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Figure S1. Histogram showing the distribution of all the diastereoisomers for each length n 

obtained in the polymerization of R,S(98%D8) ValNCA, in water as initiated by 25%mol n-

butylamine. Note that the small differences (~2%) between the mole fractions of enantiomeric 

peptides (e.g. Rh / Sp or Rn-1S1 / R1Sn-1) is due to 98% deuteration of initial S Val precursor and 

instrumental accuracy. 

 

               

Figure S2. X-Ray powder diffraction patterns of the oligopeptide products obtained in the 

polymerization of R,S(98%D8) ValNCA (left) and R,S(98%D10) LeuNCA (right), in water as 

initiated by 25%mol n-butylamine. 
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Figure S3. FTIR spectra of the oligopeptide products obtained in the polymerization of 

R,S(98%D8) ValNCA (left, measured in KBr pellet), and of R,S(98%D10) LeuNCA (right, 

measured in Nujol), using 25%mol n-butylamine in water. 

 

 

 

                             

Figure S4. Side-views of computer modeled racemic antiparallel -sheets composed of a pair of 

R oligo-Val (grey) and S oligo-Val (orange) strands, without (a) and with (b) an S-Val-OMe 

initiator at their C-terminus to illustrate the steric hindrance exerted by the S-initiator linked to 

the R strand on the growing N-terminus of the adjacent S strand (site delineated by a rectangle).  
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Figure S5. Plot of ee% Sn = 100([S]-[Rn])/([S]+[Rn]) of the isotactic oligopeptides of each length 

n obtained from the polymerization of R,S LeuNCA in water with 25% mol/mol initiator R-Leu-

OMe ( ) and S-Leu-OMe ( ). Error bars are average of five samples. 

                         

Figure S6. MALDI-TOF spectra of the water-soluble oligopeptides obtained from the 

polymerization of: (A) R,S ValNCA and (B) R,S LeuNCA, in water with 25% n-butylamine 

initiator. The signals representing the diastereoisomeric oligopeptides of a given length n are 

labeled. Isotactic oligopeptides are labeled Rn and Sn and arrows point to either the strong signals 

or their absence for penta-peptides. The signal labeled with an asterix symbol (*) belongs to the 

dithranol matrix. 
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Figure S7. MALDI-TOF spectrum of the oligopeptide obtained from the polymerization in THF 

of R,S LeuNCA with 25% n-butylamine initiator. Oligopeptides initiated by traces of water 

added with the initiator are labeled with asterix symbol (*). 

 

 
Experimental Section 
 
Racemic ValNCA or LeuNCA monomers were prepared following a reported procedure by W. 

H. Daly, D. Pochet, Tetrahedron Lett. 29, 5859, (1988). R-Val or Leu (Aldrich, 1mmol) and S-

Val or Leu (D8 and D10 98% respectively, Cambridge Isotope Laboratory, 1mmol) were 

suspended in dry tetrahydrofuran (THF) and heated to reflux under argon. Solid bis-

(trichloromethyl)carbonate (0.7 mmol) was added gradually for about 1 h until a clear solution 

was obtained; the reaction then proceeded for additional 3 h. The reaction mixture was cooled 

down and about 80% of THF evaporated in vacuum. Hexane was then added to the solution and 

the NCA crystals precipitated overnight at –20 0C. The thin plate-like (R,S) ValNCA or (R,S) 

LeuNCA crystals obtained after filtration were analyzed by FTIR spectroscopy and X-ray 

powder diffraction.  
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Polymerization in aqueous solution  

The polymerization experiments were performed using different initiators and each sample was 

prepared in the following way: 10 mg of (R,S) ValNCA or (R,S) LeuNCA monomer crystals 

were added to 1 ml of either THF or water and after their complete dissolution (5 min. for 

ValNCA and 1min. for LeuNCA) the initiator (n-butylamine, R- or S- methyl ester of Val or Leu, 

25% mol / mol NCA monomer) was added. The polymerization reactions were performed at 

room temperature with vortex for 24 h. For the samples polymerized in THF, the solution 

remained homogeneous till the end of the reaction and one drop of this solution was used for the 

preparation of MALDI-TOF MS sample. For the samples polymerized in water, after the 

reaction was completed (~ 24 hrs), water was removed by lyophilization and the solid product 

was used for MALDI-TOF MS and MALDI-TOF-TOF MS sample preparation.  

MALDI-TOF MS analysis, sample and matrix preparation 

The oligopeptide products were dissolved in a minimum amount of TFA and the solution was 

diluted, four times by volume, with THF. The matrix was prepared in the following way: 6 mg of 

dithranol were dissolved in 125 µl of chloroform and to the obtained solution 125 µl of a 

solution prepared from 17 mg of NaI dissolved in 1ml THF were added. The final matrix 

solution was vortex for 10 minutes at high speed. The best preparation for the MALDI-TOF MS 

analysis was achieved by the double deposit procedure:  0.5 µl of the matrix solution was 

deposited on the target holder, then 0.5 µl of the sample solution was deposited on the matrix 

layer. The MALDI-TOF MS analysis was performed on a Bruker Reflex IITM MALDI-TOF mass 

spectrometer (Bruker, Bremen, Germany), equipped with a 337 nm nitrogen laser and with the 

SCOUT source (delayed extraction and reflector). Each mass spectrum was generated from the 

signal average of 300 laser shots.  
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MALDI-TOF-TOF analysis of the oligopeptides sequence 
 
Oligopeptide Na cationized ions formed by h R-residues and p S-residues (noted (h,p)) were 

analysed by MALDI-TOF-TOF (4700 Proteomics Analyzer Applied Biosytems) using a Time 

Ion Selector over a mass window (± 3u). Fragmentation of these ions by metastable 

decomposition and/or collision-induced dissociation (CID, gas N2 2x10-7 Torr, ion energy 1keV) 

showed that two main fragmentation series are produced for all the initiators. These two series 

comprise both the N- and the C-terminus of the oligopeptide and are Na+ cationized (Scheme 

S1). 

                 
Scheme S1. The two main fragmentation series observed for the oligopeptides Na+ cationized 
ions. They are referred to as y-type and a-type series. 
 

The influence of the oligopeptides length, handedness and deuteration were studied to verify that 

information on the oligopeptides sequence can be deduced from the fragmentation pattern. 

Figures S8A-B and D-E show plots of the ion fragment abundance for various isotactic 

oligopeptides (n=3–10) obtained from polymerization in water (insoluble part) with 25% n-

butylamine and illustrate that a reliable study of the sequence can be addressed since no 

deuteration and chiral effects are detected. Figures S8C and F show for the heterochiral hexamer 

(h,p) with n=h+p=6, the variation of total abundance for a given fragmentation (index k).  
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Figure S8. First fragmentation series (yk+Na)+: Effects of the peptide length (n=3-10) on the 

oligopeptide ion fragment abundance: (A) isotactic (n,0), (B) isotactic (0,n) and (C) heterochiral 

hexamer (h,p) with n=h+p=6, the variation of total abundance for a given fragmentation (index 

k). Second fragmentation series (ak-1+Na)+: Effects of the peptide length (n=3-10) on the 

oligopeptide ion fragment abundance: (D) isotactic (n,0), (E) isotactic (0,n) (F) heterochiral 

hexamer (h,p) with n=h+p=6, the variation of total abundance for a given fragmentation (index 

k). 

 

The y-type fragmentation series (yk+Na)+ allows, typically, to explore the sequence of the 

residues at N-terminus up to the half-length. The a-type fragmentation series (ak-1+Na)+ allows 

to explore the sequence at the C-terminus also over the half-length of the oligopepetides. Thus 

both series have to be used to get sequence information. In all MALDI-TOF-TOF experiments, 

the number of laser shots was typically 10000 on 50 different spots on the target. This 

measurement allows us to obtain a reliable statistic on the ion intensity. Due to the parent ion 

intensity decreasing with the mass of the oligopeptide the MALDI-TOF-TOF experiments were 

performed up to n<10. 
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Data analysis was performed as follows. From a given fragmentation index, the different 

fragment ion intensities are used and normalized (abundance) for both series. A comparison with 

the abundance calculated from a random polymerization made it possible to deduce information 

on the specific sequences. A program was developed to process the fragmentation data and to 

compare the ratio of the experimental abundance to the calculated random abundance. For a 

given fragment of one of the two series, if this ratio is larger than unity thus the sequences 

associated to this fragment are over-expressed. Conversely, if this ratio is lower than unity, the 

sequences are under-expressed. By using both fragmentation series it allows to stress the 

presence of peculiar features. Typical results: 

-polymerization of RS(d8)-Val-NCA in water with 25% N-butylamine, water-insoluble part  

The strong homochiral enhancement allowed the study of (h,p) oligopeptides (n=h+p) sequences 

from (n,0) up to (0,n). The fragmentation studies clearly highlight a block sequence. Typically 

for n=6, the over-expressed sequences (N to C terminus) were: RSSSSS and SSSSSR for (5,1), 

RRSSSS and SSSSRR for (4,2), RRRSSS and SSSRRR for (3,3), RRSSSS and SSSSRR for (2,4), 

RSSSSS and SSSSSR for (1,5). 

For n=4 to n=9, the oligopeptide (n-1,1) and (1,n-1) contain the single residue of opposite 

handedness located at either N or C-terminus and the oligopeptides (n-2,2) and (2,n-2) are 

formed by two blocks grouping residues of the same handedness. For oligopeptides (n>7) having 

a similar number of R and S repeating units, the blocks sequence was found to include alternate 

blocks of two to four residues R or S. As expected, the initiator n-butylamine is linked to R or S 

residues for all the oligopeptides. 

- polymerization of RS(d8)-Val-NCA in water with 25% S-Val-OMe, water-insoluble part  
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A strong block sequence was over-expressed when using a S-initiator. Typically, for n=6 and 7, 

the only over-expressed sequences (N to C-terminus) contained the block linked to the initiator 

and the initiator of the same handedness, i.e. RRRRRS (5,1), RRRRSS (4,2), RRRSSS (3,3), 

RRSSSS (2,4) and RSSSSS (1,5).  

 
 


