
(Ala)10Lys was synthesized using conventional Fmoc solid phase peptide synthesis (SPPS) 
in 17.2 hours.  The effects of different resins, deprotection reagents, solvents and reaction 
times on the synthesis of the peptide were compared.  It was found that adding 2% Diaz-
abicyclo [5.4.0] undec-7-ene (DBU) to the deprotection solution resulted in a higher purity 
crude peptide, and allowed the synthesis time to be signifi cantly reduced.  A small portion 
of crude peptide was isolated using an RP-HPLC column and the mass of the fi nal product 
was confi rmed with MALDI-TOF mass spectrometry.

ABSTRACT

INTRODUCTION
Peptides containing poly-alanine tracts have been associated with several human dis-
eases and malformations [1] and have been used to form model beta sheet systems for 
studying Alzheimer’s disease [2,3].  Due to their high propensity to aggregate after the fi fth 
residue, these sequences are extremely diffi cult to synthesize by conventional Fmoc solid 
phase peptide synthesis. 

Poly-alanines have been synthesized using both Boc and Fmoc chemistry [2-4].  Over the 
years, several techniques have been explored to improve the synthesis of poly-alanines 
by overcoming aggregation.  Incorporating proline into the sequence was found to disrupt 
aggregation until an additional six alanine residues were added [5].  Various alanine mono-
mers have also been developed to disrupt aggregation including Tmob-Ala and Hmb-Ala 
[6-7].  Other methods used to improve the synthesis of poly-alanines include using DBU in 
the deprotection solution [8] and using microwave irradiation [7].

In this work, we synthesize a model poly-alanine peptide, (Ala)10Lys, using conventional 
Fmoc solid phase peptide synthesis.  Lysine was added to the C-terminus in order to im-
prove the aqueous solubility of the fi nal peptide [2].  The effect of different resins, solvents, 
deprotection reagents, and reaction times on the purity and yield of the fi nal product were 
studied.

EXPERIMENTAL

RESULTS

Materials: Fmoc-Lys(Boc) Wang, Fmoc-Lys(Boc) Wang LL, and Fmoc-Lys(Boc)-NovaSyn TGA resin were 
purchased from Novabiochem (Boston, MA).  Fmoc-Lys(Boc)-CLEAR Acid resin and Rink Amide MBHA resin 
were purchased from Peptides International (Louisville, KY).  Fmoc-Lys(Boc) HMPB ChemMatrix resin was 
purchased from Matrix Innovation (Montreal, QC) and Fmoc-Lys(Boc) HMP resin was purchased from Nuros.  
Amino acids, HCTU and solvents were provided by Protein Technologies, Inc. (Tucson, AZ) and cleavage 
reagents were purchased from Sigma-Aldrich (St. Louis, MO). 

Peptide Synthesis: Syntheses were performed at the 25 µmol scale on a Symphony® peptide synthesizer 
or at the 20 µmol scale on a Prelude™ peptide synthesizer from Protein Technologies, Inc. (Tucson, AZ) 
using a 10-fold excess of Fmoc amino acids (200 mM) with respect to the resin. Deprotection was performed 
using 20% piperidine in DMF or 2% DBU/20% piperidine in DMF.  Couplings were achieved using 1:1:2 
amino acid/HCTU/NMM in DMF. Cleavage was performed by treating the resin with 95:2:2:1  TFA/anisole/
water/TIS for 2 hours.  

Analysis: Crude peptides were precipitated with anhydrous ether, air-dried overnight, dissolved in 
1,1,1,3,3,3-Hexafl uoro 2-propanol (HFIP) or trifl uoroacetic acid (TFA) and analyzed using a Varian ProStar 
HPLC, equipped with a C18, 300 Å, 5 µm, 250 x 4.6 mm column (Varian Microsorb-MV), over 60 minutes 
with a fl ow rate of 1 mL/min and using a gradient of 5-95% B where Buffer A was 0.1% TFA in water and 
Buffer B was 0.1% TFA in acetonitrile. Detection was at 214 nm. The main product peak was isolated using a 
50 x 4.6 mm column over 7 minutes with a fl ow rate of 2 mL/min.  All other HPLC conditions were the same.  
Mass spectrometry was used to verify the structure of the peptides using matrix-assisted laser desorption/
ionization-time of fl ight (MALDI-TOF) mass spectrometry on a Voyager-DETM BioSpectrometry Workstation 
from PerSeptive Biosystems or at the University of Arizona mass spectrometry facility.
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We have demonstrated the successful conventional synthesis of the polyalanine sequence 
(Ala)10Lys.  The effects of multiple parameters on the crude purity and yield were determined.  
Rink Amide MBHA resin out-performed all of the acid resins overall, while among the acid resins 
the Wang polystyrene resins produced the best combined results for crude purity and yield, and 
lower loadings were shown to provide a slightly better result.  Adding 2% DBU to the deprotec-
tion solution had the largest positive effect and increased the crude purity from 42% to 71%, and 
the overall synthesis time was able to be dramatically decreased from 17.2 hours to 5.5 hours 
with only a slight loss in purity from 71% to 67% and no loss in yield.  Using DMSO as a solvent 
did not show any substantial benefi t for the deprotection and coupling reactions. 
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Table 1: Resins, loadings, retention times, percent purities and yields for (Ala)10Lys synthesized on different 
resins.  

Resin Loading 
(mmol/g)

Retention 
Time (min) % Purity Yield 

(mg) % Yield

Rink Amide MBHA 0.47 8.868 56 24.2 113
Fmoc-Lys(Boc)-HMPB ChemMatrix 0.68 8.320 50 10.9 51

Fmoc-Lys(Boc)-Wang LL 0.24 8.334 46 26.5 124
Fmoc-Lys(Boc)-CLEAR 0.45 8.346 43 8.8 41
Fmoc-Lys(Boc)-Wang 0.55 8.279 42 25.4 119
Fmoc-Lys(Boc)-HMP 0.48 8.357 38 28.6 133

Fmoc-Lys(Boc)-NovaSyn TGA 0.21 8.400 37 14.0 65

Resins
(Ala)10Lys was synthesized on seven different resins.  Deprotection was performed with 
20% piperidine in DMF for 1 x 3 and 1 x 15 minutes, and coupling was performed for 2 x 30 
minutes.  The results are summarized in Table 1.  The highest purity of 56% was obtained 
from the Rink Amide MBHA resin.  The amide resin out-performed all of the acid resins.  
Among the acid resins, the HMPB ChemMatrix resin produced the highest purity at 50%, 

In summary, the amide resin out-performed all of the acid resins.  Among the acid resins, 
the Wang polystyrene resin was the best overall performer with both high purities and 
yields.  Decreasing the loading did produce a slightly higher purity, however, which we 
have seen before [9].

DBU
Next, the effect of adding 2% DBU to the deprotection mixture was tested.  (Ala)10Lys-OH 
was synthesized on Fmoc-Lys(Boc)-Wang resin (0.55 mmol/g) using either 20% piperidine 
in DMF or 2% DBU/20% piperidine in DMF for the deprotection reaction.  Deprotection was 
performed for 1 x 3 and 1 x 15 minutes, and coupling for 2 x 30 minutes.  Adding DBU to the 
deprotection solution signifi cantly increased the purity of the fi nal product peptide from 42% 
to 71% (Peak 1 in Figure 1) which has been observed before for polyalanine sequences 
[8].  This is due to the fact that DBU is a stronger base than piperidine.  However, it is 
important to keep piperidine in the solution as it scavenges the released dibenzofulvene 
molecule.  Mass analysis showed that without DBU, the major impurity peak was the 7-mer 
protected peptide Fmoc-(Ala)6Lys-OH, indicating that incomplete deprotection resulted in 
this side product (Peak 2 in Figure 1).  When DBU was used in the deprotection solution, 
the size of this peak was signifi cantly reduced, indicating the deprotection reaction was 
more effi cient.  

Reaction Times
The effect of reducing deprotection and coupling times was studied.  (Ala)10Lys-OH was 
synthesized on Fmoc-Lys(Boc)-Wang resin (0.55 mmol/g) using 2% DBU added to the 
deprotection solution and various deprotection and coupling times.  Shortening the reaction 
times had minimal to no effect on yield, however, the purity was directly correlated to the 
reaction times (Table 2).  The highest purity of 71% was obtained with the longest reaction 
times.  When the deprotection and coupling times were decreased to 2 x 5 min each, the 
purity decreased only 4% to 67% (Figure 2a), however the synthesis time was decreased 
from 17.2 hours to only 5.5 hours.  When the deprotection time was reduced to 2 x 2:30 min 
and 2 x 1 min, there was a corresponding drop in purity to 62% and 59%, respectively.  Al-
though the synthesis time was also reduced by about an hour, the overall purity decreased 
9-12% (Table 2).  However, the purities in each case were higher than when 2% DBU was 
not added to the deprotection solution (42%, Table 1, Figure 1a). 

DMSO
The effect of DMSO vs. DMF on the deprotection and coupling reaction was studied.  
(Ala)10Lys-OH was synthesized on Fmoc-Lys(Boc)-Wang resin (0.55 mmol/g) using either 
DMF or DMSO as the solvent for the deprotection or the coupling reaction.  In each case, 
2% DBU was added to the deprotection solution.  The resulting crude purities and yields 
are shown in Table 3.  Performing the deprotection reaction in DMSO showed no decrease 
in purity or yield at long reaction times.  However, when the deprotection times were de-
creased, the yields also decreased by 15-20%.  The effect on purity was inconclusive be-
cause the results were inconsistent.  Performing the coupling reaction in DMSO caused 
a slight decrease in yield that ranged from 4-9%, with more signifi cant losses in purity of 
14-17%.  Therefore, it was deemed more effi cient to keep all reactions in DMF.

Table 2: Retention times, percent purities, yields, and synthesis times for (Ala)10Lys-OH synthesized with various 
deprotection and coupling times.

Deprotection 
Time (min)

Coupling 
Time (min)

Retention 
Time (min) % Purity Yield 

(mg) % Yield Synthesis 
Time (h)

1 x 3, 1 x 15 2 x 30 8.022 71 24.3 113 17.2
2 x 5 2 x 5 8.142 67 24.1 112 5.5

2 x 2:30 2 x 5 8.079 62 24.3 113 4.6
2 x 1 2 x 5 8.098 59 23.5 110 4.2

Table 3: Percent purities and yields for (Ala)10Lys-OH synthesized with different reaction times and either DMF or 
DMSO as the deprotection or coupling solvent.

Deprotection 
Time (min)

Coupling 
Time (min)

% Purity % Yield
Both in 

DMF
Dep in 
DMSO

Coup in 
DMSO

Both in 
DMF

Dep in 
DMSO

Coup in 
DMSO

1 x 3, 1 x 15 2 x 30 71 73 55 113 112 106
2 x 5 2 x 5 67 61 53 112 97 104

2 x 2:30 2 x 5 62 63 48 113 95 109
2 x 1 2 x 5 59 66 42 110 92 101

Figure 2: a) (Ala)10Lys-OH synthesized with 2 x 5 min deprotection times and 2 x 5 min coupling times on Fmoc-
Lys(Boc)-Wang resin (0.55 mmol/g).  2% DBU was added to the deprotection solution.  The crude purity was 
67%.  b) HPLC and mass spectrometry (inset) data of purifi ed (Ala)10Lys-OH.  Theoretical [M+H]+ = 856 m/z, 

[M+Na]+ = 878 m/z.

a) b)

Figure 1: (Ala)10Lys-OH was synthesized on Fmoc-Lys(Boc)-Wang resin (0.55 mmol/g) and deprotected using a) 20% piperidine in DMF (-DBU) or b) 2% 
DBU/20% piperidine in DMF (+DBU).  Oversized prepeak is TFA.  1 = (Ala)10Lys-OH product; 2 = Fmoc-(Ala)6Lys-OH side product.
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Purifi cation
A small portion of crude (Ala)10Lys-OH was isolated by HPLC to verify the product mass (Figure 2b).

[M+H]+

[M+Na]+

but the yield was extremely poor at 51%.  The Wang resins both produced high yields, 
however, the lower loaded Wang resin produced a higher purity product at 46% with a 0.24 
mmol/g loading vs. 42% at a loading of 0.55 mmol/g.  CLEAR resin also produced a com-
parable purity product at 43%, but had the lowest yield at 41%.  HMP had a strong yield, but 
lower purity at 38%.  TGA had the lowest purity at 37% as well as a low yield at 65% and 
had the worst results overall.  The theoretical yield was 21.425 mg, however, some of the 
experimental yields are greater than 100%.  This could be due to the fact that the samples 
were not de-salted or lyophilized prior to analysis.
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