
Human SDF-1α is a member of the chemokine family of peptides, and contains 68 amino 
acids (Figure 1). This long peptide was synthesized in 101 hours using a conservative 
conventional protocol. Reaction times were reduced to 2 x 2 min deprotection times and 
2 x 2.5 min coupling times, resulting in a total synthesis time of 22 hours.  The effects 
of different resins and deprotecting reagents on crude peptide purities and yields were 
compared.  The peptide was purifi ed by analytical RP-HPLC and the mass was confi rmed 
using MALDI-TOF mass spectrometry. 

H2N-KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNNNRQVCIDPKLK-
WIQEYLEKALNK-OH 

Figure 1: Sequence of SDF-1α.

ABSTRACT

INTRODUCTION
Stromal cell-derived factor 1α (SDF-1α) or CXC chemokine ligand 12α (CXCL12α) is a 
member of the chemokine family of peptides, which is involved in basal leukocyte traffi ck-
ing and homing, as well as in development [1].  Many scientists are interested in SDF-1α
because the interaction of SDF-1α with its receptor, CXCR4, is involved in HIV pathogen-
esis [2] and cancer metastasis such as breast cancer [3] and lung cancer [4].
 
Scientists have successfully produced and isolated SDF-1α from Escherichia coli through 
recombinant protein expression.  This process is no longer feasible, however, with re-
spect to labeling, purity, reproducibility, scale-up, GMP manufacturing and selective modi-
fi cations [5]. SDF-1α is commercially available but is extremely expensive.       

To the best of our knowledge, there are no publications on the step-wise conventional 
Fmoc solid phase peptide synthesis of SDF-1α.  However, there is one article on the 
general synthesis of chemokines that includes SDF-1α [5].  In 1997, Ueda et al. also re-
ported the synthesis of a SDF-1α analogue by chemical ligation [6]. The fragments of this 
analogue were synthesized using an in situ neutralization Boc chemistry protocol.
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In 2008, we reported that HCTU is a very reactive and relatively inexpensive coupling re-
agent which can be used as a substitute for the more expensive coupling reagent HATU.  
As such, we were able to use HCTU to perform fast Fmoc peptide synthesis with coupling 
times of 5 minutes or less [7].  From our published [8] and unpublished studies, we found 
that lower substituted resins improved the crude purities of diffi cult and long peptides 
compared to higher substituted resins.  

We therefore decided to synthesize SDF-1α from Fmoc-Lys(Boc)-Wang-PS-LL resin 
(0.26 mmol/g) which has the lowest resin loading in our stock.  We initially synthesized 
the peptide with a classical conventional protocol.  The Fmoc protecting group was re-
moved by a 3 min followed by a 17 min treatment with 20% piperidine in DMF, and the 
free amine group on the resin was coupled for 2 x 30 min with Fmoc protected amino 
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Figure 2: HPLC’s of crude SDF-1α synthesized on Wang-PS resin (0.26 mmol/g) for (a) 101 hours, (b) 22 hours, 
(c) with DBU added to the deprotection mixture, (d) on HMPB-ChemMatrix resin (0.68 mmol/g), (e) on Wang-PS 

resin (0.55 mmol/g), and on (f) CLEAR resin (0.45 mmol/g).  Blow-up of main peak shown in circles.

close to the main peak, it was diffi cult to quantitatively analyze the crude peptide purity 
with integration.  However, the HPLC traces of the crude peptides from the long and 
reduced syntheses are comparable (Figure 2a & 2b). 

Previously, we had found that adding 2% DBU to the deprotection mixture was benefi cial 
for the synthesis of diffi cult peptides such as β-amyloid1-42 (data not shown).  2% DBU 
was therefore added to the deprotection mixture and the 22 hour synthesis was repeated.  
Contrary to the β-amyloid1-42 result, we found that the addition of DBU produced a post-
shoulder after the main peak, which was not present signifi cantly when the peptide was 
synthesized with piperidine in DMF (Figure 2b & 2c).  

To investigate the effect of resin materials and loadings on the synthesis, the 22 hour syn-
thesis was repeated using HMPB-ChemMatrix resin (0.68 mmol/g), CLEAR resin (0.45 
mmol/g), and a higher-loaded Wang PS resin (0.55 mmol/g).  HMPB-ChemMatrix at a 
loading of 0.68 mmol/g (Figure 1d) produced a higher purity peptide than Wang-PS resin 
with a loading of 0.55 mmol/g (Figure 1e) but was less pure than the lower loaded 0.26 
mmol/g Wang-PS resin (Figure 1b). This shows that at comparable loadings, ChemMatrix 
produces a higher purity crude peptide than polystyrene.  However, resin loading seems 
to be more infl uential than the resin material, for at a loading of 0.26 mmol/g, polystyrene 
produces a higher purity crude peptide than the higher loaded ChemMatrix resin. This is 
similar to our previous fi ndings [7-8]. CLEAR resin did not show an improvement over the 
Wang-PS-LL resin (Figure 1f).  As it was made of a different material and had a higher 
loading, it is diffi cult to say whether one or both variables were responsible for the result.  

Figure 3: (a) HPLC and (b) mass spectrum of purifi ed SDF-1α.

(a) (b)acids activated with HCTU.  Resins were washed 3 times with DMF and 3 times with DCM 
between deprotection and coupling steps, resulting in a total synthesis time of 101 hours 
(Figure 2a & Table 1).  The crude peptide was then purifi ed and its mass was confi rmed 
with MALDI-TOF (Calculated: 7963.5 m/z, Observed: 7959.9 m/z) (Figure 3).

Table 1: Summary of resins and synthesis conditions used to synthesize SDF-1α.

Solid 
Support Linker Subst 

(mmol/g)
Deprotecting 

Reagent
Deprotection 

Time
Coupling 

Time Washes

PS Wang 0.26 20% Pip 3, 17 min 2 x 30 min 3 DMF/ 
3 DCM

PS Wang 0.26 20% Pip 2 x 2 min 2 x 2.5 min 1 DMF/ 
1 DCM

PS Wang 0.26 2% DBU/ 
20% Pip 2 x 2 min 2 x 2.5 min 1 DMF/ 

1 DCM

ChemMatrix HMPB 0.68 20% Pip 2 x 2 min 2 x 2.5 min 1 DMF/ 
1 DCM

PS Wang 0.55 20% Pip 2 x 2 min 2 x 2.5 min 1 DMF/ 
1 DCM

CLEAR HMPA 0.45 20% Pip 2 x 2 min 2 x 2.5 min 1 DMF/ 
1 DCM

From our published research on fast Fmoc solid phase peptide synthesis [7, 8, 9], we 
had confi dence that we would be able to reduce the total synthesis time from 101 hours.  
Deprotection times were reduced to 2 x 2 min and coupling times to 2 x 2.5 min.  Washing 
was also reduced from 3 x 30 sec with DMF and 3 x 30 sec with DCM to only one time 
with each solvent between deprotection and coupling steps.  The total synthesis time with 
these reduced reaction times was 22 hours.  Since there are pre- and post-shoulders 

DOC# 9080055 Rev 01


