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Abstract: Chlorotoxin (CLTX) is a neurotoxin found in the venom of the Israeli scorpion, Leirius 

quinquestriatus. It contains 36-amino acids with four disulfide bonds and inhibits low-

conductance chloride channels. CLTX also binds to matrix metalloproteinase-2 (MMP-2) 

selectively. The synthesis of chlorotoxin using solid phase peptide synthesis (SPPS) is very 

difficult and has a very low yield (<1%) due to high number of amino acid sequence. In this 

work, to improve the efficiency of the synthesis, native chemical ligation was applied. In this 

strategy, chlorotoxin sequence was split into two parts having 15 and 21 amino acids. 21-mer 

peptide was synthesized in its native form based on 9-fluorenylmethyloxycarbonyl (Fmoc) 

chemistry. 15-mer peptide was synthesized having o-aminoanilide linker on C-terminal. These 

parts were coupled by native chemical ligation to produce chlorotoxin.   
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INTRODUCTION 

 

Chlorotoxin (CLTX) is a venom peptide that was first isolated from the Israeli scorpion, Leirius 

quinquestriatus. It is a neurotoxic peptide having 36-amino acids and four disulfide bonds. It 

inhibits low-conductance chloride channels (1). It has also been shown that CLTX is an inhibitor 

of matrix metalloproteinase-2 (MMP-2) which is a protease that functions in the breakdowns of 

the extracellular matrix (2). The CLTX is classified as an inhibitor cysteine knot (knottin) due to 

its “disulfide through disulfide knot” structure. Fluorescent dye conjugated CLTX derivatives were 

used in the imaging of cancer tissues (3). Iodine radioconjugated CLTX with a trial name TM-

601, was in phase II clinical trial for its selective binding to glioma cells without affecting healthy 

cells (4, 5). Boc-SPPS was used in the chemical synthesis of chlorotoxin and its derivatives (6). 

There are also examples of one-step Fmoc-based SPPS synthesis of chlorotoxin, however the 

yields after purification and folding were lower than 1% (7). In general, Fmoc-based SPPS suffers 

from the low efficiency of coupling reactions after certain length of peptide sequence has been 

reached due to aggregation of peptide under basic reaction conditions. This results in formation 

of deletion products and causes difficulties in the purification of peptides (8).  

 

Figure 1. 3D structure of CLTX. Disulfide bridges are shown in yellow (Obtained from Protein 

Data Bank: 1CHL). 

 

Kent and Dawson developed (8) native chemical ligation (NCL), which is the method commonly 

used in the synthesis of long peptides from the reaction of two native peptides which are 

synthesized and purified separately. One peptide has a thioester at its C-terminal and the other 

peptide has a cysteine at the N-terminal of the peptide sequence. Under certain reaction 

conditions, thiol sidechain in cysteine reacts with thioester moiety selectively and afterwards S-

to-N acyl shift that forms an amide bond to form native peptide as ligation product.   
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NCL method is developed based on Boc-SPPS. The synthesis of thioester moiety at the C-terminal 

of the peptide is not suitable for Fmoc-based SPPS. But recently, Dawson et al. developed a new 

native chemical ligation method which is suitable for Fmoc-SPPS (10). In this method, o-

aminoanilides are used as linkers in the synthesis of the peptide and this linker further converted 

into N-acyl urea group at the end of the peptide sequence before cleaving from the resin. The 

cleaved product is stable under the acidic conditions. However, in neutral conditions, this acyl 

urea peptide product can undergo rapid thiolysis, and forms thioester peptide to be used in the 

native chemical ligation. 

 

In this work, chlorotoxin is synthesized by native chemical ligation based on Fmoc-SPPS strategy 

developed by Dawson et al. (9,10).  

 

MATERIALS AND METHODS 

 

Synthesis of 3-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-4-aminobenzoic acid 

 

Based on the literature procedure (8), to a solution of 3,4-diaminobenzoic acid (1.0 g, 6.6 mmol) 

in NaHCO3 (84 mg) water/acetonitrile (1:1, 20 mL) was added N-(9-fluorenylmethoxy 

carbonyloxy) succinimide (Fmoc-OSu) (2.2 g, 6.6 mmol) in small quantities. After stirring 

overnight at room temperature, acidification with 1 M HCl (aq) formed a precipitate that was 

filtered, washed with methanol, cold ether and n-hexane. The solid was dried under vacuum 

affording the desired compound as a pale white solid (1.7 g, 70%). 1H NMR (400 MHz, d6-DMSO) 

: 4.29-4.40 (m, 3H), 6.72 (d, J=8.3 Hz, 1H), 7.33-7.36 (m, 2H), 7.44 (t, J=7.4 Hz, 2H), 7.51 

(d, J=7.8 Hz 1H), 7.72-7.80 (m, 3H), 7.91 (d, J=7.4 Hz), 8.78 (s, 1H).  

 

General procedure for solid phase peptide synthesis (8, 10) 

Loading the amino acid and coupling with an Fmoc-protected amino acid: 169 mg (0.1 mmol) 

Rink amide resin was weighed in a reaction vessel. It was washed with DMF (2x) and swollen in 

5-6 mL of DMF for 40-45 min. After Fmoc-deprotection of resin, Fmoc-protected amino acid 

(0.45 mmol, 4.5 eq.) (Fmoc-protected 3,4-diaminobenzoic acid acts like Fmoc-protected amino 

acid) dissolved in HBTU (0.8 mL, 0.5 M in DMF) then DIEA (140 μL) was added. After addition 

of DIEA, the solution was mixed and added to the resin in 30 seconds at max. The mixture was 

allowed to stand for 15 minutes and agitated in every 5 min. Then, the solution was filtered and 

the resin was washed with DMF. This process repeated one more time. The reaction was 

monitored by Kaiser test.  
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Fmoc Deprotection: The Fmoc group was removed by treating the pre-swollen resin with 20% 

piperidine in dimethylformamide for 2x10 min (2x10 mL). Then the solution is drained and the 

resin was washed with dimethylformamide several times.  

 

Final Fmoc Deprotection: After deprotection of Fmoc group from the very last amino acid residue, 

the resin was washed with DMF (4 × 2 mL), DCM (4 × 2 mL) then dried under vacuum. As an 

alternative way, final Fmoc deprotection can also be done in solution phase, after cleavage. In 

order to do that, completely dry crude product was dissolved in 20% piperidine in DMF solution. 

After the mixture was mixed for 10 min. with sonication, it was precipitated with methyl-tert-

butyl ether. The precipitate was centrifuged and the supernatant was poured off. The process 

was repeated 3-4 times until the supernatant becomes neutral by checking with pH paper.  

 

Cleavage: 95% TFA, 2.5% decontaminated water and 2.5% TIPS solution (cleavage cocktail) 

was used to cleave the peptide sequence from resin. This cocktail (for 50 mg peptidyl resin was 

needed 1 mL of cocktail solution) added to the resin and waited for 2 or 3 hours. Then the 

solution was collected. The peptide was triturated by addition of ice-cold diethyl ether. The solid 

was filtered off. The product was dissolved in distilled water and lyophilized.  

 

Conversion of Dbz group into Nbz: After peptide elongation, the resin was washed with 

dichloromethane and 100 mg p-nitrochloroformate in 10 mL dichloromethane was added to the 

peptide reactor. The resin was bubbled with N2 for 40 min. This process was repeated one more 

time. Then, it was washed with dichloromethane and treated with 10 mL 0.5 M DIEA in DMF for 

20 min and, finally, it washed with DMF and dichloromethane. The peptidyl-resin was dried under 

vacuum and the peptide was cleaved by using cleavage cocktail. The final deprotection of Fmoc 

was not performed.  

 

Native Chemical Ligation: Ligation was performed at room temperature in the following ligation 

buffer: 6 M guanidine hydrochloride (Gn.HCl), 200 mM potassium phosphate, 200 mM 4-

mercaptophenylacetic acid (MPAA), 20 mM tris(2-carboxyethyl) phosphine hydrochloride 

(TCEP.HCl). Take 2.5 mL of stock solution of 6 M Gn.HCl and 0.2 M K2HPO4 and filter using a 0.2 

μm syringe-driven filter into a 20 mL scintillation vial containing 14.3 mg TCEP.HCl (0.05 mmol) 

and 84.1 mg MPAA (0.5 mmol). Buffer was degassed under nitrogen for 15 min before the 

reaction. And the pH was set to 7.0 with 2 M NaOH.  

 

In a 20-mL scintillation vial, the peptide containing Dbz group (1.5x10-3 mmol) and linear peptide 

(1.8x10-3 mmol) were dissolved in ligation buffer (0.75 mL) to achieve a final concentration of 

2.0 mM with regards to the peptide containing Dbz group. The reaction solution was mixed at 

room temperature and monitored by HPLC.  
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RESULTS AND DISCUSSION 

 

The amino acid sequence of chlorotoxin is as follows: 

 

1         10 16  20   30  

MCMPCFTTDHQMARKCDDCCGGKGRGKCYGPQCLCR 

 

In order to synthesize CLTX by native chemical ligation, the sequence was split into two parts 

between Lys-15 and Cys-16. 15-mer peptide with methionine on its N-terminal was synthesized 

having 3,4-diaminobenzamide (Dbz) group on its C-terminal. For this purpose, 3,4-

diaminobenzoic acid was selectively protected by Fmoc group by simple treatment with Fmoc-

OSu at basic pH values in H2O/CH3CN mixture. This benzoic acid derivative was attached to Rink 

amide resin using standard peptide coupling conditions (HBTU-DIEA). After coupling and 

deprotection of Fmoc group by 20% piperidine in DMF, amino acids were coupled and Fmoc-

MCMPCFTTDHQMARK-Dbz was synthesized. At this stage, the peptide bond could form at the 

meta- or para-nitrogen atoms on Dbz group. These two structural isomers would not be a 

problem since both would give the same type of ligation reaction. Before cleaving the peptide 

from the resin, Dbz group was converted into N-acyl-benzimidazolinone (Nbz) by the treatment 

with p-nitrophenyl chloroformate under N2 atmosphere to give two isomeric form of Fmoc-

MCMPCFTTDHQMARK-Nbz (Pep1 and Pep1’).  

 

 

Scheme 1. Synthesis of Pep1-Pep1’ starting from Rink amide resin. 

 

Crude Pep1-Pep1’ mixture was purified using reverse phase HPLC on a C18 semi-preparative 

column and characterized by LC-MS (Figure S1).  

 

21-mer peptide (CDDCCGGKGRGKCYGPQCLCR)(Pep2) was synthesized in a native form using 

standard Fmoc-SPPS conditions on Rink amide resin. After cleaving it from resin, it was purified 

by reverse phase HPLC C18 semi-preparative column and characterized by LC-MS (Figure S2).  

 

 

FmocHN
1) Deprotection
2) Coupling

H
N

O

FmocHN

H2N 1) Deprotections
2) Couplings

N
H

H2N

MCMPCFTTDHQMARK

O
NHFmoc

NH2

HO
O

NO2

Cl

O

DIEA

N

MCMPCFTTDHQMARK

H
N

O

N

MCMPCFTTDHQMARK

H
N

O

Fmoc

Rink Amide
Resin

FmocFmoc

Pep1 and Pep1'

Cleavage
H
N

O

NH2

O

H
N

O



Karaca U, Kesici MS, Özçubukçu S. JOTCSA. 2018; 5(2): 719-726.  RESEARCH ARTICLE 

724 
 

Ligation of Pep1 and Pep2 was performed in ligation buffer which was developed by Kent and 

Dawson (8, 10). For this purpose, Pep1 and Pep2 were dissolved in ligation buffer with a final 

concentration of 2 mM. The reaction mixture was stirred at room temperature and monitored by 

HPLC.  

 

 

Scheme 2. Synthesis of CLTX via native chemical ligation. 

 

Figure 2A and 2B show the HPLC chromatogram of pure Pep1 and Pep2, respectively. Two 

isomeric peaks from Pep1 and Pep1’ had very separated retention times (10.5 and 23 min.). 

Figure 2C represents the ligation mixture immediately after mixing (t=0 hour). The peak 

appeared at 20.3 minutes is 4-mercaptophenylacetic acid (MPAA) that was used in ligation 

buffer. Between the time after mixing the peptides in ligation buffer and taking an aliquot, it was 

even possible to see the formation of ligation product (Fmoc-CLTX) as the new peak appeared 

at 21 minutes. In Figure 2D, it was shown that after 1 hour, the amount of ligation product 

started to increase and those of Pep1 and Pep2 started to decrease.  
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Figure 2. RP-HPLC monitoring of native chemical ligation between Pep1 and Pep2 at 210 and 

280 nm using C18 column. A. Pure Pep1-Pep1’ mixture. B. Pure Pep2. C. The ligation reaction 

at t=0 h. C. The ligation reaction at t=1 h. 

 

After ligation was over (overnight), the reaction mixture was diluted by water and purified using 

semi-preparative RP-HPLC C18 column and Fmoc-CLTX was obtained in pure form. It was 

characterized by LC-MS (Figure S3).  

 

In conclusion, the synthesis of chlorotoxin was successfully completed by native chemical 

ligation. The overall efficiency of the synthesis was found to be in the range of 5-10%. Ligation 
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method found to be more efficient and easier in purification compared to the one-step synthesis 

of chlorotoxin which resulted less than 1% yield and required several purifications (7).     
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