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Polyene macrolide amphotericin B (AmB) is the drug of choice for the treatment of dissemi-
nated fungal infections. However, because of its pronounced side effects, the drug has limited
applicability. There are few interesting reports, which state that co-administration of the drug
with homo-peptide of polyaspartic acid reduces the side effects of the drug. In our present
study, an approach has been made to systematically synthesize low molecular weight hetero-
peptides consisting of L-aspartic acid and its derivative. It was hypothesized that such hetero-
peptides will reduce the toxic side effects of the drug by facile hydrophobic binding between
the polymer and the drug. We have employed the strategy of solid phase peptide synthesis
(SPPS) to synthesize low molecular weight hetero-peptides by using L-aspartic acid and ben-
zyl-L-aspartic acid to induce the hydrophobic binding between the peptide and the drug. In
future, the proposed methodology can be employed to tailor other polypeptides substituted
with benzyl groups to reduce the nephrotoxicity of AmB.
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INTRODUCTION During the last decade, new AmB preparations which
. are formulation of lipids such as liposome and lipid
As a part of ongoing research in our laboratory, we have  complex and possess reduced toxicity profile have been
focused our attention on reducing the side effects of AmB  developed and marketed (Berman, 1997; Mullen et al.,
by administration of the drug with hetero-peptides com-  1997; Townsend ef al., 2001; Saxena and Ghosh, 2004;
prising of L-aspartic acid and benzyl-L-aspartic acid. Wiebe and DeGregorio, 1988). The chemical modifications
Invasive systemic fungal infections are important causes  of AmB molecule have also been investigated to reduce
of morbidity and mortality among immunodeficient patients  its toxicity and to improve solubility (Brajtburg ef al., 1990;
who are under aggressive chemotherapy, organ trans-  Borowski, 2004).
plantation, and HIV infection. Polyene macrolide (AmB) is There was an interesting report on renal protection
the drug of choice for the treatment of most systemic  upon co-administration of the drug with homo-peptide of
fungal infections such as invasive pulmonary aspergillosis  polyaspartic acid (Kishore et al., 1990a, 1990b). From a
and disseminated mycosis (Warnock, 1991; Brime et al.,  similar font of work, it was speculated that the reduced
2004). However, usefulness of the drug is limited due to  renal side effect may be attributed to electrophysiological
its pronounced side effects like flu-like symptoms and alterations in the drug due to presence of polyaspartic
nephrotoxicity. Up to 80% of patients receiving AmB treat- acid (Kaloyanides, 1994). However, there has been no
ment developed some degree of renal impairment (Bodey  other further research on developing conjugates of drug
et al., 1994; Meyer et al., 1973; Branch, 1988), which may  apart from the homo-peptide of polyaspartic acid with
warrant a dose reduction or even cessation of treatment molecular weight of 9,000-15,000. On the basis of
(Bodey et al., 1994; Meyer et al., 1973; Branch, 1988). previous findings, we have undertaken a project to investi-
gate the effect of low molecuiar weight hetero-peptides
Correspondence to: Kun Han, College of Pharmacy, Chungbuk  consisting of L-aspartic acid and benzyl-L-aspatrtic acid on
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Decapeptide of L-Aspartic Acid and Benzyl-L-Aspartic Acid

Fig. 1. Chemical structure of amphotericin B

of L-aspartic acid and its derivative, benzyl-L-aspartic acid.
AmB is an amphiphilic molecule, which possesses two
distinct moieties, i.e., hydrophilic and hydrophobic parts
as shown in Fig. 1. Therefore, we have hypothesized that
hetero-peptides of aspartic acid and its hydrophobic deriv-
ative which mimicks AmB’s amphiphilicity and possesses
similar molecular weight may be an efficient systems to
achieve our goal. The number of amino acid residues in
these target peptides was ten and the molecular weight
ranged between 1,300 and 1,600. Herein, we report the
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synthesis of the hetero-peptides of L-aspartic acid and
benzyl-L-aspartic acid, which mimic the molecular structure
of AmB by following SPPS methodology (Merrifield, 1963).
Till date, there have been no reports on the synthesis of
the hetero-peptide of the aspartic acid and its derivatives
by SPPS methodology.

MATERIALS AND METHODS

Chemicals

Resin (N-Fmoc-4-t-butyl-L-aspartic acid SASRIN resin
ester (1), Lot number 095H0704, 0.50 mmol/g), protected
benzyl-L-aspartic acid (Fmoc-L-aspartic acid-4-benzyl
ester (2)), piperidine, and 9-Fluorenyl methyl chloroformate
were purchased from Sigma and were used as obtained.
Protected L-aspartic acid (N-Fmoc-L-aspartic acid-4-t-
butyl ester (3)) was purchased from Fluka and was used
without any further purification. Dicyclohexylcarbodiimide
(DCC), trifluoroacetic acid (TFA), and methyl disulfide
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Scheme 1. Synthesis of decapeptide consisting of L-aspartic acid and benzyl-L-aspartic acid
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were obtained from Aldrich. Other reagents and solvents
such as dimethylformamide (DMF), methanol, ethanol,
dichloromethane (DCM), and anisole (Junsei) were used
as obtained from commercial sources.

Synthetic procedure of hetero-peptide

Decapeptide synthesis of L-aspartic acid and benzyl-L-
aspartic acid was performed manually on a sintered glass
crucible, which was equipped with a nitrogen cylinder and
a vacuum pump. Resin (1) loaded with 0.50 mmol amino
acid per gram was used as a solid support, and Fmoc-
protected benzyl-L-aspartic acid (2) and t-butyl-L-aspartic
acid (3) were coupled in the presence of DCC according
to standard Fmoc-SPPS methodology (Carpino and Han,
1972; Sheppard, 1986; Miranda and Alewood, 1999).
Detailed synthetic procedures are illustrated in Scheme 1
and described below.

Step 1:

Suspension of resin (0.16 mmol) in DMF (20 mL) was
taken in a sintered glass crucible and was purged with
nitrogen gas for 5 min. DMF was filtered off by suction
filtration and the process was repeated again by purging
nitrogen gas in DMF suspension for 5 more min.

Step 2:

Deprotection of terminal Fmoc group attached to the resin
was carried out by treating the resin with piperidine-DMF
(1:1 viv, 20 mL) twice for 5 and 25 min, successively. After
removing piperidine and DMF via suction filtration, the
resin was washed with 20 mL of DMF three times for 3 min.

Step 3:

The deprotected resin was then allowed to couple with five-
fold excess amount of protected-benzyl-L-aspartic acid
(0.80 mmol, 2) or protected-L-aspartic acid (0.80 mmol, 3)
in the presence of four-fold excess amount of DCC (‘0.64
mmol) in DMF (20 mL) under nitrogen gas purging for 2 h.
After removing DMF by suction filtration, the solid mixture
was thoroughly washed in the order of DMF (2x20 mL),
MeOH (2x20 mL), and DMF (20 mL) for 2 min in each step
to form resin bound dipeptide (4). Steps 2 and 3 were
repeated until resin bound protected decapeptide of L-
aspartic acid and benzyl-L-aspartic acid was obtained.

Step 4:

The terminal N-Fmoc group of resin-bound decapeptide
was deprotected by treating the resin with piperidine-DMF
(1:1 viv, 20 mL) according to-the same procedure as
described in Step 2.

Step 5:
After replacing the coliecting flask with a fresh flask, the -
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butyl groups of resin-bound decapeptide and resin were

"cleaved by using the mixture of reagents, i.e., TFA,

anisole, dimethyl sulfide, and DCM in a volumetric ratio of
30:5:5:60. The mixture of the reagents (25 mL) was added
to the sintered glass crucible and stirred by nitrogen gas
purging for 45 min. Subsequently, the mixture was filtered
off via suction and the filtrate was collected in the
collecting flask. The sintered glass crucible was washed
successively with DCM (2x20 mL) and EtOH (2x20 mL)
and the resultant liquid was collected in the flask. The
product and combined solvents were concentrated under
reduced pressure. Remaining anisole was then driven off

~under high vacuum by warming the flask in a stream of

hot air. The decapeptide of L-aspartic acid and benzyl-L-
aspartic acid was dissolved in MeOH followed by slow
addition of diethyl ether to induce precipitation of the
product.

RESULT AND DISCUSSION

A stepwise SPPS methodology was used for the pre-
paration of decapeptides comprising of L-aspartic acid
and benzyl-L-aspartic acid. The design of the synthesis
and synthetic approaches were performed on the basis of
following considerations. The amino group of L-aspartic
acid and benzyl-L-aspartic acid should be protected by
base-labile Fmoc group. L-Aspartic acid contains B-
carboxylic side chain, which should be protected by base-
stable and acid-labile protecting group, for the survival
during deprotection of base-labile Fmoc-group and to
avoid formation of by-products. Also, benzyl group of
benzyl-L-aspartic acid should be intact throughout the
process of SPPS. The t-butyl group has been the choice
of proper protecting group to satisfy such requirements,
because it is base-stable and can be simultaneously
removed during the mild acid (TFA) treatment for the
cleavage of the resin in the last step of synthesis.

Table 1. Yields, retention times, and R; values of the six decapeptide
derivatives

Compound D Yield (%)  Retention Time (min)? RP
A2 >95 6.89 0.60
A3 >95 4.41 0.64
Ad 90 4.69 0.63
F2 95 7.82 0.38
F3 70 7.07 0.37
F4 86 6.56 0.38

® Column: Xterra@ MS Cy 3.5 pm, 2.1x150 mm; mobile phase:
mixture of agueous solution of 50 mM ammonium formate and
acetonitrile (98:2, viv); detector: UV at 254 nm; flow rate: 150 plL/min;
injection volume: 3 pL

® TLC: On silica gel plate with mobile phase of DCM and MeOH (2:1, v/v)



Decapeptide of L-Aspartic Acid and Benzyl-L-Aspartic Acid

A2 : (Asp-4-Bn)-(Asp-4-Bn)-(Asp);-Asp-OH

A3 : (Asp-4-Bn)-(Asp-4-Bn)o-(Asp)g-Asp-OH

A4 : (Asp-4-Bn)-(Asp-4-Bn)s-(Asp)s-Asp-OH

F2 : (Asp-4-Bn)-(Asp);-(Asp-4-Bn)-Asp-OH

F3 : (Asp-4-Bn)-(Asp)s-(Asp-4-Bn)-(Asp)s-(Asp-4-Bn)-Asp-OH

F4 : (Asp-4-Bn)-(Asp)-(Asp-4-Bn)-(Asp),-(Asp-4-Bn)-(Asp),-
(Asp-4-Bn)-Asp-OH

H O

Asp; N
HO

Bn; -benzyl

0]

Fig. 2. Six decapeptide derivatives bearing the benzyl groups oat
different positions.

The methodology resulted in relatively high yield (70-95
%) of the new target compounds as shown in Table |. We
have synthesized six decapeptides represented as A2,
A3, A4, F2, F3, and F4, where the first letter depicts the
location of benzyl-L-aspartic acid residues either adjacent
to (A) or far apart (F) from each other and numeric
number represents the number of benzyl-L-aspartic acid
residues present in the decapeptide (Fig. 2). Thin layer
chromatography of each decapeptide revealed a single
peak after UV detection at 254 and 351 nm. Purity of the
product was further verified by HPLC/MS equipped with
UV detector and electrospray ionization unit (Finnigan
LCQ Advantage LC/MS/MS Spectrometer). The column
and mobile phase were C;; reverse phase column
(Xterra@ MS Ciz 3.5 um, 2.1x150 mm) and mixture of
aqueous solution of 50 mM ammonium formate and
acetonitrile (98:2 v/v), respectively. Flow rate was 150 uL /
min and injection volume was 3 pL.

Fig. 3(a) shows a typical HPLC/UV chromatogram of
compound A4 at 254 nm. MS spectrum of the compound
showed multiple peaks in addition to the peak corres-
ponding to the molecular ion of the product. In electrospray
ionization technique, it is not unusual to get a number of
different ions with different charge states depending on
the conformation of peptide chain (Chernushevich et
al., 2001; Mann et al., 2001; Whitelegge et al., 1998).
Therefore, we did not attempt at this stage to explain the
formations of fragments and adducts of each decapeptide.
Instead, we set the m/z of mass chromatogram at 1530
(IM+1]" for A4) and tried to identify if the peak occurs at
the same retention time. The mass chromatogram selected
at m/z of 1530 demonstrated a single peak at the same
retention time, indicating that the single peak is from the
decapeptide A4 (Fig. 3(b)). Five other decapeptides were
identified in a similar way.

Together with the evidences from TLC and HPLC/MS, it
was confirmed that the decapeptide products were rea-
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Fig. 3. Typical HPLC chromatogram and selected mass chromatogram
of compound A4. (a): HPLC/UV chromatogram of compound A4 at
detection wavelength of 254 nm, (b} selected mass chromatogram of
compound A4 at m/z of 1530.

Time (min)

sonably pure and there were no significant contaminants
or impurities, which is a unique characteristic of the SPPS
methodology. Retention time of each decapeptide in
HPLC is shown in Table I. The difference in retention time
of each product may be attributed to the different degrees
of polarites and hydrophobicities introduced to the
compounds. Retention times of the decapeptides of A-
series and F-series were around 4 and 7 min, respectively.
Interestingly, retention time of F-series compounds was
the opposite of the expectation, showing shorter retention
time for the compound with more benzyl groups.
Furthermore, the retention time of A2 exhibited delay of
more than 2 min when compared with A3 and A4. This
unexpected behavior is currently being studied in our lab
with respect to the conformational alignment of benzyl
and carboxylic groups in the compound.

We have successfully prepared the decapeptides con-
sisting of L-aspartic acid and benzyl-L-aspartic acid with
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two, three, and four benzyl groups either adjacent to or far
apart from each other. This methodology could be utilized
for tailoring other polypeptides substituted with different
numbers of benzyl groups, as per the requirement. The
effect of the decapeptides comprising of L-aspartic acid
and benzyl-L-aspartic acid on the reduction of AmB
toxicity is in progress.
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