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i Entmdﬁctibn -

Extensive studies with bacterial and mammalian
ribosomal systems have provided a fund of information
with respect to the inhibition of protein biosynthesis -
at the peptide chain elongation stage by gougerotin (11)

NP2
blasticidin S (2).and amicetin (3) [1]. Within this group '
of antibiotics, which in fact show very similar inhibitory- R 9' BA HZN§ ,
patterns, and which, on the basis of their gross structural CH0H - cyoncey )
features, may be designaied the amz:xaacy!—t!ammo— ' o o ' th
hexosyl-cytosine group of 50 S inhibitors, very little is -~ L GOUGEROTIN | 2:BLASTICIDIN S
known about stmature——actmtv relationsh:ps :shhough _ o ‘ :
first correlative indications may be extracted from the - ' 0 0
biological evaluation of some analogues of blasticidin § L " : “ZMNH
{2] and of gougerotin [3]. In our pursuit of further ' L U , 2
assessmg steric and funct:onai group requiremeiits for L CROH 0 )\N I 0 )\N |
inhibitory activity within this group of antibiotics, we ; oy tHy [t Thy
initiated an evaluation of the effects of bamicetin (4} - 0 C})i g 0 Cj)}
and plicacetin (5) on ribosomat peptidyl transferase. - wu i o) 0
‘Though these antibiotics (4 and 5) have been surmised ' 53 ] Mmoo , EH3 - D
[1;4] to biologically belong into the same group with - 3 pethoAMCETN 5. Pt CACETIN
1-3as of now, cmiy bactenal screenmg data {5 6} are 4 nah: G AMICETN ‘ )
,avaﬁable ' : ‘

- the Hmversaty of Tokyo; amicetin, bamicetin and
plicacetin were gifts from Dr. T.H. Haskell, Parke-Davis,

\!atemls amd metﬁmde S R o S Ann Arbcit,'Michigan. :

R:bosomes were prepared from Eschenchw coli B 2.0, Transfer assay wirh (L ys} -tRNA

desvnbed elsewhere {7]. Gougemtm was purchased _ The transfer of lysine peptides from (Lys),, -tRNA
from Calbmchem USAL Blasalcndm S was a gift from .~ to puromycin: was measured according to Rychhk et
Dr H Scto of the Hnstltute of Apphed Mncmhml()gy, ~al. [7}. The mcubatmn lastzd 40 min at 35 -The'
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samples were preupltated with 5% tnchioracetlc dcid,
filtered and counted [7]

2.2, Fransfer assay with A _Phe—tRNA .

The transfer of the AcPhe«reSIdLe from AcPhe-
tRNA to puromycin was measured accordmg to {7].
After a 30 min incubation period at 35°, the AcPhe-
puromycin formed was extracted into ethylacetate [:;}
as modified by Monro et al. [9]..

2.3. Transfer assay with the CA CC!4 {AcLeuw) fragment
The transfer of the AcLeu-residue from the CACCA-
\Aci.eu\ fragment to puromycin was measured accord-

ing to Monro et al. {9¢.

2.4. Assay of the CA CCA-fAcleu ) Subsrm{e bmdm
to the donor site
The procedure of Celma et al. {16] was used.

2.5. Assay of ihe CACCA-{Phe) substrate binding 10
the accepior site
“The procedure of Pesth [E1] was uzed.

18

e -e Bamicetin (L)

a-a Blasticidin Si2}

o-o Amicetin 13} o-o Plicacetin {5}
Fig_ 1. The effect of blasticidin S, amicetin, bamicetin and
plicacetin (2—5) on the transfer of lysine peptides from
(Lys)n-tRNA (A) and of the AcPhe-residue from tRNA (B)
te puromycin. The reaction mixture contained AcPhetRNA
(26 pg, 2100 cpm) or {Lys), tRNA (10 ug, 2800 cpm). In
control experiments 65% of the AcPhe-residee from added
ACPhe-tRNA and 48% of lysine peptides from added (Lys)y-
tRNA were transferred to puromycin. Log M, concentration
of $-aminchexose pyrimidice nucleosides. %, AcPhe-puro-
mycin or (Lys}n-pummycm formed as pcrcentage of control -
without inhibitor.
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“a-a Gaugeratin | 1
' ._'A - &’ Biastitidin {2)
o—o Amicetin 13

©-e Bamicetin 1L}

" o-a Plicacetin 5

-5 -5 -¢ 1
. iogM

Fig. 2_ Effect of the antibiotics 1 ~5 on the fragment feaction
of AcLeu-pentanuclectide with puromycin. Reaction mixtures
contained ribosomes (100 ug protein) and Ac[**C]Leu-penta-
nucleotide (1160 cpm); other components of the reaction
mixture, and procedure were described elsewhere [9]. Log M,
-oncentration of antibiotics (calculated on the basis of finai
volume after addition of methanol). 5%, Ackeu-puromyein

" formation as % control without inhibitors (about 900 cpm

transferred).
2. Resulis

3.1. The effect of nucleoside antibiotics 15 on the
puromiyvein reaction with AcPhe-tRNA or (Lys), -
IRNA as donor substrates

The effect of thes> antibiotics on peptidyl transfer
from intact peptidyl-'RNA was tasiad with two donor
substrates, (Lys) -tRNA (fig. 1A) and AcPhe-tRNA

" {fig. 1B). Puromycin reaction with these donors occurs

oaly in the presence of 70 S ribosomes ard of the-
appropriate messenger RNA. All antibiotics tested in-

- hibited the transfer of the acylaminoacy! residue to

puromycin. Blasticidin S was the most effective, plice-
cetin was almost ineffective. The inhibitory effect
decreased in the sequence blasticidin S, gougerotin,
amicetin = bamicetin (15, respectively) and was -
found ic depend on the nature of the donor substrate.
With AcPhe-tRNA as the donor, complete inhibition

of the Ac}‘he-transfer to puromycin was observed at

10-3 M conc. of amicetin or bamlcetm plicacetin:

- showing only about 1% of their activity (fig. 18). With

(Lys),-tRNA as donor, the antibiotics were less active
(ﬁg* 1A), such that complete inhibition of the puro-
mycin reaction was not reached at 103 M concentra-
tions. Plicacetin .again showed only about 1% Of the
activity of amicetin o1 bamicetin.



,'vaiitmei’BO.'numher 2

Tablc I3

4 The effect of antibiotics on the CACCA-[3H1Phe and CACCA~ ‘

(2 xc{ 2c ]Leu) bmdmg to nbosomes

CACCA-

_ B . cACCA- Cea-
Conc. .. {H]Phe . g‘;{) <r
oy <

(cpm) (%) ’ cpm) (78
Comtrol - 702 100 530 - 16C
Amicetin 10-4 405 58 578 109
B Lt 321 46 620 117
Bamicetin- - 10 492 70 680 128
. 3 303 43 690 130
Plicacetin 10 747 106 58 110
103 409 87 604 114
Basticidin S~ 10~% . 588 84 - 1216 = 229
' 103 486 69 . 1300 245
Guugerotin 1073 611 87 751 142
13 386 55 870 164

Assay of CACCA-Phe binding was determined according to
Pestka [5]. Reaction mixtures containing CACCA-[*H|Phe -
(3520 cpm), 70 S ribosomes (6 A, ., Units) and 20% (v/v)
ethanol were incubated at 24° for 20 min. Assay of CACCA-
(Ac] **C}Leu) binding was detesmined according to Celma et
al. {4]. The incubation mixtures containing CACCA-Ac[!*C}|-
Leu (3380 cpm) and 70 S ribosomes (9. A, 5o units) were in--
cubated at 0° for 40 min. '

3. 2. 'ﬁie ejfect of nucleoside antibiotics I-5 on the
.. fragmernr reaction thk CA4 CCA (AcLeu) as donor
-~ substrate
The nucleoside antibiotics mhxbned the formanon
‘of a new peptide bond also in the simplest system

testc_d in the fragment reaction (fig. 2). The mhlb:tion‘

decreased in the same sequence as in the case of the
puromycin reaction. Blasticidin S was much more
effective than the other antibiotics, whereas in the -

precedmg systents containing 70 S ribosomes, messenger

RL\A and intact acylaminoacyl-tRNA, thgs dxfference
‘as less prenounced ‘ :

3;3., Z‘he effect of 4-aminchexose pyrimidine nuclec-
° sides on the binding of substrates to the donor
-and acceptor site of peptidyl transferase
All nucleoside antibiotics (1—5) that inhibited

pepudy transferase actwuy are capable of inteivening -

with the binding of substrates to peptidyl transferase -
(table l) B!astlcxdm $ and gougerotin mcreased
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markedly the bmdmg of the donor substrate to the -

~donor site and decreased the binding of acceptor sub-

strate to the acceptor site. Amicetin and bamicetin, at -

- comparable concentrations, however, exhibited only a

very poor inciease in the substrate binding tc the donor
site, but markedly decrezsed the binding of substrate -

io the acceptor site. Plicacetin had only a dight effect
on ¢ither site. Yet despite of their interference the
binding of the acceptor substrate to the acceptor site

_of peptidyl transferase, none of these antibiotics

(1—5) acted as an acceptor substrate or had any
puromycin-like action.

- 4. Discussion

As might be expected from the close resem:blance
of their structures which differ only in an N-methyl
group in the disaccharide portion (cf. formulaz 3 and

4}, amicetin and bamicatin show practically icentical

inhibitory patterns as to their interference with trans-
peptidation:. They inhibit strongly subsirate binding
to the acceptor site and cause oanly a slight increase of

- donor substrate binding, thus it seems not inappro-

priate to bestow the wealth of information available
for amicetin [1] to bamicetin as well. Plicacetin (5),
however, lacking the e-methyliseryl portion of the
amicetin molecule, is nearly inactive as an inhibitor of
peptidyl transferase, despite its reported [5] anti-
bacterial activity. This strongly indicates that an amino-
acyl moiety with its steric and/or functional proup.
factors is one of the structurai features essential for -
interference with the transpeptidation irrespective of
the inability of these antibiotics to accept peptidyl’
residues onto their aminoacy! part.

_ As compared with amicetin and bamicetin, rhe
effect of gougerotin (1) and blasticidin S {2) on pep--
tidyl transferase is very similar. Both (I and 2) strongly
inhibit the binding of the acceptor substrate to nep-

tidyl transferase, conceivable by competing with the

acceptor substrate for the correspending binding site..

" When rationalizing this behaviour in termy of struc-

ture—activity relationships, particulariy since the uracil
analogue of blasticidin S is practically inactive 2], it

‘lies at hand to ascribe an important role in inhibition
" to the cytosine moiety of I and 2 (and probably as
 well of 2 and 4, although they are differently sub-

stituted). This suggestion is consistent with recent
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t“ ndmgs on the effect of 2 (3')-0«ammoacyl cyudmes

and certain aminoacyl-CpA-derivatives on peptidyl -
transferase, that strongly point towards a specific
‘binding region not only for the Iast nucleobase
(adenme) but also for the penultimate one (cytosine). -
it is possible, therefore, that the antibiotics §—4 can
‘participate with their cytosine nucleobase in interac-
tions which usually involve the binding of the penulti-
mate cytosine residue of the 3 “oligonucleotidylic end
(CpCpA-terminus) of an aminoacyl-tRNA. Consequent-
ly, if the aminoacyl portion of these antibiotics is one .
of the essential strectural features for inhibition of
transpeptidation, cf. above, the presence of a cytosine
nuclecbase appears to be another. ,
In addition to their action on the aw.ceptor snte,
blasticidin S and gougerotin also interfere with the
donor site by markedly increasing tke binding of the
donor substrate {o ribosormes, whilst amicetin and
bamicetin are mostly devoid of this property. At
present we are unable to explain these observations.
“Yet, it is tempting to speculate that the stimulation of
donor substrate binding by 1 and 2 couid be caused
by formation of a stable inactive compiex ribosome—
antibiotic—donor substrate — similar to the complexes
formed wiih sparsomycin [13] — whereas ihe ami- -
c:tiﬁ type antibiotics are incapable of doing so. Another
possibility is that the antibiotics with a “free” ~ytosine
nucleobase (1 and 2, respectively, as compared to 3.
and 4, where the cytosine amino group is acylated)
“could be capable of opening binding sites that are
inzccessible to the approach of thc donor substrate
under namm! conditions.
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