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The objective of this study was to examine the degradation of short peptides corre-
sponding to modified fragments of human growth hormone-releasing hormone by
trypsin. Six analogues of pentapeptide 9-13 of human growth hormone-releasing hor-
mone containing homoarginine, ornithine, glutamic acid, glycine, leucine or phenyl-
alanine residue in position 11, two analogues of hexapeptide 8-13 of human growth
hormone-releasing hormone and two analogues of heptapeptide 7-13 of human
growth hormone-releasing hormone containing homoarginine or glycine residue in
position 11 were obtained. The peptides were subjected to digestion by trypsin and
the course of reaction was monitored using HPLC. It was found that the rate of hy-
drolysis of the Lys12-Val13 peptide bond depends on the amino-acid residue preced-
ing Lys12. The extension of the peptide chain towards the N-terminus by introduction
of consecutive amino-acid residues corresponding to the human growth hormone-re-
leasing hormone sequence accelerates the hydrolysis process. These results may be
of assistance in designing new analogues of human growth hormone-releasing hor-
mone, more resistant to the activity of proteolytic enzymes.

The hypothalamic peptide growth hormone-
releasing hormone (GH-RH) is the major
physiological stimulus of growth hormone

(GH) secretion and an important regulator of
GH messenger RNA synthesis in the anterior
pituitary. Clinical studies on hGH-RH have
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demonstrated that hGH-RH and related ana-
logues may prove to be the most physiological
replacement therapy for many GH-deficient
patients (Gelato et al., 1985; Thorner et al.,
1985; Ross et al., 1987). Although native
hGH-RH has a length of 44 residues, syn-
thetic hGH-RH(1-29)-NH2 of the structure
Tyr-Ala-Asp-Ala-Ile-Phe-Thr-Asn-Ser-Tyr10-Arg-
Lys-Val-Leu-Gly-Gln-Leu-Ser-Ala-Arg20-Lys-Leu-
Leu-Gln-Asp-Ile-Met-Ser-Arg29-NH2 displays
full biological activity and is the shortest frag-
ment endowed with this property
(Wehrenberg & Ling, 1983).
Although the usefulness of hGH-RH and its

shorter analogue for medical applications has
been demonstrated, there is still a great de-
mand for more stable analogues, which would
allow doses and frequency of administration
to be reduced.
It has been reported that hGH-RH(1-29)-

-NH2 is rapidly metabolized in plasma, as a re-
sult of Ala2-Asp3 peptide bond cleavage by
dipeptidylpeptidase IV leading to the inactive
GH-RH(3-29)-NH2 (Frohman et al., 1986). The
other metabolites observed were characteris-
tic of trypsin-like cleavages between
Arg11-Lys12 and Lys12-Val13 (Frohman et al.,
1989). Numerous analogues of hGH-RH have
been synthesized and tested to obtain com-
pounds with increased metabolic stability and
potency (Lance et al., 1984; Kubiak et al.,
1993; Campbell et al., 1994; Izdebski et al.,
1995). Recently, we demonstrated that the
hGH-RH(1-29)-NH2 analogue was cleaved by
trypsin at all basic amino-acid residues, in-
cluding the C-terminal amide bond, but an
analogous sequence, that differed in that it
contained Orn instead of Lys, was cleaved
only at Arg residues (Witkowska et al., 2001).
Thus, in order to further increase the meta-
bolic stability, modifications at positions oc-
cupied by Arg residues were needed. There-
fore, we synthesized four novel analogues of
hGH-RH(1-29)-NH2 containing homoarginine
(Har) or D-Arg residues instead of Arg and
Lys: (1) [Dat1,Ala15,Nle27,Asp28,D-Arg29]-
hGH-RH(1-29)-NH2, (2) [Dat1,Har12,21,Ala15,

Nle27,Asp28,D-Arg29]hGH-RH(1-29)-NH2, (3)
[Dat1,Har20,29,Ala15,Nle27,Asp28]hGH-RH-
(1-29)-NH2, (4) [Dat1, Har11,20,29,Ala15,
Nle27,Asp28]hGH-RH(1-29)-NH2. We decided
to use an isolated enzyme — trypsin as a rep-
resentative of trypsin-like enzymes. It was ob-
served that after digestion for a prolonged pe-
riod of time all peptide bonds formed by the
carboxyl groups of Lys and Arg undergo com-
plete cleavage, but those at Har remained in-
tact. In addition, the amide bond formed with
Har or D-Arg at position 29 was stable. Analy-
sis of products obtained after 15 min diges-
tion allowed intermediate peptides to be ob-
served. Comparison of fragments formed as a
result of digestion of analogues (1), (3) and (4)
indicates that the hydrolysis of peptide bonds
between Lys12-Val13 and Lys21-Leu22 is
slower when homoarginine instead of
arginine precedes the lysine residue in the
peptide chain (Izdebski et al., 2002).
In this work we present the results of our

studies on the influence of amino-acid resi-
dues adjacent to Lys12 (i.e. the P2 position)
on the hydrolysis rate of the Lys12-Val13 bond
by trypsin in modified fragments of hGH-RH.
The analogues of the pentapeptide fragment
hGH-RH(9-13)-NH2 with Arg in position 11 re-
placed by Har, Orn, Glu, Gly, Leu and Phe
were synthesized and subjected to digestion
by trypsin. In order to compare the effect of
the extension of the peptide chain on the rate
of hydrolysis, two hexapeptides hGH-RH-
(8-13)-NH2 and two heptapeptides hGH-
RH(7-13)-NH2 containing Har or Gly residue
in position 11 instead of Arg have also been
synthesized and subjected to tryptic
hydrolysis.

MATERIALS AND METHODS

Peptide synthesis. Peptides were synthesized
by SPPS using the Boc strategy and
carbodiimide (DIC) as the coupling reagent.
The side-chain functions of the Boc-amino ac-
ids were protected as follows: Glu(Bzl),
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Lys(Fmoc), Lys[Z(2Cl)], Orn(Z), Ser(Bzl),
Thr(Bzl), Tyr[Z(2Br)]. Peptides were synthe-
sized on MBHA resin (0.45 mmole/g, Pep-
tides International). TFA (55%)/DCM was
used in all deprotection steps. Neutralizations
were carried out with 5% DIEA/DCM.
Boc-Asn was introduced using the carbo-
diimide DIC/HOBt method. Every coupling
step was monitored with the Kaiser color test.
When needed, acylation was repeated. Intro-
duction of the guanidine group (peptides 1, 7,
9) was performed using N,N�-bis(tert-butoxy-
carbonyl)-S-methylisothiourea following the
removal of the Fmoc group from the amino
function of the side chain of Lys (Izdebski et
al., 2002). This protection was removed by
treatment with piperidine after the peptide
chain was assembled. Then the peptide-resin
was guanidinylated. This process was moni-
tored using the Kaiser color test, and was
judged finished when free amino groups were
not detected.
Following the removal of the Boc group,

samples of peptide-resins were treated with
HF (0�C, 1 h) in the presence of anisol. The
crude peptides were purified using a Knauer
HPLC system with Vertex column Nucleosil
300 C18 (8 � 250 mm, 5 �m); solvent system:
A, 0.05% TFA in water, B, 60% MeCN in wa-
ter. Fractions were eluted from the column
with a linear gradient: peptide 1, 2, 3, 4, 7, 8,
9 and 10, 2–8% B in 60 min; peptide 5,
8–15% B in 50 min; peptide 6, 10–20% B in 55
min; flow rate 2 ml/min; detection at 220 nm.
Fractions were analyzed with the same sys-
tem equipped with a Eurospher 100 C18 (4.6 �

250 mm, 5 �m) column using gradient: pep-
tides 1, 2, 3, 4, 7, 8, 9 and 10, 10–40% B in
20 min; peptides 5 and 6, 25–55% B in 20
min; flow rate 1 ml/min; detection at 220 nm.
The structure of the peptides was confirmed
by ESI-MS using a Mariner Biospectrometry
Workstation PerSeptive Biosystem in the
Laboratory of Spectroscopy at the Depart-
ment of Chemistry, Warsaw University.
Tryptic hydrolysis of peptides. A sample

of peptide (1 mg) was dissolved in ammo-

nium acetate buffer (100 �l, 0.05 M, pH 8.5)
and incubated at 37�C for 20 min. Then a so-
lution of trypsin (42 �l, 0.02 mg/ml; Serva, 36
U/mg) was added. The resulting solution was
incubated at 37�C for 120 min and samples
(24 �l) were collected after 20, 45, 70, 95 and
120 min. All samples were diluted with 25 �l
of 0.2% TFA. After centrifugation the samples
were analyzed for remaining substrate by
RP-HPLC using the Knauer system as above
(peptide synthesis).

RESULTS AND DISCUSSION

Six analogues of pentapeptide hGH-RH(9-
13) containing Har, Orn, Glu, Gly, Leu or Phe
residue in position 11, two analogues of
hexapeptide hGH-RH(8-13) amide fragment
and two analogues of heptapeptide hGH-
RH(7-13) amide fragment containing Har or
Gly residue in position 11 were synthesized
according to solid phase protocols on the
benzhydryl amino resin using DIC as a cou-
pling reagent. Har residue was introduced by
guanidinylation of the Lys side chain, ex-
posed after peptide chain assembly, using
N,N�-bis(tert-butoxycarbonyl)-S-methylisothio-
urea.
The peptides were cleaved from the resin by

treatment with liquid HF in the presence of
anisole and purified by RP HPLC (Table 1).
The peptides were then subjected to diges-

tion by trypsin. The course of digestion was
monitored by RP-HPLC. The results pre-
sented in Table 2 show that after 120 min di-
gestion less than 20% of the pentapeptide con-
taining Orn residue was hydrolysed. In the
case of pentapeptides containing Har, Glu or
Gly the degree of hydrolysis was similar
(30–38%). Higher degradation was observed
for pentapepides containing the Phe (75%) or
Leu residue (90%).
Table 3 presents the results of digestion for

the hexa- and heptapeptides. It can be seen
that both the hexa- and heptapeptide contain-
ing the Har residue are hydrolysed to a larger
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degree than the corresponding peptides con-
taining Gly in position 11.

A comparison of digestion results for the
penta-, hexa- and heptapeptides containing
Har or Gly residue clearly shows the influ-
ence of extension of the peptide chain on the
rate of digestion. The presence of a longer
peptide chain causes an increase of the rate of
tryptic hydrolysis of the peptide bond. This in-

fluence is more pronounced for peptides con-
taining the Har residue. The corresponding
pentapeptides are hydrolysed to a similar de-
gree, e.g. after 120 min the degree of diges-
tion of pentapeptides with the Har or Gly resi-
due is 33 and 38%, respectively. However, the
situation for heptapeptides is somewhat dif-
ferent. After 95 min digestion the peptide
containing Har was completely degradated,

while the peptide containing Gly was hydro-
lysed in 78% after the same time.

CONCLUSIONS

The aim of this study was to examine the
rate of degradation by trypsin of short pep-
tides corresponding to modified fragments of
hGH-RH. Six analogues of pentapeptide
hGH-RH(9-13) containing Har, Orn, Glu, Gly,

Leu or Phe residue in position 11, two ana-
logues of hexapeptide hGH-RH(8-13) and two
analogues of heptapeptide hGH-RH(7-13) con-
taining Har or Gly residue in position 11 were
obtained. The peptides were subjected to di-
gestion by trypsin and the course of reaction
was monitored using HPLC.
The presented results of tryptic digestion of

the analogues of hGH-RH fragments indicate
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Table 1. Synthesized modified fragments of hGH-RH and their relative molecular masses

Table 2. Influence of amino-acid residue in position P2 on the rate of tryptic hydrolysis of ana-
logues of pentapeptide hGH-RH(9-13)



that the amino-acid residue preceding Lys in
position12 influences the hydrolysis rate of
the peptide bond, while the extension of the
peptide chain towards the N-terminus, by in-
troduction of consecutive amino acids accord-
ing to the hGH-RH sequence, always acceler-
ates the hydrolysis process.
These results may be of assistance in design-

ing new hGH-RH analogues more resistant to
the activity of proteolytic enzymes.

The authors wish to thank Ms. Sylwia
Kosewska and Ms. Ewa Nazaruk for experi-
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