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Abstract: The present paper describes, five Gly-His-Lys ana-
logues. The model tripeptide possesses a wide range of biological
activities such as stimulation of collagen and elastin synthesis,
modulation of proteoglycan and glycosaminoglycan production,
regulation of growth rate and migration ability of different cell
types. It also activates anti-inflammatory and antioxidant re-
sponse. Thus, it has been investigated as an agent in skin disease
therapy or skin care products.
All designed analogues containing fragment of Gly-X-Y (X=Met,
Hyp, Hyp-Met, Gly-Hyp, Y=placeLys or D-Lys) were synthe-
sized by manual solid-phase synthesis using Fmoc strategy. The
peptide-resin was then acetylated with a mixture of acetic anhy-
dride and pyridine. Deprotection of the peptide side chain and
liberation N -acetylated peptides from the resin was achieved us-
ing TFA cocktail. All analogues were purified and characterized
by CityplaceCityRP-HPLC, StateMS, elemental analysis. Both
lipophilicity profile and affinity of the peptides to the stratum
corneum were also discussed.

1. Introduction

Short amino acid sequences represent a still growing field of cosmetology and give a
promising future in dermatology. A wide range of their biological activities leads to
obtain the peptide sequence addressed to the specific skin disorders. Different modi-
fications of model peptide sequence have a significant influence on several parameters
such as stability, solubility, potency, toxicity, transdermal delivery system and cost
(Fields, Falla, Rodan & Bush 2009, Farage, Miller & Maibach 2010, Kukowska &
Dzierzbicka 2010, Reddy, Jow & Hantash 2012).

The object of our research is a small, highly hydrophilic molecule, Gly-His-Lys.
The peptide sequence is naturally localized in the α-II-chain of human collagen.
Tripeptide promotes the degradation of extra large collagen aggregates found in scars
and regulates collagen synthesis in normal skin. It can stimulate not only elastin,
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proteoglycan and glycosaminoglycan production but also growth rate and migration
ability of different cell types. Peptide also activates anti-inflammatory and antioxidant
response (Simeon, Wegrowski, Bontemps & Maquart 2000, Lupo 2005, Mazurowska
& Mojski 2007, Kukowska & Dzierzbicka 2010). The modification of N -terminus of
the peptide with the lipophilic substituent enhances its affinity to skin barrier and
allows the molecule to reach a specific site of action. (Starzyk & Arct 2003, Chirita,
Chaimbault, Archambault, Robert & Elfakir 2009, Kukowska & Dzierzbicka 2010).

Both experimental methods and different software products based on mathemati-
cal calculations are used to predict the distribution coefficient (logD) that is correlated
with the penetration process of the molecule (Comer & Tam 2001, Smith, der Water-
beemd & Walker 2006).

2. Solid-phase synthesis

The present paper describes Gly-His-Lys analogues that were prepared by manual
solid-phase synthesis using Fmoc strategy. All analogues 1-5 (Fig. 1) contain a frag-
ment of Gly-X-Y (X=Met, Hyp, Hyp-Met, Gly-Hyp, Y=placeLys or D-Lys) and
N -terminal acetyl group. The synthesis was started by anchoring the first residue
with a carboxylic group to a polymeric support. Therefore Fmoc-L-Lys(Boc)-OH or

Fig. 1. Diagram of peptides trifluoroacetate salts (a) analogues with placeLys, (b)
analogues with D-Lys.
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Fmoc-D-Lys(Boc)-OH was diluted in dry DCM (several drops of dry DMF was added
in order to complete dilution) and added to 2-chlorotrityl resin, swelled earlier in dry
DCM. The reaction between the trityl residue of the resin and the carboxylic group
of protected lysine was carried out in alkaline environment, in the presence of N,N -
diisopropylethylamine (DIPEA). The loading of the first residue was determined by
HPLC analysis and the difference in mass of the dried resin.

The method of elongation of the peptide chain was based on a two-step procedure
involving deprotection and coupling. The Fmoc group was removed in the pres-
ence of 25% piperidine solution in DMF. Coupling reaction was conducted using N α-
Fmoc protected amino acid and N -hydroxybenzotriazole (HOBt) diluted in a mixture
of NMP:DCM:DMF (1:1:1, v/v/v), in the presence of N,N -diisopropylcarbodiimide
(DIC) at room temperature. After the final Fmoc deprotection, the peptide-resin
was acetylated with a mixture of acetic anhydride and pyridine (1:1, v/v) in DMF.
Deprotection of the peptide side chain and liberation from the resin was achieved in
a single step using the standard procedure, TFA:TIS:H2O (95:2.5:2.5, v/v/v). For
two analogues containing Met residue (3, 4), the liberation of peptide from resin was
carried out under argon atmosphere. After filtration and washing the resin again with
TFA cocktail, chilled Et2O was added and the resulting crude mixture was centrifuged
to isolate N -acetyl peptide.

All synthesized analogues were dissolved in 0.1% TFA in H2O and purified by
reversed-phase solid-phase extraction (RP-SPE) using the increasing concentration of
80% CH3CN with addition of 0.1% TFA. The process was repeated many times to
obtain highly pure compounds, greater than 97%, with the yield >50%. The purity
of the final products was assessed by an analytical HPLC (Agilent Technologies 1290
Infinity System) using a linear solvent gradient of 0-84% B over 12 min (solvent
A=0.1% TFA in H2O; solvent B=80% CH3CN with addition of 0.1% TFA) with an
analytical column (ZORBAX SB-C8 Rapid resolution HT, 3x50 mm, particle size: 1.8
µm), at a flow rate of 0.6 ml/min, UV detection at wavelength 226 nm. All analogues
(1-5) were confirmed by MS and elemental analyses and gave satisfactory results.

3. Prediction of distribution1 coefficient (logD)

In this study, we also tried to analyze and explain the behaviour of N -acetylated
with regards to the lipid membrane. We used I-LAB 2.0 programme to obtain the
lipophilicity profiles (logD vs. pH 2-10) of the compounds 1-5 . The logD values were
increasing with pH values suggesting that analyzed compounds possess the highest
affinity in physiological pH (logD7.4

max). Modification of the N -terminus of the pep-
tide prevents NH2 group from being charged over the whole range of pH. In fact,
three different species of peptides (protonated, neutral – zero net charge, deproto-
nated) exist for modified peptides. Dissociation constants, pKa1 (γNH2-Lys) and
pKa2 (C-terminal) were determined and used to the ionization plots of Gly-His-Lys
analogues (Hyperquad Simulation and Speciation - Hyss 2008). Zwitterionic form of
modified analogues exists over the whole range of pH and the maximum percentage
of zwitterionic form is observed in the pH range 4-9. This observation proves that the
zwitterionic species are more lipophilic than other singly charged cations or anions.

1apparent partition coefficient
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It may also be attributed to the transfer of zwitterions with zero total charge into
the lipid phase, which does not require corresponding transfer of counterion. It can
also explain better affinity of N -acetylated analogues (1-5) to the lipid membrane than
their unmodified equivalents. The substitution of His residue by Met, Hyp, Hyp-Met,
Gly-Hyp does not have any significant influence on the logDI−LAB2.0 values. The
results encourage to determine the logD values experimentally and further in vitro
studies using the phospholipid bi-layers.

4. Conclusion

In summary, we have presented the solid-phase synthesis of N -acetylated Gly-His-Lys
analogues. All compounds (1-5) gave satisfactory analytical results. A good yield
and high purity of peptides were obtained.

Lipophilic modification of the peptide by acylation has a potencial influence on
biological activity of compounds. Calculation of the logD values plays an important
role in new analogue research and development. The knowledge of lipophilic behaviour
of the compounds helps to estimate their ability to penetrate through the biological
membrane. All synthesized analogues with N -acetylated group of glycine possess the
higher logD7.4 values than unmodified analogues. Modelling the lipophilicity profile of
the compounds (1-5) using I-LAB 2.0 is the best way to compare the parameters with
the experimental results. A specific correlation will be obtained by comparing both
calculated and experimental logD values. It will be a knowledge base of information
about the potential activity and structure-lipophilicity relationships of peptides and
will be described elsewhere.
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