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AESTRACT

Aminoacyl (Phe,Gly) derivatives of nuclecside aliphatiec
analogues bearing a hydroxyalkyl chain have been prepared by
the condensation of the alcohols with N-bernzyloxycarbonyl-
amino acid in the presence of DCC followed ty hydrogenolysis
in methanol. These compounds inhibit peptidyl transferase
activity and binding of acceptor substrate to E. coli ribo-
someés. The inhibitory activity is not much affected by the
nature of either the aminoacyl or the heterocyclic tase
residue. In the transfer reaction, no peptide bond formation
occurs with the above compounds as acceptors.

INTRODUCTION

Recently, aliphatic analogues of nucleosides =znd nucleo-
tides have attracted an increased attention und have been
investigated both from chemicel and biocheniczl points of
view. Especially, the 2,3-dihydroxypropyl derivatives of
naturally cceurring pyrimidine and purine becses have been
investigated in detail in this and cther latoratories (cf.l’z
2 that these
ccempounds might assume a conformation similar to that of

and references therein). It has been demonstrated

ribonuclecsides. Only the (S)-enantiomeric derivatives are
substrates for some nucleolytio enzymesl.

In this connection we have studied aminoacyl derivati-es
of nucleoside aliphatic 2nalogues as potential substrates or
inhibitors of peptidyl transferase. It has been shown that
aminoacyl esters (particularly the Phe esters) of nucleo-
sides, especially in adenine series show 2 pronounced "puro-
mycin-like" activity both by inhibition of the amino-acid
incorporation into proteins3 and by acting.as acceptor sub-
strates of the peptide chain during the peptide bond for-

mation4. The acceptor activity of aminoacyl nucleosides
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depends on the heterocyclic part, aminoacyl residue and sugar
moiety: 2'(3')-O—L-phehylalanyladenosine is as active acceptor
as puromycin4’5 whereas 3'-0—Irphenylalany1-2'-deoxyadenosine
is a poor acceptor4’5 and 5'-O—aminoacy1 derivative36 and the
3°~0-aminoacyl ester of adenine arabinoside7 are inactive.

The effect is evidently due to the presence of suitably
oriented neighbouring hydroxylic function.

In the aliphetic series, the hydroxyliec functions of 2,3-
-dihydroxypropyl derivatives (type III,IV) correspond to 2’ -
ané 3 -positions of a ribonucleoside. The aminoacyl derivati-
ve of the type III or IV contains also a hydroxyl group in
the neighbouring position. During the progress of our studies,
a preliminary report has been published8 confirming the ex-
pected biological activity of such compounds. However, the
examination was performed with the racemic derivative only.
In this paper, we present results of our examinations of
various aminoacyl derivatives of nucleoside aliphatic ana-
logues upon the peptidyl transferase reaction.

ROCH,,CH 5A CH 3 CHCH A Rlomizcl!HCHZA
OR OR2
I II 11T
1
R]'OCH2(‘2H(2JH2T R ocuagngnzcmzlx
OR OR
v v
1_.2_ - :
a R =R°=H A = adenin=9-yl
b RY=Z-Phe, R%=H T = thymin-yl
c R1=R2=Z-Phe Phe = L~phenylalanyl
d R-=Phe, R°=H Gly = glycyl
e R1=R2=Phe Z = benzyloxycerbonyl residue
£ R=z-Gly, R%=H
g R'=Gly, R%=H
MATERIALS

The starting aliphatic analogues of nucleosides, their
racemates or (S)-enantiomers were prepared by condensation
of the corresponding p-toluenesulfonyl derivatives with the
sodium salt of the appropriate heterocyclic base (adenine,
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thymine) by procedures described elsewherel?2, (R)-9-(2,3-
-dihydroxypropyl)adenine was synthesized from methyl S5-adenin-
-9—y1-5-deoxy—2,3—isopropylidene-D-ribofuranosidelo by acidic
hydrolysis followed by periodate oxidation and sodium boro-
hydride reductionz. All compounds were chemically and optical-
1y pure as checked by criteria described elsewherez.

The aminoacyl derivatives were prepared by ccndensation of
the free nucleoside analogue with N-benzyloxycarbonyl-L-phenyl-
alanine or -glycine in the presence of N,N’-dicyclohexylcaerbo-
diimide in pyridine. The N-benzyloxycarbonylaminoacyl deriva-
tive thus obtained was isolated by chromatography on a loose
layer of silica and crystallized. The purity cf the product
was checked by thin-layer chromatography, analysis and IR
spectra as well as by amino-acid analysis after acidic hydro-
lysis (6 N HC1l, 20 h at 110°C), The reaction afforded mono-
-aminoacyl derivatives as the main products. The preparation
of the bis-N-benzyloxycarbonylaminoacyl derivatives was per-
formed analogously with the excess of N-bernzyloxycarbonylamino
acid. With dihydroxyalkyl derivatives, the reaction was ex-
pected to take place predominantly on the primary hydroxylic
function; no special attention was paid to the isomeric purity
of such mono-aminoacyl derivatives, owing to the expected easy
migration of the free amino acyl derivatives (ef.3).

Particular care was given to the removal of the prctecting
groups from the N-benzyloxycarbonyl derivatives, owing to the
lability of the resulting aminoacyl esters in alkaline and
neutral media. As the most suitable alternative, a hydrogeno-
lysis in absolute methanol in the presence of palladium-on-
-charcoal catslyst and trifluoroacetic acid was used generally;
after the reaction had been completed, the acid was neutrali-
zed with pyridine and the aminoacyl derivative isolated and
freed from pyridinium trifluoroacetate by precipitation with
ether. The product obtained was dissolved in 1M acetic acid,
the concentration estimated spectrophotometrically and the
purity checked by paper chromatogrephy and electrophoresis in
1M acetic acid. The aminoacyl esters thus obtained were essen-
tially pure and contained the product as the only ultraviolet-
-absorbing and ninhydrin-positive component.
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The procedures described are demonstrated by the following
general procedures:

(4 mmol) and the N-benzyloxycarbonylamino acid (5 mmol) in
pyridine (20 ml) were stirred for 1% min and N,N’-dicyclo-
hexylcarbodiimide (2.5 g) was added afterwards. The mixture
was stirred overnight at room temperature with the exclusion
of mecisture and afterwards water (5 ml) was added. After
additional 1 h of stirring, water (100 ml) was added, the
whole extracted with chloroform (three 25 ml portions), the
extract washed with water (50 ml), dried over magnesium sul-
fate, evaporated at 4C°C/15 Torr and freed from pyridine by
repeated codistillations with toluene {(three 25 ml portions)
urder the above conditions. The residue was applied to two
loose layers of silica with fluorescent indicator (produced
by SeVice Laboratories of the Institute) (40x16x0.3 cm) and
developed in ethanol-chloroform mixture (5:95). The bands of
the product were eluted with methanol (200 ml), filtered and
evaporated in vacuo (see above); the residue was precipitated
from methanol (5 ml) with ether (200 ml), the product collec-
ted with suction and dried at 0.1 Torr over phosphorus pent-
oxide. The yields and cheracteristics of the products thus
obtained are summarized in Table I.

forred analogously as above, with the nucleoside analogue

(2 mmol), N-venzyloxycarbonylamino acid (10 mmol), pyridine
(10 ml) and N,N°-dicyclohexylcarbodiimide (2.5 g) for 24 h at
room terperature. The yields and characteristics of products
thus obtained are given in Table I.

aminoacyl derivative (see atove) (1l mmol) was dissolved in
dry methanol (25 ml), trifluoracetic acid (0.2 ml) was added
followed bty 10% PAa/C cetalyst (0.5 g, Xoch-Light) and the
wr.ole hydrogenated at room temperature under stirring in
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Table I. Preparation and Properties of Aminoacyl Derivatives
of Aliphatic Nucleoside Analogues

Compound Yield, % Arino acid a Rp b EC
~ base s1 S2

Ib 62.8 0.90 Phe/A 0.15 - -
(Rs)-I1bd 25,0 0.94 Phe/A 0.24 - -
(s)-I11v 64.0 0.86 Phe/A 0.17 - -
(R)-IIIb 69.0 0.90 Phe/A 0.17 - -
(8)-I11c 44.0 1.92 Phe/A 0.34 - -
(s)-111f 22.0 0.98 Gly/A 0.10 - -
(s)-Ivb 68 .0 0.87 Phe/T 0,27 - -
(s)-Ive 42,2 1.76 Phe/T 0.58 - -
(RS)-Vb 65.0 0.88 Phe/A 0.2¢C - -
(RS)-Ve 42.8 1.82 Phe/A 0047 - -
Id 72.0 1.12 Phe/A - 0.65 | 1.11
(RS)-1I4d 54 .0 1.02 Phe/A - 0.64 | 1.12
(s)-1114 44.3 0.93 Phe/A - 0.72 | 1.12
(R)-III4 45.5 0.90 Phe/A - 0.72 | 1.12
(S)-IIIe 62.0 2.12 Phe/A - 0.77 | 1.28
(8)-111g 555 1.04 Gly/A - 0.64 | 1.54
{s)-1va 67.0 0497 Phe/T - 0.69 | 0.75
(s)-Ive 40.5 2420 Phe/T - 0.72 | 1.04
(Rs)-va 6245 1.17 Phe/A - 0.75 | 1.10
(RS)-Ve 54 45 1.87 Phe/A - 0.82 | 1.30
Z=Phe - - 0.65 - -
Z-Gly - - 0.45% - -
Phe - - - 0.72 | 0.35
Gly - - - - 0.65

8 71C on plates of silica (Silufol UV235) in chloroform-
-ethanol (95:5); b paper chromatography in l-butanol-acetic
acid-water (5:2:3, v/v); °© paper electrophoresis in 1M
acetic acid (referred to adenine); d (R) and (S) designate
an absolute configuration, (RS) a racemic compound.
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hydrogen atmosphere (1 atp) for l=4 h. The progress of the
reaction was followed by TIC in ethanol-chloroform mixture
(1:9) till the starting compound disappeared. Afterwards,
pyridine (1 ml) was added, the whole filtered through a
cellite layer and the filtrate evaporated to dryness. The
residual foam was precipitated from methanol (5 ml) with ether
(100 m1), the product collected by filtration and washed with
ether (200 ml). The residue was dried in vacuo, dissolved in
1M acetic acid (10 ml), filtered through paper (Schleicher/
Schuell) filter from a small amount of insoluble material and
the concentration estimated spectrophotometrically at pH 2.

In the amino acid analysis, 10l samples of the stock
solutions were treated with 6 N HCl under the usual conditions
and the quantitative analysis performed on an automatic amino-
-acid analyzer. The data obtained on spectrophotometrical
measurements and amino acid analysis differed by less than
10% (the phenylalanine absorption has not been taken into
account).

Before use, the stock solutions were freeze~dried, re-
dissolved in water, adjusted to pH = 7 with 1 N sodium hydrox-
ide at 0°C and made up with water to an appropriate volume.

Ae checked by paper chromatography and electrophoresis in
1M acetic acid (20 V/em, 1 h), the products thus obtained are
homogeneous both in ultraviolet-absorbing and ninhydrine-
-positive ccmponents and are not contaminated either by
starting nucleoside analogues or by free amino acid within
the limits of experimental error. The ultraviolet absorption
spectra resemble those of starting nucleoside analogues. The
yields and properties of products thus obtained are summarized
in Table I.

METHODS

Ribosomes were prepared from Escherichia coli B as de-
scribed elsewhere4.

Transfer assay. The transfer of acetylleucyl residue from
CpApCpCpA—(ac[14C]Leu) fragment to puromycin was measured
according to Monro et al™".

Assay of the CpApCpCpA—[3H]Phe substrate binding to the ac-
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ceptor site: The procedure of Pestkall was used.
RESULTS AND DISCUSSION

The biologicel activity of the aminoacyl esters of ali-
phatic nucleoside analogues and related derivatives was
examined with the use of a technique consisting in the trans-
fer reaction of ac[14C]Leu residue from ac[14C]Leu-penta-
nucleotide (the terminal fragment of acLeu-tRNA) to puromycin
in the presence of E. coli ribosomesg. The results are sum-
marized in Table II for the whole series investigated. The
data suggest that the inhibitory activity is limited tc the
aminoacyl esters of aliphatic analogues whereas the parent

compounds do not exhibit any significant activity upon the
transfer reaction. In agreement with the data. on polyphenyl-
alanine synthesis de novos, the phenylalanyl ester of 2,3~-
-dihydroxypropyladenine (IIId) was found to be an inhibitor
of the transfer reaction. We have investigated the both
enantiomers of this derivative; both of them show approximate-
ly the same activity. This observation is of considerable
interest: only the (S)-enantiomer ((S)-IIId) cen assume the
conformation of the I-ribonucleoside (or its aminoacyl deri-
vative) whereas the (R)-compound is comparable either to the
IL~ribonucleoside or to the 2°-epimer, i.e. adenine arabino-
side. However, the aminoacyl derivative of the latter was
inactive in the transfer reaction.

The activity cf phenylalanyl derivatives in the adenine
series is not much dependent upon the character of the ali-
phatic chain; the optimum effect may be observed with the
molecule IIId bearing the aminoacyl group at the position vy
with respect to the adenine base, The replacement of phenyl-
alanyi by glycyl, or of adenine by thymine residues results
in a small decrease of the activity. Thereby, the aliphatic
analogues differ most significantly from the corresponding
interchanges in nucleoside series. Therein, replacement of
Phe by glycine, or the replacement of adenine by thymine re-
sults in a considerable loss of activity (by 2=3 orders of
magnitude). Similarly to the nucleoside series, the substi-

tution of the dihydroxyalkyl chain by two Phe residues dces
not influence the activity of the analogue.
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In order to localize further the site of action of the
above compounds, we have ctudied their effect cn the binding
of substrates to the active site of peptidyl transferase. As
indicated by the results in Table II, the asnalogues inhibiting
the overall transfer reaction prevent the binding of the ac-
ceptor substrate to the acceptor site of peptidyl transferase.
The inhibition of this binding was reached at a concentration
higher by one order of magnitude than in the case of inhibi-
tion of the transfer reaction. However, mutual relation of
inhibitory activities of individual derivatives remains pre-
served. Similar difference in the action on the transfer re-
action and on the binding of acceptor substrate was observed
also with gougerotinlz-ls.

In contrast to the inhibition of the binding of the accep-
tor substrate, the analogues tested either do not exert any
significant effect on the binding of the donor substratel
(CACCA~acLeu) or even stimulate the binding slightly. These
results indiecate that the inhibition of peptidyl trensferase
by the above coumpounds can be explained by their inhibitory
effect on the binding of acceptor substrate to peptidyl tresns-
fersse. This interpretation is in agreement with the finding
that both peptidyl transferase and binding of acceptor sub-
strate are unaffected by Z-Phe and Z-Gly derivatives which
have blocked a-amino group of the amino acid residue and the-
refore should not interact with the acceptor site.

When compared with other inhibitors acting on acceptor site
of peptidyl transferase, the most active analogues, (S)-IIId4,
(R)-I114, (S)-IIIe and (RS)-Ve, are less effective approximate-
ly by one or two orders of magnitude than chloramphenicol and
gougerotint@ 19,

In spite of our effort, we were not able to find any accep-
tor activity of the compounds examined, which is typical for
the derivatives of puromycin or aminoacyl adenosines. In this
respect our results differ from those of Gottikh et 31.8 who
described the acceptor activity with the racemic phenylalanine
ester of 9~(2,3-dihydroxypropyl)adenine (IIId) ané also from
the result of Chlédek et 31017 who found the acceptor activity
of another open chain adenosine anslogue. The different be-
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haviour of our compounds and the latter derivatives might be
connected with the conformation of the molecule; whereas the
2-(Adenin-9~yl)-4-methylol-3-oxapentane-1,5-diol moleculel’
might still preserve a conformation similar to that of adeno-
sine, the open-chain hydroxyalkyl analogues studied in this
paper possess an increased freedom of rotation and, thereby,
probably adopt a conformation different from that required
for the acceptor molecule.

It should be mentioned in this connection that aminoacyl
esters of aliphatic analogues of nucleosides are stable under
the conditions of peptidyl transferase reaction. Compounds
(S)-ITId and (S)-IITe do not undergo any cleavage of the ester
linkage during incubation with ribosomes (30 minutes, 37°C,
0.01M Tris pH 7.8, 0.01M MgCl,, 0.03M NH,Cl, ribosomes 3 mg/
ml), as demonstrated by paper electrophoresis.

Thus, it may be conciluded that the activity of the amino-
acyl esters of nucleoside hydroxyalkyl analogues differs in
principle from that of aminoacyl esters of nucleosides or that
of puromycin. It follows from the fact that (1) both 2 -epi-
mers are active; (2) the activity is not much affected by the
replacement of phenylalanine by glycine ester linkages; (3)
both adenine and thymine derivatives exhibit the inhibitory
activity. Furthermore, (4) the compounds do not show acceptor-
-substrate activity in the peptidyl transferase assay.

The conformation of the molecule seems to display the most
important role in the activity of the compounds. In addition
to the role of the aliphatie chain and its substitution, the
forces involved might consist in the mutual interaction of
the heterocyclic base and aminoacyl residue stabilizing the
conformation. Such interaction would be strcngest with adenine
and phenylaluanine residues.

REFERENCES

Holy,A. and Ivanova, G.S. (1974) Nucleic Acids Research
1, 19-34

Holy, A. (1974) Colllzechoslov.Chem.Commun. in press
Waller, J.P., Erdos, T., Lemoine, F., Guttmann, S. and
Sandrin, E. (1966) Biochim.Biophys.Acta 119, 566-580
Rychlik, I., Cernd, J., Chlddek, S., Zemlilka, J. and
Heladovd, Z. (1969) J.Mol.Biol. 43, 13-24

Cernd, J., Rychlik, I., Zemlicka, J. and Chlédek, S.

Vs W

1230

9702 ‘ST Joquisldas uo A1sieAlun aeis eiueA|Asuuad e /610°seulnolploxo: feu//:dny woly papeo jumoq


http://nar.oxfordjournals.org/

Nucleic Acids Research

10
11
12
13

14
15

16
17

{1970) Biochim.Biophys.Acta 204, 203-209

Nathans, D. and Neidle, A. (1963) Nature 197, 1076-1077
Fisher, L.V., Lee, W.W. and Goodman, L. (1970) J.Med.Chem.
13, 775-777

Gottikh, B.P., Krayevsky, A.A., Kukhanova, M.K., Jatsyna,
A.A., Kritzyn, AJM. and Florentiev, V.L. (1973) Mol.Biol.

Reports 1, 173-178
Monro, R.E. and Marcker, K.A. (1967) J.Mol.Biol. 25,
347-350
Monro, R.E., lerns, J. and Marcker, K.A. (1968) Proc.Natl.
Acad.Sci.U.S. 61, 1042-1049
Pestka, S. (1969) Proc.Natl.Acad.Sci.U.S. 64, 709~714
Monro, R.E. ané Vazquez, D. (1967) J.Mol.Biol. 28, 161-165
Harris, R. and Pestka, S. (1973) J.BTol.Cher. 248, 1168-
1174
Pestka, S. (1972) J.BiolwsChem. 247, 4669-46T8

ernd, J., Lichtenthaler, F.W. and Rychlik, I. (1971)
FEBS letters 14, 45-48
Celma, M,L., Monro, R.E. and Vazquez, D. (1970) FEBS
Letters 6, 273-277
Chiddek, S., Ringer, D. and Zemli&ka, J. (1973) Bioche-
mistry 12, 5135-5137

1231

9702 ‘ST Joquisldas uo A1sleAiun aels eiueA|Asuuad e /610°seulnolploxo: feu//:dny woly papeo jumoq


http://nar.oxfordjournals.org/

Nucleic Acids Research

Downloaded from http://nar.oxfordjournals.org/ at Pennsylvania State University on September 15, 2016

1232


http://nar.oxfordjournals.org/

