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Synthesis of N-terminal Truncated Peptides of Human Epidermal Growth Factor (h-EGF)
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The N-terminal truncated derivatives of h-EGF showed the correct three
disulfide linkages in oxidative refolding process and equipotent activity in both the
EGF-receptor binding and mitogenesis assay, as compared with authentic h-EGF. This
results suggested that the N-terminus of h-EGF have no significant effect on the
formation of the correct disulfide linkages and its biological activity.

Human epidermal growth factor (h-EGF) is a single chain polypeptide with 53 amino acid residues
bearing three internal disulfide bridges.!) EGF is a potent stimulator of the cellular proliferation and inhibitor
of gastric acid secretion2) and its biological effects are mediated through binding to cell-surface EGF receptor
(EGFR) with intrinsic tyrosine-kinase activity.3) Recently, there has been increased interest in assigning
specific residues or regions of EGF in EGFR recognition and its biological activity. Elimination of 6 or 7
residue from C-terminus of h-EGF was known to cause a marked reduction in receptor binding, mitogenic
activity and inhibition activity of gastric secretion.4) Kohda et. al. reported that the C-terminal tail (residues
46-53) of mouse EGF (m-EGF) play an important role in binding to a putative hydrophobic pocket of the
EGFR from two dimensional 'H NMR study.5) Rat-EGF (r-EGF), r-EGF(2-48), r-EGF(3-48) and r-EGF(4-48)
isolated from rat submaxillary glands appeared equipotent in both receptor binding and mitogenic assays.6)
However, the possible importance of N-terminal sequence in EGF to its receptor binding affinity and mitogenic
activity has not investigated in detail yet.

To elucidate the contribution of N-terminal sequence of h-EGF in its biological activity, h-EGF(2-53),
h-EGF(3-53), h-EGF(4-53), h-EGF(5-53) and h-EGF(6-53) in which N-terminal amino acids (1-5 residue)
were shortened one by one from h-EGF were synthesized by solid-phase method using the Fmoc strategy (Fig.
1) (Fmoc = 9-fluorenylmethoxycarbonyl). Since the six cysteines of h-EGF are linked by intramolecular
disulfide bridges of pattern 1-3, 2-4 and 5-6, an important point in the synthesis of h-EGF derivatives is the
oxidative refolding of cyteinyl residues for the formation of the correct disulfide pairs. In general, air oxidation
in a highly diluted basic aqueous solution in the presence of reduced and oxidized glutathiones have been used
to refold the reduced peptide, and m-EGF, h-EGF, h-TGF-a and several EGF-related peptides have
successfully been synthesized by this method.”-9) In this study, we investigated the influence of the five
residues preceding the first cysteine residue in the h-EGF during oxidative refolding using air oxidation.

Preparation of the peptide-resins of all peptides was carried out by stepwise solid-phase method using
Fmoc-Arg(Mtr)-hydroxymethylphenoxy (HMP)-resin (Mtr = 4-methoxy-2, 3, 6-trimethylbenzenesulfonyl) as a
starting material. The Fmoc group, a protecting group for a-amino group of amino acids was removed with
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20% piperidine in 1-methyi-2-pyrrolidone (NMP). Side-chain functional groups were protected by tert-butyl
(tBu) for Asp, Glu, Ser and Tyr, trityl (Trt) for His, Asn, and Gln, Boc for Lys and Mtr for Arg. Coupling of

2-53 3-53 4-53 5-53 6-53
Fmoc-Asn(Trt)*Ser(tBu)-Asp(OtBu)-Ser(tBu)*Glu(OtBu)*Cys(Trt)-Pro-Leu-Ser(tBu)-His(Trt)-
Asp(OtBu)-Gly-Tyr(tBu)-Cys(Trt)-Leu-His(Trt)-Asp(OtBu)-Gly-Val-Cys(Trt)-Met-Tyr(tBu)-
lle-Glu(OtBu)-Ala-Leu-Asp(OtBu)-Lys(Boc)-Tyr(tBu)-Ala-Cys(Trt)-Asn(Trt)-Cys(Trt)-
Val-Val-Gly-Tyr(tBu)-lle-Gly-Giu(OtBu)-Arg(Mtr)- Cys(Trt)-GIn(Trt)-Tyr(tBu)-Arg(Mtr)-
Asp(OtBu)-Leu-Lys(Boc)-Trp-Trp-Glu(OtBu)-Leu-Arg(Mtr)-HMP-Resin

Deprotection
2-53 3-53 4-53 5.53 6-53

Lubsdide

H-Asn-Ser-Asp-Ser-Glu*Cys-Pro-Leu-Ser-His-Asp- Gly Tyr- Cys Leu-His-Asp-Gly-
Val-Cys-Met-Tyr-lIe-GIu-Ala-Leu-Asp—Lys-Tyr-AIa—Cys-Asn-Cys-VaI-Val-GIy-Tyr-
42
lle-Gly-Glu-Arg-Cys-GIn-Tyr-Arg-Asp-Leu-Lys-Trp-Trp-Glu-Leu-Arg-OH (Reduced form)
(1) Air Oxidation
(2) Preparative RP-HPLC
2-53 3-53 4-53 5-53 6-53

‘H-Asn-Ser-Asp-Ser-Glu- Cys Pro-Leu-Ser-His-Asp-Gly-Tyr- Cys Leu-His-Asp-Gly-

31 ——Jag
Val- Cys Met-Tyr-lle-Glu- Ala Leu-Asp-Lys-Tyr- Ala—Cys -Asn- Cys -Val-Val-Gly-Tyr-

lle- GIy Glu -Arg- Cys -GIn-Tyr-Arg-Asp-Leu-Lys-Trp-Trp-Glu- Leu -Arg-OH (Oxidized form)

Fig. 1. Synthentic scheme of h-EGF and N-terminal truncated derivatives by solid phase method.

Fmoc-amino acids in each step was performed by either BOP / HOBt or HBTU / HOBt method in NMP [BOP
= benzotriazole-1-yl-oxy-tris(dimethylamino) phosphonium hexafluorophosphate, HOBt = 1-
hydroxybenzotriazole, HBTU = O-benzotriazole-1-yl-tetramethyluronium hexafluorophosphate].
Completeness of the coupling reaction was monitored by the Kaiser's ninhydrin test.10) Incomplete coupling
reaction were either recoupled untii a negative Kaiser was obtained or capped by benzoic anhydride (20-fold)
in DMF-CH2CI2 (1:3, v/v). After completion of chain elongation, peptides were deprotected and cleaved from
the resin by treatment with TFA-phenol-thioanisole-1, 2-ethanedithiol (EDT)-H20 (82.5: 5: 5: 2.5: 5) (Reagent
K)!I'D at room temperature for 2 h and TFA-trimethylsilyl bromide (TMSBTr)-thioanisole-EDT-m-cresol (69.1:
12.5: 11.1: 5.5: 1.8) at 0 °C for 1 h. To form the three disulfide linkages of synthetic peptides, the crude
reduced peptides were oxidized in 0.1 M Tris-HCI buffer (pH 8.2) containing 0.1 mM EDTA, 0.30 mM
oxidized and 0.15 mM reduced glutathione for 3 days at room temperature (final peptide concentration: 20
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KM). In the air oxidation of the reduced peptides, presumably the most thermodynamically stable oxidized
form of synthetic peptides appeared as a main peak in analytical reversed phase (RP)-HPLC (Intersil ODS-2,
4.6 x 150 mm). The crude oxidized peptides were purified by preparative RP-HPLC (Inertsil ODS-2, 20.0 x
250 mm) eluted with a H2O-MeCN gradient containing 0.1% TFA, flow rate 5 ml / min. The purified oxidized
peptides gave a single peak in analytical RP-HPLC, on a Inertsil ODS-2 column (4.6 x 150 mm) eluted with a
H>O-MeCN gradient containing 0.1% TFA, flow rate 1 ml / min, respectively. The amino acid analysis of
synthetic peptides were in good agreement with the predicted composition. The molecular masses of synthetic
peptides were determined by positive ion FAB-MS [h-EGF: [M+H]t = 6217.0 (Calc. = 6215.0), h-EGF(2-53):
[M+H]* = 6101.1 (Calc. = 6102.9), h-EGF(3-53): [M+H]* = 6114.2 (Calc. = 6115.9), h-EGF(4-53): [M+H]*
= 5899.6 (Calc. = 5900.8), h-EGF(5-53): [M+H]* = 5813.7 (Calc. = 5813.1), h-EGF(6-53): [M+H]* = 5684.2
(Calc. = 5684.5)].

(1) Thermolytic digestion
(2) Analytical RP-HPLC
(3) Amino acid analysis

2-53 3-53 4-53 5-53 6-53

33
6 14
H-Asn-Ser-Asp-Ser-GIu-Cylls-Pro Tyr-C)'/s Asn-C?/s42
Val-Cys 20 Ala—Cys31 lle-Gly-Glu-Arg-Cys

First disulfide bond Second disulfide bond Third disulfide bond

Fig. 2. Cystine-containing peptide fragments after thermolytic digestion of h-EGF and h-EGF derivatives.
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To determine the pattern of three disulfide linkage of synthetic peptides, the purified oxidized peptide
was subjected to thermolytic digestion. The digested fragments were separated by RP-HPLC and analyzed by
amino acid analysis. The results indicated the first disulfide loop was paired by Cys-6 and Cys-20, the second
was paired by Cys-14 and Cys-31 and the third was paired by Cys-33 and Cys-42 in the oxidized peptide of h-
EGF fragments (Fig. 2). The pattern of such three disulfide linkages in synthetic peptides was consistent with
that of h-EGF. In the air oxidation of the reduced peptides of all derivatives of h-EGF, the mispaired isoforms
were not detected. The results suggested that the five residues of N-terminal sequence in h-EGF have no
significant effect on the formation of the correct disulfide linkages in h-EGF.

Interestingly, ---CX7CX4-5CX10-13CX1CXgC---, the structural motif of EGF-like domain has been
identified in the EGF family include amphiregulih (AR), heparin binding EGF-like growth factor (HB-EGF),
schawannoma derived growth factor (SDGF) and betacellulin (BTC).12) We confirmed that the three disulfide
bond pairings of HB-EGF (44-86) corresponding to the EGF-like domain of HB-EGF is similar to EGF.13)
The results suggested that the spacing pattern of six cysteines in EGF-like domain may play an important role
in disulfide rearrangement of the EGF-family.

Each of the N-terminal truncated peptides of h-EGF appeared equivalent receptor binding and
mitogenic activity in radioreceptor competition assay on A-431 epidermoid carcinoma cells14) and [3H]-
thymidine incorporation assay on NIH-3T3 fibroblast cells,) compared with authentic h-EGF (data not
shown). The results indicated that the five residues of N-terminus in the h-EGF do not exert a significant
influence on their biological activity. We are grateful to Dr. T. Ohtaki, Dr. Y. Ishibashi and Miss H. Yoshida at
Tsukuba Research Laboratory of Takeda Chemical Industries, Co. Ltd., for [3H]-thymidine incorporation assay
and FAB-MS.
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