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Abstract

The peptide bond formation @¥-protected non-coded amino acids having different structures as acyl donor substrates that is catalyzed by
thermoase in organic media was investigated. In these reaciigratected.-a-non-coded amino acids, includingOrn, L-Cit, a-aminobutyric
acid (L-a-Abu) and phenylalanine homologues, were used as the acyl donors and phenylalanine derivatives were used as the acyl acceptors. Tl
kind of enzymatic reactions cannot be carried out in an aqueous buffer due to the rigid specificity of proteases to coded amino acids in watel
The results demonstrated that the substrate specificity of proteases could be broadened in organic solvents. In addition, the factors that influenc
these protease-catalyzed reactions, including structures of the substrates, water content and the bases used, were systematically stkdied. Our \
provided important evidence for broadening the application of protease in organic synthesis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction kind of enzymatic reactions cannot be carried out absolutely
in an aqueous buffer due to the rigid specificity of proteases
Many bioactive peptides contain non-coded amino acidéo coded amino acids in water. To overcome this limitation,
[1,2]. And non-coded amino acids are effective building blocksthe enzymatic reactions were performed in organic solvents
for modifying bioactive peptide$3]. Moreover, non-coded because the substrate specificity of proteases could be broad-
amino acids are important for structure—activity relationshipened in organic solvenf8—19] In our previous studies, estradiol
studies of peptide$4]. The synthesis of peptides contain- derivativeg18] and amino alcohols with unprotected hydroxyl
ing non-coded amino acid residues is usually carried ougroupg19]were used as acyl acceptor substrates and a series of
by chemical methods. However, enzymatic peptide synthesigeptidomimetics were synthesized by proteases in organic sol-
has became an important complement to chemical methodgnts. These previous studies both related to about the utilization
in recent years. The advantages of enzymatic synthesis aff proteases in the enzymatic reactions of non-amino acid com-
bioactive oligopeptides include mild reaction conditions, lesgpounds as acyl acceptor substrates. Generally, the specificity of
requirement of side-chain protection, freedom from racemizaproteases to the;Rosition (acyl donor) is more restricted than
tion, high regio- and stereo-selectivif—8]. However, the that to the B position (acyl acceptofR0]. To our knowledge,
specificity of proteases limits their synthetic application; thusthere are only a few papers relating to the enzymatic formation
non-coded amino acids are seldom accepted by proteases @fspeptide bond of non-coded amino acids atg@sition and
substrates. subtilisin was used as catalyst in most cg§ed 6]. Recently,
Therefore, the protease-catalyzed synthesis of peptides cone focused on the application of proteases to the synthesis of
taining non-coded amino acid residues is a challenging task. Thigeptides of unnatural substrates as acyl donors in organic sol-
vents. Dipeptide derivatives containing substitute phenylalanine
residues at Pposition were synthesized and the influence of dif-
* Corresponding author. Tel.: +86 10 62756354; fax: +86 10 62751708.  ferentsubstituted groups on the enzymatic peptide synthesis was
E-mail address: gltian@pku.edu.cn (G.-L. Tian). studied[14].
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Inorderto further extend the application of proteases, unnatuand peptide derivatives are according to the suggestions of the
ral substrates containing non-coded amino acids were utilized a8 PAC-1UB Commission on Biochemical Nomenclature (Eur.
acyl donor substrates. In this paper, we report the successful syd-Biochem. 138 (1984), 9-37).
thesis of a series of dipeptide derivatives containing non-coded
amino acid residues by thermoase (the crude powder mainly 3. 7ypical experimental procedure
made up of thermolysin). Thermolysin was also used for the
incorporation of non-coded amino acids into dipeptidesiat P To a suspension of acyl donor substrate (0.3 mmol) and acy!
pOSition by SOlid'tO'SOIid Conversion as that in Kula’S reportacceptor Substra‘[e (06 mmo|) in to|uene (6 mL), water (6%) or
[10], while our research was carried out by solution method. Na,S04-10H,0 (10%),N-ethylmorpholine or BN (0.9 mmol)

and thermoase (40 mg) were added. The reaction mixture was

2. Experimental stirred at 37C for 3 days. At the end of the reaction, the mix-
ture was poured into 100 mL of AcOEt (CH{Mas used in the
2.1. Analysis of the samples synthesis of Fmoc-Cit-PheOMe). The organic layer was suc-

cessively washed with 5% N&O;3, saturated NaCl, 5% citric
The melting points were determined by a Yanaco micro meltacid and saturated NaCl solution. The organic layer was dried
ing point apparatus (Yanagimoto Mfg. Co., Japan) and giverver anhydrous Ng&sO4 and filtered. The solvent of the filtrate
without correction. Electrospray ionization—-mass spectromewas removed in vacuo and the obtained residue was purified by
try (ESI-MS) was performed on a LCQ DECA R mass prepared thin layer chromatography (CH®eOH = 20:1) and
spectrometer (Thermo Finnigan, San Jose, CA, USA). Opticaiecrystallized from AcOEt/petroleum to afford pure product.
rotations were measured by a Perkin-Elmer (Wellesley, MA, The following compounds were prepared using above pro-
USA) 341LC polarimeter. cedure and the yields and MS of all compounds were listed in
Tables 1 and 2
2.2. Materials
Boc-Phe-Phe-OMe: mp 122-124C, [o]p?® —12.2 (c 0.5,
Thermoase (specific activity 22 units/mg protein) was pur- MeOH). Anal. calcd for G4H3oN20s (%): C 67.59, H 7.09, N
chased from DAIWA KASEI K.K. Company. Toluene was 6.57; found (%): C 67.49, H 7.15, N 6.40.
analytical grade and was redistilled from Na/benzophenone.Boc-homoPhe-Phe-OMe: mp 116-118C, [a]p?° —11.0 (c 1,
N-protected non-coded amino acids were purchased fromMeOH). Anal. calcd for GsH32N20s (%): C 68.16, H 7.32, N
BACHEM (Torrance, CA, USA). Phenylalanine derivatives 6.36; found (%): C 67.72, H 7.32, N 6.08.
were prepared by a standard technig@g]. The amino acid  Boc-Phg-Phe-OMe: mp 129-132C, [o]p?® +40.7 (c 1,
residues, which are not indicated configuration in this paper, MeOH). Anal. calcd for GzH2gN20s (%): C 66.97, H 6.84, N
are L-configuration. Standard abbreviations for amino acids 6.79; found (%): C 66.67, H 6.86, N 6.61.

Table 1

Yields of dipeptide derivatives containing non-coded amino acid residue synthesiZgcheme 1

Entry Product Acyl donor ESI-MS#{z) (M + Na)* Yield (%)
1 Boc-Phe-Phe-OMe Boc-Phe-OH 427 63

2 Boc-homoPhe-Phe-OMe Boc-homoPhe-OH %041 49

3 Boc-Phg-Phe-OMe Boc-Phg-OH 435 28

4 Boc-a-Abu-PheOMe Boax-Abu-OH 387 84

5 Fmoc-Cit-PheOMe Fmoc-Cit-OH 581 42

6 Boc-Orn(Z)-PheOMe Boc-Orn(Z)-OH 550 70

3 ES|-MS (M + HY'.

Table 2
Yields of Boc-Orn(Z)-Phe-Y synthesized vi&@heme 2
Entry Product Acyl acceptor ESI-MS%uz) (M +H)* Yield (%)
6 Boc-Orn(Z)-Phe-OMe PheOMe 550 70
7 Boc-Orn(Z)-Phe-OEt PheOEt 542 25
8 Boc-Orn(Z)-Phe-OBzl PheOBzI 604 6
9 Boc-0Orn(z)-Phe-OBu PheOBU - 0
10 Boc-Orn(Z)-Phe-NH PheNH 513 83
11 Boc-Orn(Z)-Phe-bH2Ph PheNH,Ph 604 78
12 Boc-Orn(Z2)-Phe-GlyNbl PheGlyNH 570 85
13 Boc-Orn(Z)-Phe-GlybH,Ph PheGIlyNH,Ph 661 86

a ES|-MS (M +Naj.
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Boc-a-Abu-PheOMe: mp 79-81°C, [a]p2® —22.9 (c 1.2, 0-B0C-5.Z-Orm-OH + H-Phe.y Nermoase_ o @« Om-Phe-Y
MeOH). Anal. calcd for GoHogN2Os (%): C 62.62, H 7.74, N , foluene

7.69; found (%): C 62.55, H 7.78, N 7.53. Y = OMe, OEt, OBzl, OBu', NH,, NHNHPh, GlyNH,, GlyNHNHPh
Fmoc-Cit-PheOMe: mp 166-169C, [a]p?® —6.4 (c 0.5,  Scheme 2. Synthesis of Boc-Orn(Z)-Phe-Y catalyzed by thermoase in toluene.
DMF). Anal. calcd for G1H34N4Og (%): C 66.65, H 6.13,

N 10.03; found (%): C 66.42, H 6.23, N 9.76.

a-Boc-8-Z-Orn-PheOMe: mp 116-118C, [a]p?° —7.6 (c 1.1,  Seek the rules of enzymatic reactions in organic media, factors
MeOH). Anal. calcd for GgH37N30O7 (%): C 63.74, H 7.07, N influencing these enzymatic reactions were systematically stud-

7.96; found (%): C 63.63, H 6.74, N 7.96. ied, too.

a-Boc-8-Z-Orn-Phe-OEt: mp 92-94C, [o]p2° —10.0 (c 0.6, It is interesting to note that the yield of Boc-homoPhe-Phe-
MeOH). Anal. calcd for GgHzgN307 (%): C 64.31, H7.26, N OMe (49%) was higher than that of Boc-Phg-Phe-OMe (28%)
7.76; found (%): C 64.25, H 7.13, N 7.74. as shown inTable 1 This result was probably caused by the

a-Boc-8-Z-Orn-Phe-OBzl: mp 140-142C, [«]p2® —16.8 (¢ less steric hindrance of homoPhe. However, the yields of these
0.5, MeOH). Anal. calcd for g4H41N307 (%): C 67.64, H  twocompounds were obviously lower than that of Boc-Phe-Phe-
6.85, N 6.96; found (%): C 67.21, H 6.74, N 6.82. OMe with Boc-Phe-OH as acyl donor (63%), which indicated
a-Boc-8-Z-Orn-Phe-NH»>: mp 118-120C, [o]p?° —21.0(c 1,  thatsuch selectivity broadening of proteases in organic solvents
MeOH). Anal. calcd for GzH36N4Og (%): C 63.26, H 7.08, N was still limited.

10.93; found (%): C 63.50, H 7.15, N 10.68. In order to explore the effect of the different structures
a-Boc-8-Z-Orn-Phe-NHNHPh: mp 135-137C, [«]p?®°—34.5  at C-terminus of acyl acceptors on the enzymatic reactions,
(c 0.6, MeOH). Anal. calcd for €3H41N50g (%): C 65.65, H  Boc-Orn(Z)-OH was chosen as the acyl donor substrate and
6.85, N 11.60; found (%): C 65.39, H 6.85, N 11.58. Phe derivatives with different structures at C-terminus were
a-Boc-8-Z-Orn-Phe-GlyNH»: mp 120-123C, [a]p?® —22.9  Used as the acyl acceptor substratésheme 2 The yields

(c 0.8, MeOH). Anal. calcd for §sH39N507 (%): C 61.14, H  of these dipeptide derivatives Boc-Orn(Z)-Phe-Y (Y represents
6.90, N 12.29; found (%): C 60.94, H 6.96, N 12.15. the groups at C-terminus of Phe) were displayedamle 2
a-Boc-8-Z-Orn-Phe-GlyNHNHPh: mp 90-92C, [o]p2° —4.0  Whenthex-carboxyl groups of Phe were protected by ester bond
(c 0.5, MeOH). Anal. calcd for §H44NgO7 (%): C 63.62, H  (Table 2 entries 6-9), the yields were less than 70%. When Phe
6.71, N 12.72; found (%): C 63.37, H 6.84, N 12.43. derivatives with amide bond at C-terminus were used as acyl
acceptors Table 2 entries 10-13), the yields were increased
to 78-86%. There were two possible reasons; one was due to
the poor solubility of these four products in toluene, the other

N-protected non-coded amino acids with different structures’3S that the acyl acceptors with amide bond at C-terminus were

including basic amino acids-Orn andir-Cit, neutral amino ¢a5|ertodbe r(tar(]:ogn:ie(: bytthermtolyts_m. Furtherrr;ore,lthe yletlds
acid a-aminobutyric acidi(-a-Abu) and aromatic amino acids Increased as te bulk ot ester protecting groups of acyl acceptors
; ; ; : decreasedTable 2 entries 6-9). The highest yield (70%) was
phenylglycine (-Phg) anda-amino<y-phenylbutyric acid i(- btained when PheOMe with th llest ester at C-termi
homoPhe), were utilized as acyl donor substrates for peptid% ained when FheMe wi € smaflest ester at L-lerminus

bond formation catalyzed by thermoase in toluedehgme L A was used as acyl acceptor. However, the product Boc-Om(Z)-

. ) I
series of dipeptide derivatives containing non-coded amino acigheo.Bu could not be obtained becaL.Jse- of the steric hmdranpe
residues were obtained (shownTable 9. While no products of tertiary butyl group. These results indicated that thermolysin

were determined by TLC when these reactions were performe\fyas lrzhfavor 0{1)‘ smlall bIocklr;Ing?roups f@r-(t:artJodX)blllc gtroubp d
in an aqueous buffer. The results demonstrated that the substréﬁ’gen &-Carboxylgroups ot~ne were protectedy esterbond.

specificity of proteases could be broadened in organic solvents Next, we studied the effect of water content on the enzy-

so that unnatural substrates containing non-coded amino aciggat'c reactlon.s. In the synthe5|§ of Boc-Orn(Z)—.PheOMe, the
could be accepted by proteases as acyl donor substrates. water content in toluene was varied from O to 2(Pig( 1). Th%\

On the other hand, although there are many advantages I SUIFS showed that zhe opUmum water g:ontent was .4_10/0 and
protease-catalyzed peptide synthesis, the rules and the mec e yield was 53-58%. Higher yield (70%) was obtal_ned when
nism of enzymatic peptide synthesis in organic solvents are n 250y-10H,0 was used to supply essential water mste_ad of
known clearly. Furthermore, the general approach for enzymati ee water. Furthermore, the yield of I(?oeAbg—PheOMg n
peptide synthesis has not been achieved. The synthesis yiel & presence of MSO4-10I-|200was 84%, which was higher
were influenced by many factors, including the structures of th an that using free water (71%). The reason was that the salt

substrates, water content, the bases used and 22686} To ydrates could take up or release water in organic solvents to
' ' keep a proper water activity:) that is required for obtaining

high activity of the enzymes and thus achieving high yi¢hdg.

3. Results and discussion

P-AA-OH + HCI- PheOMe ﬂ:im%aese P-AA-PheOMe . Finally, we studied the effect Qf bases on the enzymatic reac-
tions (Scheme B N-Ethylmorpholine and BN were both bases
P=Boc, Z, Fmoc; AA = Om, Cit, o-Abu, Phg, homoPhe, Phe used for neutralizing hydrochloride salt of acyl acceptors and

Scheme 1. Synthesis of dipeptide derivatives containing non-coded amino acRdjusting the pH value of the reaction media. In the synthesis
residue at P position by thermoase in toluene. of Boc-w-Abu-PheOMe and Boc-homoPhe-PheOMe catalyzed
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