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i. Introduction

A mandal reactinn fa
A mogel reaclion io

the fragment assay [1]. ThlS assay uses the 50 S sub-
unit, an analogue of the 3'-end fragment of a pep-
tidyl—-tRNA (C—A—C—C~A—N—acetyl—leucin) and
a related analogue of an aminoacyl-tRNA (puro-
mycin). All 508 structural elements directly involved
in bmdmg of these fragments and in the peptidyl-
transferase dbLlVlLy itself chuug uy' definition to the
peptidyltransferase centre.

Reconstitution experiments have shown that pro-
tein L11 is involved in peptidyltransferase activity
[2]. Chioramphenicol interferes with the binding of
the aminoacyl terminus of the aminoacyl-tRNA
[3,4], i.e., the attachment of the last (3'-end) two or
three nucleotides [5]. The drug binds to protein L16
on the 530S subunit as shown by reconstitution [5]
and affinity labelling experiments with iodoamphenic-
ol [6]. Thus, L16 is located at the A site moiety of
the peptidyltransferase center.

The P site region of the transferase centre has
been analysed by affinity labelling using N-substitut-
ed phenylalanyl-tRNA [7,8] and methionyl—
tRNAMet analogues [9] . These experiments indicated

that nroteins 1.2 and 127 are located at or near this

that pr L2 and 127 are located at or near this
region.

The role of L11 is not yet clear. Either, (a), this
protein is the peptidyltransferase itself or, (b), it is
necessary to maintain the active conformation of the
enzy matic structure. If hypothesis (a) is valid proteins
L11 and L16 must be neighbours. Here we describe

axneriments which test the neichbhanrhood hvnothe-
expenmenis wiicn 1est iie neignoournecod nypoine

sis. We show that in addition to L16, protein L11 is
part of the single chloramphenicol binding site on the
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50 S subunit. Furthermore, L6 is identified as a pro-
tein at or near the A site moiety of the peptidyl-

2. Materials and methods

2.1. Materials
Preparation of cores and isolation of C—A—C—C—

AAAAAAAAAAAAAAAAAAAAA

A_LCU were dcauuucu CleWllClC lé_l [1Ulclllb LU,
L11 and L16 were isolated by DEAE column chroma-
tography and Sephadex G-100 gel filtration as des-
cribed [2], and in addition a second G-100 gel fil-
tration step was included for purification of L11 and
L16.

2.2. Methods

Reconstitution experiments were performed as
described [2]. The peptidyltransferase activity of each
reconstituted particle was tested by a kinetic frag-
ment assay. For the kinetic measurements 12.5 4,44
units of 50 S subunits or particles were incubated at
0°C in a final volume of 810 ul containing 30 mM
Tris—HCI, pH 7.8, 250 mM KCi, 115 mM NH, Ci,
20 mM Mg acetate, 1.3 mM puromycindihydrochloride

in 33% ethanol. Each assav contained the fragment

in 33% ethanol. Each assay contained the fragment
C—A-C—C—A—(Ac [*H] Leu) (about 130 000 cpm).
At the times indicated in fig. 2, 150 ul was removed
and mixed with 100 ul of 0.3 M Na acetate (pH 5.5)
saturated with MgSQ, . After addition of ethylacetate
(1.5 mi) the mixture was agitated for 30 sec and
centrifuged briefly at low speed. 1 ml of the upper

laver was mixed with 0.5 ml of Soluene and 4 ml of

ay O Was LUACG Willl V.2 114 O oUiuel T Il U

scintillation fluid and counted.
After the reconstitution the protein patterns of
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Fig. 1. Two-dimensional electrophoresis pattern of the proteins in the 1.0c core and the reconstituted particle (1.0c + L11).

the particles were analyzed in the two-dimensional gel 20 mM NH, Cl, 200 mM Kl and, where indicated,

electrophoresis. The proteins found on the particle 0.15 mM chloramphenicol. After incubation for 15
and not on the 1.0 ¢ core are listed in table 1. min at 0°C the particles of RNA were pelleted. 60

For C—A—C—C—A—[*H]Leu binding, 8 4,60 ul of the supernatant was mixed with 0.5 ml soluene
units of 50 S subunits, core particles or 23 S RNA and 4 ml scintillation liquid and counted. The differ-
were incubated with the fragment C—A—-C—C—A--Leu ence in counts (compared to a control sample con-
(30 000 cpm) in a volume of 100 ul containing 50% taining no particle or RNA) is a measure of the amount

ethanol, 30 mM Tris—HCl, pH 7.4; 25 mM Mg acetate, of the tRNA fragment bound.

3. Results and discussion
.
8 The proteins L6, L7, L10, L11, L12, L16, L27,
128, 131 and L33 were split off the 50 S subunit
T g {10 + L6 +LH+116) by incubation with 1M LiCl. The remaining core
=4 (1.0c) was not active in either the fragment assay or
& chloramphenicol binding. Proteins L6, L11 and L16
g 4 were purified by DEAE-cellulose column chromato-
-0~ graphy followed by one (L6) or two (L11, L16) gel
2 - T s . filtration steps as described [2]. Reconstitution ex-
-0 ‘;__{A:] (10c- L) periments were performed with the 1.0c core and the
= e .__J10c or three proteins in all possible combinations (see table
10 % ] = {badground 1). The reconstituted particles were tested for pep-
time (min) tidyltransferase activity, chloramphenicol binding
Fig. 2. Kinetics of the fragment assay of the 1.0c core and arjfi b_mding—ofihe ammo.acyl.—tRNA fragme.nt
the reconstituted particles (1.0¢ + L11) and (1.0c + L6 + C—A—C—C—A—Leu, which binds to the A site part
L11 + L16). (—) without chloramphenicol, (———-) of the peptidyltransferase centre [11].
with chloramphenicol (final concentration: 0.04 mM). Peptidyltransferase activity is only seen when L11
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Table 1

1.0 ¢ cores Fragment assay CAM-binding C—A-C—C—A[*H]Leu-

reconstituted with equilibrium dial.  binding

L6 111 L16 (cpm) (% CAM- (pM/nM particle) (cpm) (% CAM-
inhibi- inhibition)
tion)

- - - 0 4 6222 0

+ - - 7 3 5864 10

+ - 756 43 40 59717 7

- - + 12 78 6083 6

+ + — 749 47 43 6142 21

+ - + 53 101 5923 15

- + + 1892 51 98 6185 10

+ + + 2934 66 150 5931 27

1.0 ¢ + all split

proteins 2621 62 156 6016 26

508 3133 74 300 6920 52

23 SRNA 13 5190 4

Peptidyltransferase activity of the reconstituted particles and their chloramphenicol
(CAM)- and C—A—C—C—A—[>H]Leu-binding. Where indicated we added chloram-
phenicol to the fragment assay (final concentration: 0.04 mM). The 12 min values

of the fragment assay kinetics are listed under ‘fragment assay’ (first column).

is present (see the first column of table 1). The pro-
tein pauerns of the 1.0c core and the reconstitut-

ed particle (1.0c + L11) is demonstrated in figure 1,
and their peptidyltransferase activity in fig. 2. The
L11 dependent activity is stimulated by L16, whereas
L6 shows a stimulating effect only when protein L16
is present in addition to L11 (see table 1).

The simplest interpretation is that 11 and L16
are neighbours and that L6 is functionally linked to
L16. If we assume that 116 alone is responsible for
chloramphenicol binding, then the particle containing
L11 but neither L6 nor L16 should not bind chloram-
phenicol and, therefore, be resistant to chlorampheni-
col in the fragment assay. Surprisingly, the peptidyl-
transferase activity of this particle could be inhibited
to a remarkabie extent by chioramphenicoi {first
column). Therefore, another protein in addition to

1,16 must be involved in chloramphenicol binding

301 0 ISt U AAVORVOG AL LAl ailipnataniuiol DLulilip.

The binding of the drug was tested directly by equili-
brium dialysis and the results are summarized in the
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second column of the table. As expected, the greatest
binding was detected in the presence of L16, indicat-
ing the dominant role of L16 for this ribosomal func-
tion. However, the particle reconstituted with L11
alone also shows significant binding. As different
groups have reported only one binding site for chlo-
ramphenicol per 50 S subunit [12,13,5], our findings
strongly indicate that proteins 1.11 and L16 are
neighbours.

In a last series of experiments the binding of the
fraoment C—A—-C—C—A—T1eu was tested (third

fragment C—A— vas tested (third
column). Unfortunately, 23 S RNA binds large
amounts of this fragment under the conditions used.
This binding is clearly unspecific as we find similar
binding to 16 S RNA and a mixture of tRNAs (data
not shown). We therefore need a tool to reveal the
portion of C—A—C—C—A—Leu fragment which is

enacifically haund to the narticlas This taool is
SPpeCiiiCany OUUNG LU UIC Palulils, 1515 U0 s

chloramphenicol: As pointed out above, the drug
interferes with the binding of the tRNA 3'-terminal
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fragment. Accordingly, the chloramphenicol induced
inhibition of this fragment binding gives 2 measure
of the specific as opposed to non-specific reaction.
The particles reconstitued with one of the three
proteins show insignificant or low inhibition. How-
ever, when L6 is present in addition to L11 and/or

T 14 ochlaramnhanicnl inhihite tha fraoment hinding
110 CudrampineniCol iniols ial iragmieiit SinGing

significantly. Thus, L6 is important for the inhibitory
effect of chloramphenicol, although it is not involv-
ed directly in chloramphenicol binding.

In summary, L11 is involved in the peptidyltrans-
ferase activity and is a neighbour of L16. The
chloramphenicol binding site consists of both L11
and {more pronouncedly) of L16. L6 is important
for the inhibitory effect of chloramphenicol. It in-
fluences directly the L16 dependent function
(chloramphenicol binding) and via L16 the L11

dependent function (peptidyltransferase activity).

Acknowiedgements

We thank Dr Wittmann and Brimacombe for

Gl

helpful discussions and advice. This paper is No. 96 on
‘Ribosomal Proteins’, preceding paper in this series

is by K. Isono, submitted to Molecular and General
Genetics.

FEBS LETTERS

October 1974
References

1] Monro, R. E., Cerna, J. and Marcker, K. A. (1968} Proc.
Natl. Acad. Sci. U.S. 61, 1042,

121 Nierhaus ¥, H, and Monteio, V. {1973) Proc. Natl
BAP RS .

&3 SICTHRAUS, N 1. MCNWH, ¥ 7 OC. Al

Acad. Sci. U.S. 70, 1931,

[3] Pestka, S (1970) Arch. Biochem. Biophys. 136, 80.

{4} Ceima, M. L., Monro, R. E. and Vazquez, D. (1971)
FEBS Letters 13, 247.

{51 Nierhaus, D. and Nierhaus, K. H. (1973) Proc. Natl,
Acad. Sci. U.S. 70, 2224.

[6] Pongs, O., Bald, R. and Erdmann, V. A. (1973) Proc.
Natl. Acad, Sci. U.S. 70, 2229.

[7] Oen, H., Pellegrini, M., Eilat, P. and Cantor, C. R. (1973)

Proc. Natl. Acad. Sci. U.S. 70, 2799.
[8} Czernilofsky, A, P, Collatz E. E. Stiffler G, and

LACINLOISRY y &0 Koy LOuALL, D Ly STOLLOT F. dil

Kuechler, E. (1974) Proc. Natl. Acad. Sci. U.S. 71, 230.
[9] Hauptmann, R., Czernilofsky, A. P., Voorma, H. O,

Siofifler, G. and Kuechier, E (19/4) Biochem. Biophys.
Res. Commun. 56, 331.

{10] Kaltschmidt, E. and Wittmann, H. G. (1970) Anal. Bio-
chem. 36, 401.

[11] Celma, M. L., Monro, R. E. and Vazquez, D. (1971)
FEBS Letters 13, 247.

{12] Wolfe, D. and Hahn, F. E. (1965) Biochim. Biophys.

Acta 95, 146.
{13} Femandez-Mufioz, R, Monro, R, E and Vazguez D

ZQUCZ, 22

(1971) in: Methods in Enzymology, Vol. XX, part.C, 481,
Academic Press, New York and London.

139



