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iological application of novel peptide thioesterification method: synthesis of human 

efensin 3 (HBD3) with a Ser22His mutation 

β-

H
N

O

N
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NH2

N
NH

HS
10 % (w/v) MESNa, 10 % (v/v) AcOH,

0.5 % (w/v) TCEP, 6 M Guanidine.HCl, 
60 °C, 48 h, N2 (g)

(83 % = 7 + 8)

Acm

HBD3 (1-21)
H
N

O

S
S

N
NH

Acm

HBD3 (1-21)

O O

OHNH2
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 0.45 M HOBt/HBTU, dry DMF
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cheme 2. Synthesis of full-length
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1. Fmoc-SPPS

2. TFA : EDT : H2O, 5 h
    (95 : 2.5 : 2.5)
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HBD3 (24-45)

Acm

Ac
1. 10 % AcOH, 50 equiv Ag(I)OAc, 

25 °C, 6 h

2. 10 % (w/v) DTT, 25 °C
HBD3 (1-45)

SH SH SHSHSH SH

 Guanidine.HCl,
.3 mM cystine,
C, 24 h

95 %

37 %

 oxidised HBD3 13 
2 
M Guanidine.HCl, 0.2 M Na phosphate,
1 M MESNa, 40 mM TCEP, 
 7.0, 25 °C, 48 h

97 %
3
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Acm AcmAcmAcmm

 
4
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HPLC analysis of key transformations in the synthesis of folded HBD3 using the optimised 

peptide thioesterification procedure, with a linear gradient of 5-50 % MeCN over 45 min in 

0.1 % aqueous TFA at a flow rate of 4.0 mLmin-1, absorption detected at 230 nm. 

 
Starting material (1): HBD3(1-21)HC-NH2: 32.3 min. 

 

 
Peptide thioester: co-eluted HBD3(1-21)HC-NH2 (1)+ HBD3(1-21)H-SCH2CH2SO3H (2): 

32.1 and 32.5 min. 
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Cysteinyl peptide: HBD3(23-45) 3: 18.4 min. 

 

 
Native chemical ligation: Cys-peptide: 18.4 min, HBD3(1-45) + Acm5: 29.7 min, unreacted 

SM: 32.0 min. 
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Deprotected full-length HBD3(1-45) – Acm5: 31.6 min. 

 

 
Oxidised full-length HBD3(1-45): 30.2, 31.1, and 33.5 min. 
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Mass spectra of key transformation in the synthesis of HBD3(1-45). 

HBD3(1-21)HC-NH2 (1) 

mass
2000 2200 2400 2600 2800 3000 3200 3400 3600 3800

%

0

100
HBD3 HC 30,31  142 (1.288) M1 [Ev-103045,It30] (Gs,1.000,500:2000,1.00,L30,R30); Cm (131:183) 1: Scan ES+ 

2.45e82765.0

 

m/z
500 600 700 800 900 1000 1100 1200 1300 1400 1500 160 000 1700 1800 19

%

0

100
HBD3 HC 30,31 142 (1.288) Cm (131:183) 1: Scan ES+ 

2.82e7922.6

554.1

1383.5

692.3
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Time
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%

0

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00

A
U

0.0

2.0e-3

4.0e-3

6.0e-3

HBD3 HC 30,31 2: Diode Array 
Range: 8.83e-31.25

254.0 7.42
254.0

HBD3 HC 30,31 1: Scan ES+ 
TIC

1.48e10
1.29
922.6

 

 

HBD3(1-21)HC-NH2 + HBD3(1-21)H-SCH2CH2SO3H (1 + 2) 

Time
1.00 2.00 3.00 4.00 5.00 6.00

%

1

HBD3-H-MESNa 15 mg N2 48 h 1: Scan ES+ 
TIC

6.85e9
1.57
698.0 1.60

697.7

 

mass
2000 3000 4000 5000 6000 7000 8000 9000

%

0

100
HBD3-H-MESNa 15 mg N2 48 h  173 (1.570) M1 [Ev-100553,It26] (Gs,1.000,500:2000,1.00,L33,R33); Cm (157:201)

1.17e82765.0

2662.0

2787.0

2825.0

 

m/z
600 800 1000 1200 1400 1600 1800

%

0

100
HBD3-H-MESNa 15 mg N2 48 h 173 (1.570) Cm (157:201) 1: Scan ES+ 

1.44e7692.3

554.1
649.7

697.8

930.1

707.2 937.5
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HBD3(23-45): Cysteinyl peptide (3) 

Time
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HBD3 tube 18 2: Diode Array 

Range: 8.271e-2

HBD3 tube 18 1: Scan ES+ 
TIC

1.79e9
0.46
585.3

 

m/z
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

%

0

100
HBD3 tube 18 51 (0.462) Cm (44:67) 1: Scan ES+ 

2.46e6585.4

731.5

 

mass
2000 2250 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750

%

0

100
HBD3 tube 18  51 (0.462) M1 [Ev-94251,It16] (Gs,1.000,500:2000,1.00,L30,R30); Cm (44:67) 1: Scan ES+ 

1.34e72922.0

 
 

HBD3(1-45) + Acm5 ligated product 

Time
1.00 2.00 3.00 4.00 5.00 6.00

%

1

HBD3 ligated peptide 1: Scan ES+ 
TIC

4.88e9
1.

79
36
6.4

2.76
893.9

2.99
1424.0

3.46
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m/z
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

%

0

100
HBD3 ligated peptide 150 (1.361) Cm (141:172) 1: Scan ES+ 

1.17e7796.1

619.1

696.8

619.6 928.8

801.8

804.5

928.9

932.2

 

687.8

675.4

786.2

701.4

mass
2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000

%

0

100
HBD3 ligated peptide  150 (1.361) M1 [Ev-101670,It25] (Gs,1.000,500:2000,1.00,L33,R33); Cm (141:172) 1: Scan ES+ 

9.63e75566.0

5495.0

5605.0

 

Deprotected HBD3(1-45) – Acm5 (4) 

Time
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m/z
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

%

0

100
deprotected HBD3 334 (2.475) Cm (305:360) 1: Scan ES+ 

2.00e6745.4

652.7

580.1 869.3

1043.4
1303.9

 

Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

%
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3.0e-2

4.0e-2

6.0e-2

7.0e-2

5.0e-2

HBD3 -Acm 2: Diode Array 
Range: 7.21e-21.07

0.30

7.44

HBD3 -Acm 1: Scan ES+ 
TIC

1.27e10
1.11

1.07

1.24

1.49

7.53
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mass
2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000

%

0

100
HBD3 -Acm   120 (1.106) M1 [Ev-131615,It25] (Gs,1.000,200:2000,1.00,L30,R30); Cm (114:138) 1: Scan ES+ 

9.63e75211.0

2606.0 5082.0 5249.0

 

m/z
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

%

0

100
HBD3 -Acm  120 (1.106) Cm (114:138) 1: Scan ES+ 

1.51e7580.1

522.0

652.4

617.1

745.3

746.1
869.6

657.4

670.2
750.8

757.7
1043.4

876.1
1047.5

1304.2
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Folded HBD3(1-45) 

m/z
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

%

0

100
HBD3[O] 24h 178 (1.616) Cm (148:193) 1: Scan ES+ 

5.44e6868.6

744.8 1042.1

1302.4

 

mass
2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500

%

0

100
HBD3[O] 24h  178 (1.616) M1 [Ev-94727,It23] (Gs,1.000,500:2000,1.00,L30,R30); Cm (148:193) 1: Scan ES+ 

1.70e75205.0
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Peptide concentration dependence in H-AENITTGHC-NH2 thioesterification 
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N-AENITTH-COSCH CH SO H
erformed at 60 oC in 10 % w/v MESNa containing 1% v/v AcOH for 24 

H2N-AENITTHC-NH2

2 2 2 3

16 mM  

8 mM  

4 mM  


