SAcm S— S

Scheme 6 ''One-pot" precise synthesis of polypeptide compound containing Met

A) - B)
KG(ECSDPF(’?NMNWDVGNN;
F SAcm S‘Mm % fore)
1x=24.82 min a 2 E -
2 = I
s s = [l: ;
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SAcm SAcm :
1z=25.23 min b =
v
V‘{
§——8§
N-G(‘X}SDPFCNMNNPDVGNH, E '\_D‘
x=25.17 min 2 i ¢ — " ©
— B = o = =4 = wn
S\r = — ) b4 ﬁ o)
n S 3 =3 = = = a
o . B o o~ o
Purified Met peptide d E = N & § &
| | | 1 L T 1 - ) 1 | 1 1 1 - L
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fr/min mlz

Fig. 4 HPLC chromatograms(A) of linear polypeptide compound containing Met with two free thiol groups
(Cys2 and Cys8) and two cysteine residues protected by Acm(Cys3 and Cys16) (a), reaction of linear
polypeptide compound containing Met with H,0, to construct the first disulfide bond in polypeptide(d),
reaction mixture of treated with I, to construct the second disulfide bond in polypeptide(c), purified
polypeptide compound containing Met(d), and the deconvoluted HRMS spectrum of polypeptide com-
pound containing Met (m/z 1776. 5508, caled. m/z 1776. 5532)(B)

HRMS spectrum of polypeptide compound containing Met is shown in Fig. S24 of SI.

B G I Z AL S PR T CC—C—C B2, NEIEZINARRTEM TIE CC—C—CHREN Z
JIK, BEFEAE CC—C—C B 2R A9 1 22 IR 8 75 B IK (Apamin) #£47 T %2 1iE (Scheme 7). Apamin 2 H 2
(Apis mellifera) B P 2EALAFEI B9 2 RALG YD, 12K R 18 R BERRARSL A AL, 2 KU A hr e Pt %
PEREIWT], BABTRAGUEF LRI, A T 458 R, Cys1 5 Cys11 LK Cys3 5 Cys15 Z A AL
TR TR R TALAN 1 ALA DR T B4, T3 LA 15 057 A9 BE R Acm PRI SR
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Scheme 7 ''One-pot" precise synthesis of polypeptide compound Apamin

YR AT DAL X A, B3R AT K 529% (18] 5). A IE R A 2 H bR 2 BK Apamin 1) HPLC
L2 i oy PRI WA SRR LR S25~ 181 S30. sk R BTN, 97 IS T ) PR B 2R i 2
AL S, E— P EE T 3% 05 vk e

@) - ® o
dacm dhem Y
°©
1x=18.67 min a N & 3
N = X
o o~ o«
s 3 w ~
NchKAPErALcARmI:oo»NM, o o
Shem Shem = =
N [\l -
x=18.19 min g
o
§ 0 8 &
) Ncr«é:wsrnmms:mrmn, g g
1x=16.62 min c :
N
(=2
Q
Purified
Apamin peptide d
1 1 1 1 1 1 1 1
5 15 20 25 35 2026 2027 2028 2029 2030
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Fig. 5 HPLC chromatograms(A) of linear Apamin with two free thiol groups(Cysl and Cys11) and two
cysteine residues protected by Acm(Cys3 and Cys15)(a), reaction of linear Apamin with H,O, to
construct the first disulfide bond in Apamin(b), reaction mixture of treated with I, to construct the
second disulfide bond in Apamin(c), purified Apamin(d), and the deconvoluted HRMS spectrum
of Apamin(im/z 2025. 8921, caled. m/z 2025. 8939)(B)

HRMS spectrum of Apamin is shown in Fig. S30 of SI.

3 & it

SRS T T A R R R 0 2 AL S A R TR ELRS YR R . %5 VAR
H LB Trt A1 Acm 112~ DA BRERILMIBE LRAP BE AT, 2351 T HLO, AL A B AR R PR A1), 0 204
RS — RS HIEE X TR XSRS ROk S T R R A PR Al A, SEBE T PR R A — T X
SR A . 2 R A ASOR SR ER (ATFE 20 min N SEAL) « BRAESRTAE , 1 HL 55 = T RO 1 B
AN, T E TE )Tz, R MO A R A U G AR AN T R 2 PR R R R Z IR 5 Y, I
AVEE S (02 R AN A SRR B A A BRI 0 A A5 383 P T35 WX Bt B ) AN ] < e 2 R 1 2R 22 ik
EWRIE R, I, 207 —Fad . R ELRSHES RS PR AU 22 KA 5 WD AT SR s

% #4138 L http://www.cjeu.jlu.edu.cn/CN/10.7503/20250233.
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