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          The macrolide [3H]dihydrorosaramicin binds specifically to 50S and 70S bacterial riboso-

       mal particles. We have studied the influence of salts, pH and additives on the interaction and 

      found that the optimum requirement for salts was 10 mm tris-HCl (pH 7.6), 6 mat MgCl2, 60 mm 

       NH4Cl, and that ƒÀ-mercaptoethanol which reacts on rosaramicin and its dihydro derivative 

       cannot be used. The parameters of the binding were not dependent on the technique used, 

       i.e. equilibrium dialysis, ethanol precipitation or two-phase partitioning. In our search for 

      effectors of this binding, we have found that it is inhibited by other macrolides, little effected by 

       tobramycin and chloramphenicol and enhanced by puromycin. 

   Rosaramicin is a member of the 16-membered macrolide family of antibiotics and displays fair 

antibacterial properties. We have shown in a previous papery that its derivative [3H]-20,20-dihydro-

rosaramicin binds reversibly and exclusively to the 70S or 50S (KD=0.2 x 10-6 M and KD=0.16 x 10-6 M, 

respectively) but not to the 30S ribosomal particle. This derivative is fully competitive with rosaramicin 

so it can be used to evaluate the binding of the parent compound. As only the standard buffer and te-

chnique (equilibrium dialysis) were used in this previous investigation, it is essential here to determine 

exact conditions for optimal binding. It is also of interest to see whether other antibiotics, well known 

for their affinity to the bacterial ribosome, will be able to modify the binding of [3H]dihydrorosaramicin. 

Various antibiotics are assayed: other macrolides, tobramycin, chloramphenicol, puromycin, tetracycline. 

                             Materials and Methods 

   Chemicals 

    Rosaramicin was a gift from Unilabo (France). [3H]-20,20-Dihydrorosaramicin was synthesized 

in the laboratory1). Puromycin and tetracycline were provided by Serva. Chloramphenicol came from 

Sigma, erythromycin from Roussel-Uclaf, midecamycin (espinomycin Al, 3-O-propionyl analogue of 

leucomycin A6) from Clin-Midy, tobramycin from Eli Lilly, pristinamycins IA and IIA from Rhone-

Poulenc, spiramycin I from Specia, ivermectin was a gift from Merck Sharp & Dohme, and pimaricin 

from Gist-Brocades; polyethyleneglycol (PEG) 6000 and dextran T500 were provided by BDH and 

Pharmacia respectively. 

   Buffers used included: (A) 20 mM tris-HCl (pH 7.6), 10 mM MgCl2, 100 mM NH4Cl; (13) 20 mM 

tris-HCl (pH 7.6), 6 mM MgCl2, 60 mM NH4Cl; (C) 10 mm potassium phosphate (pH 7.6), 10 mM MgCl2, 

100 mM KCl. 

    Action of ƒÀ-Mercaptoethanol on Rosaramicin 

    900 ,ul of 6 mM ƒÀ-mercaptoethanol were added to 100 ul of aqueous 10-3 M rosaramicin or dihydro-
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rosaramicin. The decrease in UV absorption was followed at 240 nm and ended after 1 hour of reac-

tion at room temperature. 

   For preparative purpose, 11.6 mg, 2 x 10-5 mole of rosaramicin were dissolved into 400 p1 of dime-

thylformamide, after which 75 ml of 6 mm aqueous ƒÀ-mercaptoethanol were added. By the end of 4 

hours at room temperature, and after checking for the completion of the reaction by thin-layer chromato-

graphy (aluminoxid 60F 254 neutral, Merck, with ethyl acetate - methanol, 18: 1 as an eluent), solvents 

were evaporated under reduced pressure or by lyophilization. A preparative TLC was done under the 

same conditions as the analytical one was. The yield of ll-(2-hydroxyethylthio)-10,11-dihydrorosara-

micin was 8 mg (two spots on TLC). 

   IR (CHCl3) 1725 cm-1. NMR (90 MHz, C2HCl3) ppm: 1.36 and 143 (2 isomers), 2.20 (N<), 

HO-CH2-CH2-S, tat 2.88 and 3.91. No ethylenic protons at 6.3, 9.77 (-C-CHO). 

   Preparation of the Ribosomes 

   Escherichia coil MRE600 tight ribosomes were prepared by zonal centrifugation as described1). 

   Determination of the Binding Parameters by Equilibrium Dialysis 

   Equilibrium dialysis was carried out as previously described1) using the isotopic dilution method. 

   Determination of the Binding Parameters by Ethanol Precipitation 

   The conditions were previously described2): 150 pl volumes of standard buffer B containing a final 

concentration of 33 % (v/v) ethanol were incubated with 70S ribosomes and the radioactive antibiotic for 

45 minutes at 0°C. Ribosomes were precipitated under these conditions and pelleted by centrifugation 

for 10 minutes at 3000 xg; 100 ul of the supernatant were withdrawn and counted in a Kontron scintil-

lation counter, using Ready Solv TMMP (Beckman) as a scintillation fluid. 

   Determination of the Binding Parameters by Aqueous Two-phase Partitioning 

   The conditions were as described elsewhere3) with some modifications: a dextran/PEG (7%/5%, 

w/w) biphasic system was used; 500 ul of PEG phase in buffer B were added to 500 µl of dextran phase in 

buffer B containing 70S ribosomes and the radioactive antibiotic. Samples were gently rocked at 20°C 

for 40 minutes and then centrifuged for 5 minutes at 3000 x g. 100/11 of each phase were pipetted off, 

diluted three times with water to avoid precipitation problems, added to 5 ml of Ready Solv TMHP 

Beckman scintillation liquid and counted. 

   Synergism Experiments 

   Mueller-Hinton agar was used for the search for synergism by the agar diffusion method. An 

overnight culture of either E. coil MRE 600 or Staphylococcus aureus 209P was diluted to a final con-

centration of about 108 cells per ml for inoculating plates. Antibiotic discs were placed onto the surface 

of the agar with one of each antibiotic situated on either branch of an L. The plates were incubated 

overnight at 37°C. In the case of E. coli, the disc content was 1.5 pg for rosaramicin and 1.5 or 15 ug 

for puromycin and in the case of S. aureus 0.15 ug or 1.5 ug for rosaramicin and 15 ug for puromycin. 

                                   Results 

                   Requirements for [BH]Dihydrorosaramicin Binding 

   The first binding experiments were conducted in buffer A. To check whether these conditions were 

actually the best ones for 70S and 50S ribosomes, we studied the influence of various factors on the bind-

ing parameters. The method used was equilibrium dialysis. 

   a) Influence of Mg++ 

   The results are shown in Fig. 1. When Mg++ varies from 1 to 30 mM, there is a 25 % variation in 

the binding of the antibiotic. The optimum value is around 6 mM for both 50S and 70S ribosomes. At 

this Mg++ concentration and above, the binding is always 10 % better for 70S than for 50S. Below 6 mM 

this difference decreases, and at 1 mM Mg++ it disappears.
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   b) Influence of Ionic Strength 

   Fig. 2 shows the great influence of NH4+ concentration on the binding of [3H]dihydrorosaramicin 

to 70S and 50S ribosomes, and of K+ on its binding to 70S ribosome. The optimum range for both 70S 

and 50S ribosomes is from 30 to 100 mM for NH4+ and from 100 to 300 mm for K+. The maximum 

binding value is 20% higher for NH4+ than for K+. 

   c) Influence of pH and Buffer 

   The experiments were conducted in tris - maleate buffer at pH levels between 6.4 and 8.3, the pH 

range where the ribosomes are stable4). The results (not shown) indicate that the amount of [3H]dihydro-

rosaramicin bound to the 50S and 70S ribosomes remains essentially constant. Experiments conducted 

in phosphate buffer C at pH 7.6 give the same results as previously those described in tris - HCl buffer 

(pH 7.6)1)

d) Influence of ƒÀ-Mercaptoethanol 

   Fig. 3 shows that the SCATCHARD plots obtained from isotopic dilution method results without1) 

and with ƒÀ-mercaptoethanol (6 mM) are very different: we no longer observe the first part of the curve 

givingKD=0.2 x 10-6M, n=1, but we do the second part. This corresponds to low affinity binding sites 

and gives the average value K,=0.2 x 10-4 M, n=25. This result prompted us to examine the possible 

reaction of ƒÀ-mercaptoethanol on dihydrorosaramicin and rosaramicin. The kinetics of this reaction 

(not shown) was followed by ultraviolet measurement at 240 nm; this wavelength corresponds to the

Fig. 1. Effect of MgCl2 on [3H]dihydrorosaramicin 

 binding to E. coli 70S ribosome (O) and 50S subunit  

(•›). 

   Equilibrium dialysis experiments were carried 

 out in buffer A with varied MgCl2 concentrations 

 and using the following final concentrations: 65 nM 

 [3H]dihydrorosaramicin and 240 nM ribosome.

Fig. 2. Effect of monovalent cations on [3H]dihydro-

 rosaramicin binding to E. coli ribosomes. 

   The assay mixtures were the same as those 

 described in Fig. 1 except that the buffer A was 

 used with varied NH4Cl or KCI concentrations: 

 (x) NH4Cl, 70S ribosome; (•›) NH4Cl, 50S subunit;  

(•¢) KCl, 70S ribosome.
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absorption of the chromophore -C-C-C=C-C=O 

O which completely disappears after 1 hour of reac-

tion. Dithiothreitol (2 mM) has the same effect.

   The UV, IR and NMR spectra of the modified product indicate that it results from a MICHAEL type 

addition of the thiol to the ƒ¿,ƒÀ-unsaturated ketone. In our case, the TLC and NMR spectra (two 

signals for the methyl adjacent to the epoxide) suggest the presence of two isomers. 

   e) Influence of Temperature 

   The preceding results led us to use buffer B in further experiments. In this optimal buffer, the 

binding parameters found at 20°C were KD=0.15 x 10-6 M and n=0.9 for 70S ribosome (results not 

shown). The binding was also carried out at 4°C where the parameters were KD=0.56 x 10-6 M, n=1.1, 

even after 15 minutes of preincubation of the ribosomes at 37°C (results not shown). Because of pro-

blems of reproducibility at this temperature, equilibrium dialysis was performed at 20°C.

    Ethanol Precipitation and Two-phase 

             Partitioning 

   Table I shows that the binding parameters 

did not depend on the technique used: equilibri-

um dialysis, ethanol precipitation and two-phase 

partitioning. As expected from a previous 

paper3), two-phase partitioning always gave the 

best results. It is also noteworthy that it only

Fig. 3. Effect of,ƒÀ-mcrcaptoethanol (6 mM) on [3H]-

 dihydrorosaramicin binding to E. coli 70S ribosome. 

   SCATCHARD plot was obtained from equilibrium 

 dialysis results carried out in buffer A with 6 mM 

 ƒÀ-rnercaptoethanol using the following concentra-

 tions: 240 nM 70S ribosome, 65 nM [3H]dihydroro-

 saramicin and increasing concentrations of dihydro-

  rosaramicin. (------) reference SCATCHARD plot ob-

 tained using buffer A.1)

Fig. 4. SCATCHARD plot of two-phase partitioning 
 data. 

   The experiments were carried out in buffer B 
 using the following final concentrations: 192 nM 
 70S ribosome, 50 nM [3H]dihydrorosaramicin and 
 increasing concentrations of dihydrorosaramicin. 

  (------) reference SCATCHARD plot obtained using 
 equilibrium dialysis in buffer B.

Table 1. Influence of the technique used on the para-

 meters of ['H]dihydrorosaramicin binding to E. coli 

 70S ribosome.

 Techniques used 
    in buffer B 

Equilibrium dialysis 

Ethanol precipitation 

Two-phase partitioning)

     KD 

20°C: 1 .5 x 10-M i 

4'C: 5.6 •~ 10-7 M 

4°C:5.2x10-7 M 

20°C: 0.94 x 10-7 M

n 

0.9 

1.1 

10.83
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leads to the first part of our usual SCATCHARD curve (Fig. 5). In our calculations, we naturally took 

into account the partition coefficient of [3H]dihydrorosaramicin between the two phases: 

                             concentration in PEG                           Kp= 
r concentration in dextran 

        Ability of Other Antibiotics to Inhibit the Binding of [3H]dihydrorosaramicin 

                               to 70S Ribosomes 

   In order to obtain more information about the binding site of rosaramicin, competition experiments 

were performed using an equilibrium dialysis and isotopic dilution method with [3H]dihydrorosaramicin 

as a marker. According to previous data2), bound [3H]dihydrorosaramicin concentration would not 

exceed 0.1 KD. The competitors may be classified into two groups: 

       Molecules of the macrolide family which are C16-membered: 11-(2-hydroxyethylthio)-10,11-

       Fig. 5. Inhibition of [3H]dihydrorosaramicin binding by different antibiotics. 

   The log plot for dihydrorosaramicin competition was obtained from the direct competition 

experiments carried out by equilibrium dialysis in buffer B and using the following concentrations: 

240 nM 70S ribosomes, 65 nM [3H]dihydrorosaramicin and increasing concentrations of inhibitors, 

spiramycin I (• ), midecamycin (*), erythromycin (•œ•), pristinamycin IIA (•£, pristinamycin IA (•¥), 

pristinamycins IIA and IA in 10/1 ratio respectively (•›), chloramphenicol (•¢), tobramycin (•¡), 

11-(2-hydroxyethylthio)-10,11-dihydrorosaramicin (G). Dotted lines report our previous com-

petition results1) obtained with rosaramicin (F) and dihydrorosaramicin (c).

Fig. 6. Effect of puromycin and pimaricin on [3H]dihydrorosaramicin binding to E. coli 70S ribosome. 

      Equilibrium dialysis experiments were carried out in buffer B using the following concentrations: 

   240 nM ribosomes, 65 nM [3H]dihydrorosaramicin and increasing concentrations of antibiotic: puromycin    

(•œ), pimaricin (•›), dihydrorosaramicin (---).
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   dihydrorosaramicin, midecamycin, spiramycin I, or C14-membered (erythromycin), or various re-

   lated products (ivermectin, pimaricin) 

       Other molecules which are well known for their binding on the bacterial ribosome (chloram-

   phenicol, tobramycin, pristinamycins IA and IIA, tetracycline, puromycin). 
   Fig. 5 is the log plot of the inhibition experiments obtained from the direct competition curves (not 

shown); the KD of different antibiotics, and their I50 towards [3H]dihydrorosaramicin and [14C]erythro-

mycin binding (from the literature) can be seen in Table 2. 

   The effect of puromycin and pimaricin on dihydrorosaramicin binding is given in Fig. 6 which shows 

an enhancement of 100% and 50% respectively. Tetracycline and ivermectin, at concentrations ranging 

from 10-8 M up to 10-4 M and 10-9 M up to 6 x 10-4 M respectively do not influence the binding.

Table 2. Dissociation constants (KD) and 50% inhibition concentrations (I50) towards [3H]dihydrorosara-
   micin and [14C]erythromycin of several inhibitors of protein synthesis. 
       The values are either from the literature or determined by us using isotopic dilution method. I50 

   is the concentration of inhibitor necessary to remove 50% of the labeled antibiotic from its selective 
   binding site determined from Fig. 5.

     Antibiotic 

Rosaramicin 

20,20-Dihydrorosaramicin 

Thiorosaramicin 

Leucomycin A6 

Spiramycin I 

Erythromycin 

Pristinamycin IA 

Pristinamycin IIA 

Pristinamycins: 

   natural 10/1 

   mixture IIA/IA 

Chloramphenicol 

Tobramycin 

Puromycin 

Tetracycline

KD(X 10-7 M) 

     0.8 

2 

 200 

   0.46 (13) 

   0.13 (13) 

   0.1 (25) 

   0.2 (13) 

   0.5 (17) 
   7.1 (15) 

  4 (16) 

   0.3 (17) 

  31 (28) 

   0.06 (17) 

   0.66 (16) 

   1.04( 3) 

   1.02(24) 

   4.8 (26) 

   0.4 ( 3) 

  2 (27) 

4800 

0.2 and 4.3 (3)

I50(X 10-7 M)

[3H]Dihydrorosaramicin 

         0.76 

         5.96 

     500 

         1.33 

         0.71 

         1.50 

         2.78 

         1.78 

         1.78 

       89.1 

    750 

   no inhibition 

   no inhibition

[14C]Erythromycin 

    19(12) 

      3.5 (13) 

     11 (13) 

    19(13) 

    200(15) 

  10,000
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   In Vivo Synergism Experiments Between 

        Rosaramicin and Puromycin 

   As shown in Fig. 7, no synergism was observ-

ed either for E. coli MRE 600 or for S. aureus be-

tween rosaramicin and puromycin. 

               Discussion 

   The influence of salts and pH on the bind-
ing of [3H]dihydrorosaramicin to Escherichia coli 

ribosomes indicates that the optimal conditions 

are actually the same for both 50S and 70S partic-
les. Nevertheless, these studies have shown that 

the amount of [3H]dihydrorosaramicin bound 
was always 10% greater for 70S than 50S parti-

cles. No more difference is observed at 1 mM 
Mg++, where 70S ribosome is dissociated into 

30S and 50S subunits. This result allows us to 
suggest that, while-it has no affinity for dihydro-

rosaramicin, the 30S particle somehow favors 
the binding by its presence in the 70S complex.

The binding of dihydrorosaramicin to ribosomes is strongly dependent upon the K+ or NH4+ concentra-

tion. Our results are in good agreement with those obtained in the case of erythromycin, the chief com-

pound of the macrolide series5,6,7). It is well known8) that it is better to store and use ribosomes in the 

presence of sulphydryl compounds. We have seen that they must be excluded from the buffers used, 

since they transform rosaramicin into the MICHAEL adduct: ll-(2-hydroxyethylthio)-10,11-dihydro-

rosaramicin. A similar reaction has been described in chalcomycin series9). The I50 from the competi-

tion assay using this product (Table 2) and the KD from equilibrium dialysis of [ H]dihydrorosaramicin 

performed in the presence of ƒÀ-mercaptoethanol (Fig. 3) are both in the range of 0.5 10-4 M. This 

fact proves the MICHAEL adduct to be a poor competitor and to be formed during the ƒÀ-mercaptoethanol 

supplemented dialysis. 

   The other techniques used in the binding studies confirm the results from equilibrium dialysis. 

Ethanol precipitation assays were carried out at +4°C and we should therefore compare it to equilibrium 

dialysis realized at the same temperature (Table 1). As shown in a previous paper3), a two-phase parti-

tioning system provides an environment where non-specific, weak affinity binding is not observed. This 

is particularly obvious here in the case of dihydrorosaramicin . Similarity of the Kas from both parti-

tioning and equilibrium dialysis experiments indicates that the interpretation of the SCATCHARD curves 

according to ROSENTHAL10) leads to exact values. 

   As two phase partitioning leads exclusively to the high affinity binding of dihydrorosaramicin, and 

ƒÀ-mercaptoethanol supplemented dialysis shows only multiple low affinity binding
, it is interesting to see 

that, taken together, both experiments lead to an artificial dissociation of our usual curve line (see on 

Figs. 3 and 4) into two parts. This result reinforces our prior hypothesis of one high affinity binding 

site11)

The ability of compounds to affect dihydrorosaramicin binding to ribosomes could provide an esti-

mate of their ability to interact with the rosararnicin binding site. In the macrolide series
, we have shown 

that, regardless of their structure, all the antibiotics are potent inhibitors of dihydrorosaramicin binding 

and, as shown in Table 2, their I;0 are closely similar to their KD values. Thus, there can be little doubt 

that, even if the modes of action of these drugs are not necessarily the same, the ribosomal binding sites 

are closely related. These results are in good agreement with prior data concerning erythromycin12,13,14). 

In the particular case of pristinamycins, claimed to have different modes of action15), they are both very 

good competitors of dihydrorosaramicin binding. Moreover, we observe that pristinamycin TEA com-

Fig. 7. Synergism experiments between rosaramicin 

 (horizontal) and puromycin (vertical). 
   (A) E. coli M RE600, rosaramicin 1.5 !pg, puromy-

 cin 1.5 ipg: (B) E. coli MRE600, rosaramicin 1.5 'g, 

 puromycin 15 jig; (C) S. aureus 209P, rosaramicin 
 0.15 jig, puromycin 15 jig.
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pound, having a lower KD value than pristinamycin IA (0.3 x 10-7 M and 0.5 x 10-7 M respectively, this 

laboratory, results not published) is also a better competitor (I50=10-7 M and 3 x 10-7 M). It has been 

clearly demonstrate16,17) that pristinamycins have a synergistic effect, since their KD is shifted to 10-9 M 

for a pristinamycins IIA/IA ratio of 10/1. We have thus examined the possible synergistic effect of 

these molecules upon dihydrorosaramicin binding. Competition experiments carried outwit h the same 

concentration ratio fail to exhibit any synergism (I50=10-7 M), suggesting that the way by which 

pristinamycins compete for dihydrorosaramicin binding would not involve their own modes of action. 

All macrolide antibiotics, regardless of their structure are potent inhibitors of dihydrorosaramicin bind-

ing and, in retrospect, we are surprised that such an insignificant modification as the MICHAEL addition 

of ƒÀ-mercaptoethanol transforms dihydrorosaramicin into so poor a competitor. One might be tempted 

to attribute an essential role in the binding properties to the ƒ¿,ƒÀ-unsaturated ketone system. But nu-

merous basic 16-membered macrolides lacking this chromophore have antibacterial or binding properties 

comparable to those of rosaramicin'0>. This shows that the structure-biological activity correlation in 

this series is quite complicated. We have tested in the macrolide series, because of structural simi-

larities, two non-antibiotic compounds. Ivermectin19), despite its macrocyclic 16-membered lactone 

structure, has no effect on dihydrorosaramicin binding. Pimaricin20), assayed because of its epoxide-

ethylenic ketone system enhances the binding by 50%,; this could not be necessarily attributed to a spe-

cific effect, since the structure of this C30 macrolide is only poorly related to the rosaramicin formula. 

   Potent inhibitors of dihydrorosaramicin binding are found exclusively among the macrolide anti-

biotics, which supposedly interfere with the peptidyltransferase site. However, chloramphenicol, which 

is also an inhibitor of the peptidyltransferase reaction, competes poorly against dihydrorosaramicin 

binding, indicating that this competition is not on the primary binding site of dihydrorosaramicin. 

Along the lines of these results, others21) have reported that chloramphenicol is not able to displace ery-

thromycin. On the other hand, the ability of erythromycin to displace chloramphenicol from its bind-

ing site has been largely discussed 22,23) so we will not deal here with the given interpretations. We have 

found (results not shown) that rosaramicin, even at concentrations as high as 10-1 M, is not able to 

displace bound chloramphenicol. This result reinforces the hypothesis that there is little or no interac-

tion between the two Sites24). 

   When we assayed another peptidyltransferase inhibitor, puromycin, we were surprised to discover 

that rather than inhibit, it actually stimulates dihydrorosaramicin binding by about 100%. This lack 

of inhibition proves that dihydrorosaramicin and puromycin have different binding sites; this result cor-

relates well with the above observations about chloramphenicol since puromycin and chloramphenicol 

are competitive inhibitors in respect with their binding on the ribosome29). We were unable to detect 

any in vivo synergism between rosaramicin and puromycin on Gram-positive and Gram-negative micro-

organisms. Nevertheless, the level of binding stimulation, observed in vitro on E. coli ribosome seems 

to be high enough to prompt us to develop further studies. 

   Tetracycline, known to bind to 50S subunit, does not influence the binding even at 10-4 M; the ami-

noglycoside tobramycin, whose effect upon ribosomes is quite different from the macrolides mode of 

action, is actually a very poor competitor. We can conclude that these two drugs have binding sites 

that are independent of the dihydrorosaramicin binding site. 

   This study should enhance our understanding of the binding of rosaramicin and the relationship 

between this molecule and other ribosome interacting antibiotics. 
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