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Abstract. Somatostatin octapeptide analogues of the generhave been introduced into the peptide sequence. Different
al sequence DPRE&h&-Tyr’-DTrp8-Lys®-Vall%-Phél-Thrl resins and linkers were examined for an optimized peptide
NH, containing two types of backbone cyclization have beerassembly and monitoring. The synthesized somatostatin ana-
synthesized by the solid phase methodology. Backbone cyogues are highly resistant against enzymatic degradation as
clization in these peptides was achievizd\-modified phe-  determinedn vitro by incubation with rat liver homogenate.
nylalanines in position 6 and 11. TNemodified amino ac-  The biological activity was determined in binding experiments
ids were incorporated as dipeptide building units which havdo the somatostatin receptors expressed in CHO- or BON-1
been prepared in solution prior to the solid phase synthesisells. Most analogues show moderate activity without differ-
Two dipeptide units of structure a) FmoGg#ECO—-N((CH,),- entiation between the receptor subtypes.

X)]Phe—OH or b) Fmoc-g&{CH,—N(CO(CH,),-X)]Phe—OH

In recent years there was considerable interest in thgeptide units as well as to produce analogues with bio-
synthesis of conformationally restricted bioactive pep-activity, receptor subtype selectivity and enzymatic sta-
tides [1—3]. Due to the reduced flexibility of the pep- bility.

tide backbone these constrained structures are expectedlhe cyclic tetradecapeptide somatostatin (SST-14,
to possess improved potency, receptor subtype sele&RIF) which was first isolated from ovine hypothala-
tivity and enhanced resistance against proteolytic degnus [12] is a potent inhibitor of endocrine and exocrine
radation. Besides other cyclization approaches backborsecretion of several hormones including growth hormo-
cyclization has been proven a promising concept for inne, glucagon, insulin and gastrin [13—15]. It also regu-
troducing conformational constraints on peptides withdates many other physiological activities and is consid-
out affecting the amino acid side chains [4]. To achieveered an inhibitor of tumor cell growth [16] through bind-
N-backbone cyclization two amide nitrogens of the peping to its specific cell surface receptors [17—-19]. Since
tidic backbone have to be modified by alkylation. A va-SRIF and somatostatin-28, a 14 residues longer native
riety of N-functionalized amino acids have been pre-form [13], bind to the five known receptors with low
pared and incorporated in peptide sequences [5—9]. Teelectivity extensive structure-activity-studies have been
circumvent difficult coupling steps during peptide syn- carried out with a variety of synthetic analogues derived
thesis using the solid phase methodology we have dérom small peptide structures [20—22]. In both native
veloped a method to introduce different typelldfinc-  peptides the PReDTrp8-Lys®-Thrl%-moiety has been
tionalized dipeptide building units which are prepareddisclosed as the pharmacophore sequence essential for
in solution before their use in SPPS [10, 11]. We werdiological activity of the molecule [20]. This core se-
further interested in the application of the method ofguence allows further modifications and therefore a
backbone cyclization to somatostatin analogues to probgubstitution of Pheand Tht% by Tyr and Val, respec-
our synthetic approach of incorporating preformed di-tively, was found out to lead to biologically active com-

1) Abbreviations

All, allyl; Aloc, allyloxycarbonyl; Boc tert-butyloxycarbonylt-Bu, tert-butyl; Bzl, benzyl; DCM, methylene chloride; DIEA,
N,N-diisopropylethylamine; DMRAN,N-dimethylformamide; Fmoc, 9-fluorenylmethyloxycarbonyl; HMBA, (4-hydroxyme-

thyl- benzoic acid)-resin; MBHA, (4-methylbenzhydrylamino)-resin; NM#nethyl-pyrrolidone; PyBOP, benzotriazole-1-
yl-oxy-tris-pyrrolidinophosphonium hexafluorophosphate; TCA, trichloroacetic acid; TFA, trifluoroacetic acid; THF, tetrahy-
drofuran; SCAL, (4-[4,4'-bis(methyl-sulfinyl)-2-oxy-(9-fluorenylmethyloxycarbonyl) benzhydrylamino]butanoic acid)-link-

er; SPPS, solid phase peptide synthesis; SRIF, somatotropin release inhibiting factor; hsst, human somatostatin receptor; Z
benzyloxycarbonyl;

2) Current address: Biodar Ltd., Yavne Technology Park, 81103 Yavne, Israel
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pounds, too [23]. Except of that, the side chains of Phethe Boc-strategy and therefore more gentle for modi-
and Phé&! are considered to play an important role forfied peptide bonds. The dipeptide building units were
receptor affinity through hydrophobic interactions of thus prepared carrying the Fmoc-group ad\itermi-
their aromatic groups [24]. A combination of the Fyr nal protection [10, 11].

DTrp8-Lys®-Vall%-core sequence ardtalkylated phe- Since orthogonality of the protecting groups is a pre-
nylalanines in position 6 and 11 led to our lead structurequisite in solid phase synthesis we had to examine
re for backbone cyclic somatostatin octapeptide anadifferent protecting group combinations for the side
logues DPhe-Phe-Tyr-DTrp-Lys-Val-Phe-Thr-BlH chains of the trifunctional amino acids in the sequence
Cyclization in these peptides was achieviach lactam  and theN-functionalities of the building units in posi-
bridge between thie-functionalized phenylalanine res- tion 6 and 11. For this purpose the Bzl/Z, Bd&u or
idues in position 6 and 11. A similar approach was usedloc/All-protection can be applied (Scheme 2). Accord-
by Gilonet al and was recently shown to lead to a re-ing to our lead structure the peptides should be obtained
ceptor selective heptapeptide analogue of somatostatas C-terminal amides. The use of different resins and

[25]. linkers was therefore also one of our concern.
We herein report the study of different synthetic strate-

gies, including different protecting group combinations Fmoc_Dphe.,[co_N]pheiﬂraﬁi",ﬁfys.\,aw[co.wphe.Bn‘Zr:y— Husaan—()

and the use of different resins and linkers, to gain back- CHy, CHm

bone cyclic peptides on the solid phase. These peptides NHBoc Codsu

differ in the type of backbone modification containing Bzl Boc 7 Bzl

either arN-alkylated peptide bond or &hacylated re- Fmoc—DPhéP[CO-II\I]Phe—'IJyrD'Ier—Li/s-VaW[CO—‘\I]Phe—'IJhr-SCAL-AM—Tentage‘O

duced peptide bond [10, 11] and due to the different erin poicul

chain length of th&l-functionalities of the modified phe- o Boe 7 o
nylalanines in the ring size and in the direction of theFmOC.DPhep[co.ll\j]Phe.fyraf()r;-Li/s-VaW[CO-‘\]]Phe-T‘hr—MBHA——O

lactam bridge. (CH, (CHY,,
NHBoc COOdBu
'Bu Boc Boc ‘Bu
ReSUItS and DiSCUSSion FmOC-DPhéP[CO(—(IZNLF:e—TyrDTrp—Lys-VaW[CO(—gll]-'Fz’)he—Thr-Rink—Amide—MBHA—O
pon [ Zm

Peptide Synthesis NHAloc COOAll
Two types of backbone modification (Scheme 1) havescheme 2Different protecting group strategies for the syn-

been introduced in somatostatin octapeptide analoguei§esis of somatostatin analogues Witfunctionalized dipep-
tide building units

a) R2
0 J/k Generally, in peptide synthesis the selection of the
H . . . .
N linker and the resin as well as the loading capacity of
Fmoc N COOH the solid support are very important factors with regard
) to the assembly of difficult sequences and possible ef-
R (THZ)" fects of aggregation. In our analogues there is a high
XY potential of amino acids like Val, Phe and bulky side
X = -COOAIl, -CO0Bu chain protecting groups expected to lead to aggregation
¥ = -NHAloc, NHBoc during the solid phase synthesis and thus reducing the
b) o2 coupling yield. From the variety of linkers and resins
available for the synthesis of peptide amides by the
¥ Ha }/k Fmoc-strategy we have chosen the following linker/res-
Fmoc N COOH in-combinations for our investigation.
Lo 1. HMBA-AM-+esin which allows the preparation of
R! ((Iin) peptide carboxyamides through cleavage with methanol-
T 2 ic ammonia [26].

2. SCAL-AMTentagel, a safety-catch type of acid la-
ile linkage for the synthesis GFterminal amides de-
eloped by Patek and Lebl [27], is based on the ben-

zhydrylamine-linker. This linker enables the peptide

For the assembly of the peptides on the solid suppossembly according to the Fmoc-, Aloc- or Boc-strate-
the Fmoc-strategy seemed to be the most suited due ¢y and is here attached to the Tentagel-support, a poly-
milder conditions for repeated cleavage compared tstyrene-polyoxyethylene graft copolymer which is sug-

Scheme 1Structures ofN-functionalized dipeptide units a)
and dipeptide units with an acylated reduced peptide bond
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gested for the assembly of difficult sequences becaudédfunctional amino acids. The peptide was removed
of its physical propertieg,g. low loading, good acces- from the resin with methanolic ammonia and hydroge-
sibility of growing peptide chains and avoidance of inter-nolytically deprotected from the Z/Bzl-groups. How-
molecular migrations and reactions [28]. Additionally, ever, this strategy of assembly and deprotection had
the SCAL-linkage which is stable to basic conditionssome disadvantages. The high concentration of ammo-
(piperidine for Fmoc-deprotection) as well as conditionsnia led to a partial peptide fragmentation with more than
used for Aloc/All-deprotection (Pdreatment) is suit- oneN-terminal amino acid as was estimated by Edman
ed for our purpose since different groups reported oxegradation.
the lability ofN-alkylated peptides towards strong acidic Compared to the HMBA-linker the SCAL-linker al-
cleavage, such as TFMSA or HF [29, 30]. lows a peptide cleavage under very mild conditions
3. Rink-amide-MBHAesin is a resin also recommend- (P(GHs)4/(CH;)5SiCl and TFA). Because of a possible
ed for the synthesis of peptide amides by the Fmoc© - N migration of the Aloc-group from the Thr-side
strategy. Cleavage and deprotection of this kind of resehain to theN-terminus the combination of Fmoc-,
in can be performed using different TFA-mixtures. TheZ/Bzl- and Bod-Bu-protection was used for the pep-
MBHA-resin in combination with the Rink-amide link- tide assembly on SCAL-AM-Tentagel (Scheme 2). Af-
er led to a solid support with excellent physical ander backbone cyclization and Fmoc-deprotection the pep-
swelling properties and was reported to be a good choid&le was removed from the resin. Unfortunately, a com-
for the synthesis of peptide amides [31, 32]. plete cleavage from the resin required long and repeat-
To study and compare the different linkers and resingd treatment with P(El;); and (CH),SiCl followed
the backbone cyclic octapeptide J1712 (Table 1) waby a mixture of 50% TFA in methylene chloride. The
synthesized as an example on these different resirisllowing hydrogenolytic removal of the benzyl pro-
(Scheme 2). In case of the HMBA-linker the peptidetecting groups using #Pd(CHCOQ), in acetic acid
was assembled with BadBu-protection for thé&-ami-  could not be performed with satisfying yields. Except
noalkyl orN-carboxyalkyl chains of the pseudopeptide of the synthetic problems it was found that the use of
moieties and Z/Bzl-protection for the side chains of theTentagel led to a loss of resin under the shaking condi-

o

HoN

i) Fmoc-Thr{Bu)/PyBOP/DIEA
i) 33%piperidine/magic mixture

H-Thr(BU)

0

Fmoc-VaHJ[COII\I]Phe—OH/PyBOP/coIIidiﬂ
(CHp)rX

0

Fmoc-VaHJ[COII\I]Phe-Thr(BE)
CHan
X

coupling of amino acids and dipeptide building unit
according to the Fmoc-strategy using PyBOP/DIEA
and PyBOP/collidine, respectively

FmocDPhéP[CO{\I]Phe-Tyr(Bﬁ)-DTrp-Lys(Boc)—VaHJ[CO{\I]Phe-Thr(Bt
(ICHZ)m (ICHz)n

Y X
i) 33%piperidine/magic mixture

o

ii) (Boc),O/DIEA/DMF

Boc-DPheV[CON]Phe-Tyr(BL)-DTrp-Lys(Boc)-Vak[CON]Phe-Thr(B()
CHom CHan
Y X

l i) Poo(PPrg)‘,/morpholine/DMF-THF—O.5N HCI (2:2:1)

o

i) PyBOP/DIEA/magic mixture
iii) TFA/reagent K

H-DPh&V[CON]Phe-TyrbTrp-Lys-ValW[CON]Phe-Thr-NH
(CHy);-CO<————>NH-(CH,),

Scheme 3Solid phase synthesis of a somatostatin analogue containing dipeptide building units of structure (a)
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tions of a MPS-396 automated peptide synthesizer probFable 1 Synthesized backbone cyclic octapeptide analogues
ably due to mechanical crush. of somatostatin

The assembly of J1712 on the MBHA-resin was perpeptide  structure
formed with Fmoc-, Z/Bzl- and BdeBu-protection in ~ number
the same manner as described above (Scheme 1). Bet709 DPh&/{CO-N]Phe-Tyr-DTrp-Lys-Va¥{CO-N]Phe-Thr-NH
cause of a degradation of the amino acid Trp by TFM- (CH),NH CO-GH
SA the peptide cleavage had to be performed with HF. Z
The peptide was obtained with good yield, but in some
cases by-products which still contained protecting’ 1’2
groups were formed. CH-CO—— NH-(GH

To circumvent the use of HF or hydrogenation steps
and consequently the use of Z/Bzl-protection the changgi715  pphe[cO-NJPhe-Tyr-DTrp-Lys-Va¥{CO-NJPhe-Thr-NH
to another protecting group combination for the side I
chains as well as the dipeptide building units was re- CH-CO—————— NH-(G}
quired. In fact, the unsatisfying results of the first J1712-
syntheses and the reported difficulties for a racemizal 1719 DPh&[CO-N]Phe-Tyr-DTrp-Lys-Va¥{CO-N]Phe-Thr-NH
tion-free synthesis of thM-functionalized dipeptide (<|3H)3-NH CO—|CJ-|
building units [10] led us to the preferation of the Aloc/
All-protection for theN-functionalized chain of the

DPh&[CO-N]Phe-Tyr-DTrp-Lys-Va{CO—-N]Phe-Thr-NH

dipeptide units. In this case the side chains of the tri? 1"%° DPhMCO_N?Phe'Tyr'DTrp'Lys'vaHCO_N]Phe'Thr'NH

functional amino acids can be protected by B8d/ (CH)gNH ——— CO-(<|ZJ)E
during SPPS (Scheme 2). The first results for the syn-

thesis of J1712 made the Rink-amide-MBHA-resin OUl 1729-0  DPhe{CO-N]Phe-Tyr-DTrp-Lys-Va¥{CO-N]DPhe-Thr-NH
preferred resin for the other peptides. I

For the new synthetic strategy (Scheme 3) it was nec- (C-NH CO-(Ch
essary to change tiNeterminal protection prior to the
cyclization step which was carried out on the solid phas@1738  DPh#{CO-N]Phe-Tyr-DTrp-Lys-Va#{CO-N]Phe-Thr-NH
due to a partial cleavage of the Fmoc-group during Aloc/ ((lilj)z-CO— NH_(J;%
All-deprotection under basic conditions as was report-
ed by Gotheet al [33]. The remaining cyclic polymer-
bound peptide now only contained BwBU-protect-
ing groups which were removed by treatment with a CO-(Ch),"NH ——CO-(CH),-CO
TFA/reagent K-mixture.

Regarding the tested coupling reagents and solventsi7a6  DPhe{CH,—N]Phe-Tyr-DTrp-Lys-Va#{CH,—N]Phe-Thr-NH
(NMP, DMF, magic mixture) best results were obtained
with PyBOP and magic mixture, respectively. Magic
mixture which is recommended for the synthesis of dif-
ficult sequences with low yields caused by aggregationct with different retention times but the same molecu-
and H-bond formation between peptide chains [34] wagar weight.
used as well as for the Fmoc-deprotection and for the Racemization and isomerization can be indicated by
coupling steps on the solid support. double or multiple peaks in HPLC-analysis. Contrary

The octapeptides containing lactam bridges betweetb Gilonet al. [25] who found isomerization of the bond
differentN-functionalized dipeptide units can smooth- petween V&l and theN-alkylated Ph&in their somato-
ly be formed using the herein described synthetic stratstatin-analogue PTR3046 we would exclude a possible
egy not depending on the type of modification, ring sizecis/transisomerization based on HPLC-studies at ele-

J1742  DPhe{CH,—N]Phe-Tyr-DTrp-Lys-Va#{CH,~N]Phe-Thr-NH

CO-(CH,),-CO—— NH-(CH),-CO

or direction of the lactam bridge. vated temperatures. In these studies no changes in the
peak pattern of the analyzed peptides were observed.
Analytical Characterization We therefore assume that in some of our analogues ra-

cemization occurred during the solid phase synthesis.
The synthesized SST-octapeptide analogues are surRacemization may occur during the coupling of the di-
marized in Table 1. peptide building units. According to the proposed me-
These peptides have been characterized by HPL&hanism for the racemization dFalkyl amino acids
TLC, MALDI-MS and amino acid analysis (Table 2). [35] the C-terminal amino acid in the dipeptide units
During the semipreparative HPLC-separation of somenay partially or completely racemize. The racemiza-
of the peptides we found fractions of the desired prodtion in the described SST-octapeptide analogues is dif-
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Table 2 Analytical characterization of somatostatin analogues

No. M,y (g/mol) tr (MiN)d Ry R AAA b)
calcd. found
J 1709 1219.46 1220.4 30.47 0.52 0.72 n.d.
(M+H)*
J1712 1233.64 1234.3 32.61 0.54 0.78 Thr 1.00 (1), Val 0.94 (1), Tyr 0.49 (1),
(M+H)* 33.95 Phe 0.97 (1), Lys 0.90 (1)
J 1715 1219.46 1219.9 33.85 0.53 0.71 Thr 1.00 (1), Val 0.97 (1), Tyr 0.52 (1),
(M+H)* Phe 0.93 (1), Lys 0.95 (1)
J1719 1233.64 1234.9 33.27 0.59 0.73 Thr 1.00 (1), Val 0.96 (1), Tyr 0.47 (1),
(M+H)* Phe 0.98 (1), Lys 0.98 (1)
J 1729 1246.65 1270.8 31.48 0.52 0.73 Thr 1.00 (1), Val 1.04 (1), Tyr 0.49 (1),
(M+Na)* 32.45 Phe 0.89 (1), Lys 1.76 (1)
35.28
35.91
J1729-0  1246.65 1270.3 31.48 0.51 0.73 Thr 1.00 (1), Val 1.02 (1), Tyr 0.76 (1),
(M+Na)* 35.13 Phe 0.96 (1), Lys 1.65 (1)
J 1738 1246.65 1248.2 32.78 0.55 0.72 Thr 1.00 (1), Val 1.08 (1), Tyr 0.56 (1),
(M+H)* Phe 1.00 (1), Lys 1.82 (1)
J 1742 1261.42 1262.1 34.26 0.54 0.69 Thr 1.00 (1), Tyr 0.80 (1),
(M+H)* 34.79 Lys 1.71 (1)B-Ala 0.79 (1)
35.27
36.09
J 1746 1261.42 1262.7 34.76 0.50 0.65 Thr 1.00 (1), Tyr 0.54 (1), Lys 1.81 (1),
(M+H)* 35.25 [(-Ala 0.68 (1)
36.35
37.27

3 HPLC-conditions: 10%—70% acetonitrile/0,1%TFA,; flow rate 1.0 ml/min; detection 22@wRA: amino acid analysis;
n.d.: not determined

ficult to analyze. Our attempts with chiral columns orthese peptides an increased value for the amino acid
formed diastereomers for the separatiobefandL- Lys (Table 2) was found. A hydrolysis and amino acid
isomers ofN-aminoalkyl orN-carboxyalkyl phenyla- analysis of the corresponding dipeptide building units
lanine failed. Only the incorporation of the dipeptide showed thatN-aminopropyl Phe was eluted with the
building units containing eithdd- or L-configuration ~ same retention time as Lys (Figure 1), whereas no peak
of the C-terminalN-alkylated phenylalanine in the oc- could be detected fd¥-carboxyethyl Phe due to its poor
tapeptide analogue J1729 gave a HPLC-peak pattegplubility andN-aminoethyl PheN-carboxymethyl Phe
similar in retention times but different in the altitude of was found in the amino acid analysis, but could not be
the peaks. Collected peaks from the semipreparativeuantified.
HPLC give only single peaks in the analytical HPLC For the peptides J1742 and J1746 which contain the
and not the same peak pattern as the starting materidlackbone modification of type iAla and the pseu-
All findings indicate that racemization occured ratherdodipeptides are additionally obtained as hydrolysis
thancis/transisomerization. products. Here, also an increased value for Lys was de-
We also found that the racemization rate can be reermined in the amino acid analysis (Table 2). Hydroly-
duced by the use of collidine instead of DIEA for thesis and analysis of the two H-V{ICH,NH]Phe—-OH
coupling of the dipeptide units. Thus, each dipeptidederived dipeptide building units confirmed this finding
building unit was coupled with this base. (Figure 1). A corresponding peak for H-RHEH,NH]

For the characterization of our backbone cyclic pepPhe—OH was not detected.
tides another problem occurred which was the amino
acio! ana_lysis o_N-aIkyIated amin_o acids and PSeu- Bjological Activity
dodipeptides with a reduced peptide bond, respective-
ly. After the hydrolysis of octapeptides J1728 and J 1738 he affinity of the octapeptide analogues to the soma-
for exampleN-aminopropyl and\-carboxyethyl Phe tostatin receptors was determined in a receptor binding
were obtained besides the other amino acids. In case afsay [25]. In this assay the tested analogues compete

J. Prakt. Chen00Q 342, No. 6 541
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Standard of amino acids

{mv) Lys

0 10.0 20.0 30.0 40.0 {min)
180

(mV]
1801 Standard of N-aminopropyl Phe

0 10.0 20.0 30.0 40.0 min}

140
[mV]

130] Standard of B-Ala

100

80
80 S N A N —
40
.0 100 20.0 30.0 400 {min)
100 .
mvy | Hydrolysis B-Ala

s0] of H-Val4[CH,N(CO(CH,),NH,]Phe-OH

80 H-Val ${CH,NHPhe-OH

{11 B i § L
601 ]

50

40

0.0 10.0 20.0 30.0 ﬂb.O {min}

Fig. 1 Amino acid analysis: identification &-aminopropyl Phe and H-V[CH,NH]Phe-OH with the retention time of Lys

with the binding of radiolabeled somatostatin-#4%]  to reduce the SRIF binding by 50%. The competitive
Tyrl-SRIF) to cloned receptors expressed in CHO-cell®inding experiments were carried out with three differ-
(containing either sst1, sst2, sst3 or sst5) and in BONent concentrations (19 10, 108 M) of each peptide
1-cells which naturally contain the receptors sst1, sstAraction.

sst3 and sst5. After incubation of the cell membranes The estimated Ig;-values for most of the analogues
with different concentrations of each peptide andand receptor subtypes were in betweerP200~" M
[129]Tyr 1%-SRIF the binding was determined on the ba-indicating a moderate bioactivity in the range of other
sis of the remaining radioactivity. Nonspecific binding reported analogues [24, 25]. However, an excellent re-
was defined as the amount of radioactivity which re-ceptor subtype selectivity as found for very potent ana-
mains in the presence of 1 uM unlabeled ligand. Théogues such a®ctreotide[22] was not observed for
ICgq-values are those concentrations which are requiredur analogues. The highest affinity shows analogue
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J1729 on BON-1 cells with an igvalue of 167 M. ity of the somatostatin analogues exemplified on J1738
The peptides J1709 and J1712 are more active at tttompared to somatostatin-14. In contrast to the native
receptor subtypes 1 and 2 than on the others. For J17B®rmone which is completely degraded at least after
and J1738 Ig,values in the range of 1M at the sub- 1 h no degradation was found for our analogues even
types 3 and 5 and at BON-1 cells were obtained. Thafter an incubation time of 15 h. This study indicates
analogue containing acylated reduced peptide bond$at backbone cyclic peptides containing different types
J1746 has a higher affinity to subtypes 2 and 3 than tof backbone modification (Scheme 1) are highly resist-
the others. ant to proteolytic degradation.

From the obtained values it is difficult to draw con-
clusions about structure-activity relationships, but it _
seems that neither the type of backbone modificatio-onclusion
nor the direction of the lactam bridge have an influence

on the affinity and selectivity to the receptor subtypesAn optimized synthetic strategy for the preparation of
backbone cyclic somatostatin octapeptide analogues on

the solid phase has been developed. By comparison of
different strategies using different protecting group com-

The proteolytic stability of the somatostatin analoguegninations,_diﬁerenLIinkers and resins_ttr:e Ibe/st”results
against proteases of rat liver homogenate was measuri{f’e obtained by the Fmoc-strategy with Aloc/All-pro-
with HPLC. The liver homogenate contains a mixturel€Ction for theN-functionalized peptide bonds, Boc/

of different proteases and is therefore used for estima2U-protection for the side chains of trifunctional amino

tion of a more general stability against proteolytic deg-2€ids and by the use of Rink-amide-MBHA-resin. To

radation than against distinct proteases. Somatostatif/0id incomplete couplings of amino acidshialkyl

14 was used to compare the synthesized peptides wifiline acids preformed dipeptide building units with an
the naturally occurring compound which is degraded functionalized peptide bond or an acylated reduced
by proteolytic enzymes within minutes. The proteolyt-Peptide bond were successfully used to synthesize the
ic activity of the liver homogenate was estimated by ctapeptides. This strategy allows monitoring of the
modified azocasein test [37] and the protein content ofSSeMbly atevery step by removing an analytical amount

a homogenate probe used for the incubation was dete?f Peptide from the resin. Coupling of tNemodified
mined by the Lowry-method [38]. dipeptide units may lead to racemization of Qxeer-

After incubation of each peptide with the liver ho- Minal amino acid. The lactam bridges in the octapep-

mogenate and several work-up procedures the sampl ides betweem-functionalized dipeptide units can be

were analyzed by HPLC. Figure 1 shows the biostabillo'méd smoothly not depending on the type of modi-
fied peptide bond, ring size or direction of the lactam

bridge.
As an important result of this study it was found that
backbone cyclization stabilizes the tested octapeptides
SST-14 against enzymatic degradation. Even in a mixture of
different proteases existing in rat liver homogenate they
are stable over a period of at least 15 h.

Enzymatic Stability

1h The biological activities which were tested in radio-
(1):'” ligand binding studies on cell lines with different so-

matostatin receptor subtypes are in the same range as
found for other published analogues, but do not show a
sufficiently pronounced subreceptor selectivity.

Based on the very high stability against enzymatic
degradation we are interested to extend the structure-
activity-studies with new backbone cyclic octapeptides
and with selective pharmacological tests to develop more
potent and selective analogues.

J1738

15h
0h
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Experimental on a Shimadzu LC-8A equipped with a Vydac 218TP column
_ (10 pum particle size, 300 A pore size, 22 x 250 mm). The
Materials elution gradient was 15—-65% B in 120 min at a flow rate of

Peptide assembly was performed on Rink-amide-MBHA-resint0 ml/min, where Awas 0.1% TFA in water and B 0.1% TFA
purchased from Novabiochem by the solid phase method ol 90% acetonitrile; detection at 220 nm. Collected fractions
a semiautomated Bachem Peptide Synthesizer SP 650. Anfitere concentrated and lyophilized from water.

no acid derivatives and coupling reagents were purchased from )

Orpegen (Heidelberg, Germany) and Novabiochem (Badhnalytical RP-HPLC

Soden, Germany). All materials and solvents were of reagentip|_c-analysis for monitoring and purity control was per-
grade and were used without further purification with the fol-formed on a Shimadzu LC-10AT chromatograph with a \/-
lowing exceptions: DMF was first dried over molecular sievesyac 218TP column (5 um particle size, 300 A pore size, 4.6 x
and distilled from phthalic anhydride, DCM was stored overos mm). Peptides were eluted with the gradient 10—60% B
molecular sieves. Thi-functionalized dipeptide building i, 50 min at a flow rate of 1.0 mi/min, A was 0.1% TFA in

units were prepared as described elsewhere [10, 11]. water and B 0.1% TFA in acetonitrile; detection at 220 nm.
Thin layer chromatography of peptides was performed on

precoated glass plates (silica gel 6g,Merck, Darmstadt, pass Spectrometry
Germany) using the solvent systemswjutanol/acetic acid/ ) ) )
water (4:1:1) and Bh-propanol/25% ammonia (7:3). The The molecular weights of the octapeptides were determined

peptides were visualized with UV and ninhydrine. by MALDI-TOF-mass spectrometry on a Laser Tec Research
mass spectrometer (PerSeptive Biosystems) usicgano-
Methods 4-hydroxycinnamic acid as matrix.

General SPPS protocol Amino Acid Analysis

The octapeptide analogues of somatostatin were synthesized | )

by the Fmoc-strategy using PyBOP as the coupling reagent €ptides were hydrolyzed withv61Cl at 110 °C for 24 h.
The Fmoc-group was removed with 33% piperidine/magicThe hydrolysates were analyzed in an amino acid analysator
mixture (1% Triton X 100 in piperidine/DMF/NMP, 1:1:1) LC 3000 (Eppendorf Biotronik).

twice (10 and 20 min). Couplings were performed using 4

equiv. of Fmoc-amino acid and 4 equiv. of PyBOP in the presEdman Degradation

ence of 8 equiv. DIEA in magic mixture (DCM/DMF/NMP, - .44 nentides containing dipeptide building units of the con-

1:1:1, containing 1% Triton X 100 andiZthylene carbon- _ yenrional type were additionally analyzed by Edman degra-
ate) for 4 h and repeated in case of incomplete couplings. The.. yP y y y g

X X L X . . tion on a protein sequencer LF 3000 (Beckman) with an
dipeptide building units were coupled in 2 fold excess withgine HPLCp injectionqsystem. The phe(nylthiohygjantoin

2 equiv. of PyBOP and 4 equiv. of collidine. The assemblypryy) gerivatives were identified by RP-HPLC using a su-
was monitored by the qualltatl\{e Kaiser-test and HPLC'a”apersher RP-8 column (4 um particle size, 1.6 x 250 mm) (MZ
PAnalysentechnik) at a flow rate of 0.2 ml/min and a tempera-

; ) - ~ture of 54 °C. The PTH amino acids were eluted with a four
OSu and DIEA in DCM/NMP (1:1) for 30 min. All deprotec- gio gradient of solvent A (0.82sodium acetate buffer, pH

tion and coupling steps were followed by intensive washing$ gg “containing 1 g/l octanesulfonic acid and 32.5 mi/l THF
using DMF and DCM. After the final Fmoc-deprotection the ;.4 g (100% a%etgnitrile). ' )

Boc-group was introduced with 5 equiv. of (Bg2)and 10
equiv. of DIEA in DMF for 2 h. The loaded resin was then Metabolic Stabilit
washed and dried in vacuo for the following deprotection of etabolic Stability

the Aloc/OAll-groups which was carried out using 2 ml of Determination of Proteolytic Activity

DMF, 2 ml of THF, 1 ml of 0.8 HCI, 900 pl of morpholine  The proteolytic activity of the liver homogenate was deter-
and P(PPh), as the catalyst for 500 mg resin. The reactionmined according to the literature [36]. 0.2% azocasein was
time was 16 h. The catalyst was removed by washing thg,cpated with liver homogenate at 37 °C for 30 min. The
resin with DCM, DMF and ethanol. For the cyclization 6 gaction was stopped by the addition of 10% TCA. Proteoly-

equiv. of PyBOP and 12 equiv. of DIEA in magic mixture e activity was determined by measuring the absorbance of
were used with a cyclization time of 2—4 h. In some casege degraded products at 336 nm.

cyclization had to be repeated. Cleavage and deprotection of
the peptide from the resin were performed according to th% .
reagent K/TFA-cleavage protocol (for 500 mg resin: 375 mg roteolytic Assay

phenol, 250 pl thioanisol, 125 pl 1,2-ethandithiol, 250 pl waterThe proteolytic stability of the octapeptide analogs against

and 5 ml TFA) for 2 h. The crude peptides were precipitategproteases of the liver was measured as follows: liver homoge-
in cold diethyl ether, centrifugated, dissolved in 8@ nate was prepared at 0—4 °C according to the procedure of
butanol and lyophilized. The purified peptides were obtainedRapoport and Radebrecht [39]. The liver of Wistar rats were

after two couplings were capped with 2 equiv. of Z(2Cl)

in yields varying between 15—-35%. finely minced with surgical scissors and perfused using0.25
e . saccharose buffer. The tissue (5 g) was then homogenized in
Purification of Peptides 10 ml of homogenization buffer (0.1 mM sodium phosphate

The crude peptides were purified by semipreparative HPLuffer, pH 6.5) with a Potters homogenizer (Braun). 0.5 mg
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of the peptide was dissolved in 10 pl of DMSO and 490 ul of
the phosphate buffer (pH 6.5) were added. The mixture wag2]
then incubated with 500 pl of the liver homogenate (protein
content after Lowry [38]: 15.65 mg) at 37 °C. Incubation was!23!
stopped after different times by the addition of 20% TFA.
After centrifugation the supernatant is used for HPLC-analy-

Sis.

ton, A. G. Zacchei, Life Scil984 34, 1371

W. Bauer, U. Briner, W. Doepfner, R. Haller, R. Huguenin,
P. Marbach, T. J. Petcher, J. Pless, Life 8882 31, 1133

a) R. Z. Cai, B. Szoke, R. Lu, D. Fu, T. W. Redding, A. V.
Schally, Proc. Natl. Acad. Sci. USK986 83, 1896. b) R. Z.
Cai, T. Karashima, J. Guoth, B. Szoke, D. Olsen, A. V. Schal-
ly, Proc. Natl. Acad. Sci. USA987, 84,2502

Z. Huang, Y. B. He, K. Raynor, M. Tallent, T. Reisine, M.

C. Gilon, M. Huenges, B. Matha, G. Gellerman, V. Hornik,
M. Afargan, O. Amitay, O. Ziv, E. Feller, A. Gamliel, D.
Shohat, M. Wanger, O. Arad, H. Kessler, J. Med. CH€98

E. Atherton, R. C. Sheppard in: Solid Phase Peptide Synthe-
sis — A Practical Approach, IRL Pret889 p. 152

M. Patek, M. Lebl, Tetrahedron Le1t991, 32, 3891

W. Rapp, L. Zhang, R. Habich, E. Bayer in: Peptiti@88

(G. Jung, E. Bayer, Eds.), Walter de Gruyter, Berlin 1989, p.

J. Urban, T. Vaisar, R. Shen, M. S. Lee, Int. J. Peptide Pro-

M. J. O. Anteunis, C. Van Der Auwera, Int. J. Peptide Pro-

D. S. King, Int. J. Pept. Protein R499Q 36, 255
R. Gothe, L. Seyfarth, C. Schumann, |. Agricola, S. Reiss-
mann, A. Lifferth, C. Birr, M. P. Filatova, A. Kritsky, V. Kibi-

L. Zhang, C. Goldammer, B. Henkel, F. Zuhl, G. Panhaus,
G. Jung, E. Bayer in: Innovation and Perspectives in Solid
Phase Synthesis (R. Epton, Ed.), Mayflower Worldwide Lim-

J. Jones in: The Chemical Synthesis of Peptides — Interna-
tional Series of Monographs on Chemistry 23, Clarendon

A. J. Barrett, H. Kirschke, Methods Enzymb881, 80, 535

O. H. Lowry, O. A. Bessey, J. Biol. Chekf46 163 633

S. M. Rapoport, H. J. Radebrecht in: Physiologisch-che-
misches Praktikum, Verlag Volk und Gesundheit, Berlin 1989,

[24]
Goodman, J. Am. Chem. Sdk992 114, 9390
[25]
References
[1] H. Kessler in: Trends in Drug Research (V. Claassen, Ed.) 41,919
Elsevier, Amsterdam 1990, p. 73 126]
[2] V. Hruby in: Peptide Pharmaceuticals: Approaches to De-
sign Novel Drugs (D. J. Ward, Ed.), Elsevier, New York, p. [27]
135 [28]
[3] H. Kessler, Angew. Chenl982 94, 509
[4] C. Gilon, D. Halle, M. Chorey, Z. Selinger, G. Byk, Biopo- [29] 199
lymers1991, 31, 745 .
[5] G.Byk, C. Gilon, J. Org. Cheni992 52, 5687 tein Res1996 47, 182
[6] S. Reissmann, G. Greiner, J. Jezek, C. Amberg, B. MUIIer,[S'O] :
L. Seyfarth, L. F. Pineda, |. Paegelow, Biomed. Pept. Pro- tein Res1988 31, 301
teins Nucleic ACldg.994 1,51 [31] H. Rlnk, Tetrahedron Letfl987, 28, 3787
[7] G. Bitan, C. Gilon, Tetrahedrok995 51, 10513 [32]
[8] D.Muller, I. Zeltser, G. Bitan, C. Gilon, J. Org. Chetw97,  [33l
62, 411
[9] G.Bitan, D. Muller, R. Kasher, E. Gluhov, C. Gilon, J. Chem. rev, J. Prakt. Chenl999 341, 369
Soc., Perkin Trans.997, 1, 1501 [34]
[10] B. Mduller, D. Besser, P. Kleinwéchter, O. Arad, S. Reiss-
mann, J. Pept. Re$999 54, 383 ; S
[11] D. Besser, B. Miiller, I. Agricola, S. Reissmann, J. Pept. Sci.[35] ited, Birmingham 1994, p. 711
200Q 6, 130
[12] P.Brazeau, W. Vale, R. Burgus, N. Ling, M. Butcher, J. Rivier,
R. Guillemin, Sci1973 179, 77 Press, Oxford 1991, p. 94
[14] J. Epelbaum, Prog. Neurobidl9osg 27, 63 [37]
[15] M. R. Lucey, T. Yamada, Dig. Diseases Scient@39 34, {gg}
5S
[16] A. Schally, A. M. Comaru-Schally, T. Redding, Proc. Soc.
Exp. Biol. Med.1984 175, 259 p. 52
[17] T. Reisine, Am. J. Physiol995 269 G813
[18] Y. C. Patel, M. T. Greenwood, R. Panetta, L. Demchyshyn,
H. Niznik, C. B. Srikant, Life Scil995 57, 1249 Address for correspondence:
[19] D. Hoyer, G. I. Bell, G. I., M. Berelowitz, J. Epelbaum, W. Prof. Dr. Siegmund Reissmann
Feniuk, P. P. A. Humphrey, A. M. O'Carroll, A. Schonbrunn, Institut fir Biochemie & Biophysik
J. E. Taylor, T. Reisine, TiPB95 16, 86 Biologisch-Pharmazeutische Fakultét
[20] D.F. Veber, R. G. Strachan, S. J. Bergstrand, F. W. Holly, C Friedrich-Schiller-Universitat Jena
F. Homnick, R. Hirschmann, M. Torchiana, R. Saperstein, JPhilosophenweg 12
Am. Chem. Socl976 98, 2367 D-07743 Jena
[21] D.F. Veber, R. Saperstein, R. F. Nutt, R. M. Freidinger, S. FFax: Internat. code (0)3641-949352

Brady, P. Curley, D. S. Perlow, W. J. Jr. Paleveda, C. D. Cole-Mail: reissmann@merlin.biologie.uni-jena.de

J. Prakt. Chen00Q 342, No. 6

545



