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   Binding experiments were performed with both components of the pristinamycin com・

plex(pristinamycin IA(PIA)and pristinamycin IIA(PIIA))using ribosomes ffom sensitive and

resistant Staphylococcus aureus. Fluorescence polarization was used to measure PIA binding.

The results obtained show a direct correlation between inhibition, synergy and the enhance-

ment of the affinity of PIA fbr its receptor in the presence of PIIA. The uptake of PIA by

intact cells seems to be directly correlated wlth affinity between PIA and ribosomes, a pheno-

menon which is probably shared with the macrolide antibiotics.

    Pristinamycins1) comprise a complex of two structurally distinct molecules that act on the 50S

subunit of bacterial ribosomes. Individually these compounds have a bacteriostatic activity against

Gram-positive bacteria. As a mixture, they exhibit strong synergistic and bactericidal effects2～4).

   Previous studies with Escherichia coli cell free extracts have shown that the pristinamycins bind to

the bacterial ribosome. The interaction of PIA with its receptor site is enhanced by the presence of

PIIA5～11)and the latter antibiotic inhib{ts protein synthesis in vitro. Studies with staphylococcal ri-

bosomes are difficult because the ribosomes are not easy to prepare in active fornl and have dif{brent

physico-chemical properties with respect to those of E. co1i12).

    We have previously demonstrated that botll molecules PIA and PIIA enter the bacteria by the means

of passive diffusion and suggested that their strong binding to bacterlal ribosomes could help their ac-

cumulation within the cell13,14). These results prompted us to develop further studies on cell-free ex-

tracts from Staphylococcus aureus. We report here the analysis of the binding of pristinamycins to S.

aureus ribosomes and compare our results with those previously obtained oll E. co1i ribosomes. We

also discuss binding experiments with ribosomes from PIA sensitive and resistant S.aureus s trains which

explain the relationship between the accumulation and the binding of these antibiotics.

Materials and Methods

    Chemicals

    All chemicals were of analytical grade whenever available. Reagents sources were;polyethy-

leneglycol(PE.G)6000 from Touzart et Matignon, pristlnamycins from Rh6ne-Poulenc.[3H]Dihydro-

pristinamycin IA([3H]H2PIA)and IIA([3H]H2PIIA)were synthesized as described previously9).

    Buffer A contained Tri3-HCI 10mM(pH 7.6), Mg(OAc.)28mM, NH4CnOO mM. Buffer B contahled

Tris-HCI 10mM(pH 7,6), Mg(OAc)210mM, NH4CI 100 mM. Buffer C contained Tris-HCI 10mM

   List of abbreviatlons;PIA;pristinamycin I△, PIIA;prlstinamycin IIA,[3H]H2PIA;tritiated dihydropristjna-

mycin IA,[3H]H2PIIA;trltiated dihydropristinamycin IIA, MIC;minlmahnhibltoy concentration.
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(pH 7.6), Mg(OAc)210mM, KCI 150 mM, Buffer D contained Tris-HCI 300 mM(pH 7。4), Mg(OAc)2

10mM, KCI 100 mM.

   Bacterial Strain

   S.aureus "SCH”aconstitutive macrolide-lincosamide-streptogramine(MLS)resistant strain was

aclinical isolate supplied by D. BouANcHAuD(Rh6ne-Poulenc Sant6, Paris, France). It expresses

MLS resistance constitutively to a level greater than 100μg/ml of erythromycin, spiramycin and Iinco-

mycin, and to a level of 60μg/ml of pristinamycin IA.

   S.aureus strain 209P was from our laboratory collection. The minimal inhibitory concentrations

of pristinamycins, determined by the agar dilution tec㎞ique are presented in Table I.

   Preparation of Crude(S-30)Extract of S.aureus 

    S.aureus cells were grown in Tryptic Soy Broth(Di化o)at 37℃. In middle logarithmic phase,

they were slowly cooled, harvested by centrifbgation and stored as a frozen paste at-200C.

   The cell paste was suspended in a cooled buffer A(1 mg/ml), mixed with five times its weight of

glass beads(110μm diameter)and disrupted with a cell homogenizer MSK(Braun)cooled by solid

CO2(shaking frequency=4,000 rpm, homogenizatlon time=10x40 seconds).

    Fiveμg of deoxyribonuclease I(grade I)(Boehringer)was added per ml of suspension. After

vigorous shaking fbr 30 minutes at 4。C, the glass beads were removed by centrifugation for 10minutes

at 5,000 x g. The cellular debris was removed by centrifugatiorl for 20 minutes at 10,000×gand for

30minutes at 30,000× σ. The supernatallts(S-30)were immediately used fbr the preparation of ri-

boson、es or stored ffozen at-70。C.

    Preparation of Ribosomes

    Tight and vacant ribosomes as specified by NoLLε!01.ユ のwere prepared in buHもr A by zonal

centrifugation, ffom S-30 extracts of  S.aureus 209P as described previously16). The ribosome pre-

parations were concentrated in buffer B using polyethyleneglycolエ7)and stored at-20。C.

    Salt-washed 70S ribosomes were prepared from  S.aureus "SCH”by repeated suspension and cen-

trifugation(2 hours,100,000×g)in buffer B containing l M NH4CI as described previouslyl3).

    Pristinamycin IIA Binding to Ribosomes

    Titration of bound PIIA by the Norit A technique was usedB). To buffer D, variable amounts of

[3H】H2PIIA were added and the reaction started by addition of ribosomes(8,6×10-7M)(total volume;

200μ1).After incubation at 37。C for 20 minutes, the reaction was cooled on ice and 30μl of a 2.5%

(w/v)suspcnsion of Norit A was added per 200μ1. The samples were homogenized, kept at 4。C for

10minutes and centrifuged at 4,000× σfbr 15 minutes at 40C. 1001.d samples of supernatant were

counted in 5 ml scintnlation fluid(Beckman HP).

    Pristinamycin IA Binding to Ribosomes

    Methods based on centrifugation through sucrose gradients19)were used. A reaction mixture con-

taining[3H]H2PIA(1.2 Ci/mmol)1μM and 1～2A260 nm units ribosomes or S-30 extract in 2001410f

buffer A were incubated fbr 30 minutes at 37。C, and then chilled on ice.150μ10f reaction mixture

were layered on l l ml linear 5～30%sucrose gradients made in buffer A.50μl of buffer A were then

carefully added. Centrifugation was in an SW 41 rotor in the Beckman ultracentrifuge for 4 hours

at 4。C and at 40,000 rpm. Gradients were fractionated from the top and monitored at 254 nm

in an Isco fractionator. Fractions(250μ1)were collected and the radioactivity was determined in a

Table 1. Minimal inhibitory concentrations of pristinamycins determined by clonical agar dilution tech-

   nique.

     Test organism

Staphylococcus aureus209P S.aureus "SCH"

MIC(μg/ml)

PIA

  8

>60

PIIA

 1

 2

PIA十PIIA

  0.2

  0.5
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scintillation spectrometer.

    Determination of the Binding Pararneters by Fluorescence Polarization(Anisotropy)

    Fluorimetric measurements were performed at 37。C ill a quartz cell. Increasing amounts of stock

solutiolls of PIA were added to a given concentration(between O.OI and 3μM)of 70S ribosomes(02μM)

in l ml buffer C in the optlcal cell. Immediately befbre titration, the ribosomes were incubated at

37℃for 30 mlnutes. Fluorescence anisotropy wa3 measured wlth a Model 400 polarization Huori-

meter(SLM Instruments, Urbana Il1)(R)r details see ref 20～22). Polarized emission spectra were

taken with polarized excitation at 320 nln. Emitted light was measured through Sch10tt KV 450

filters. At each point background correction was applied by paraUcl anisotropy lneasurement with

omisslon of PIA. This instrurnellt allowed the direct measurement of the polarized intensity ratio

I〃/1⊥and averaged ffom 10to 100 values. These ratios, obtained with a vertically polarized excitatioll

a=(1〃/1⊥)and with a horizontally polarized excitation b=(1〃/1⊥), allow us to calculate fluorescence

anisotropy r given by:

                                r=(b/α 一1)/(b/a+2)  (1)

    FIuorescence anisotropy was used since, as oPPosed to fluorescellce polarization, it is additive fQr

mixed systems23)and thus can be directly apPlied to bindlng systems24). Since the binding of an an-

tibiotic was not fbund to entail a change of its total fiuorescence intensity, it was possible to use the

following intensity-independent fbrmula for calculating the fraction of the total llgand bound25)at any

point on the titratlon curve corresponding to an anisotropy r

                              S=(r-rm5n)/(rm,lx-rmIn) (2)

where rmin and rmax are the Huorescence anlsotropy when the ligand is completely free and boしmd, re-

spectively.

   The bindlng data are plotted according to ScATcHARD26) with the equation adapted for the direct

use of the variables S/(1-s)CT and SLT/CT.

                          s/(1-s)CT;(1/KD)(n-SLT/cT) (3)

where CT is the total ribosome concentratlon, LT the total antibiotlc concentration, n the number of

sites and KD the dissociation constant.

Fig.1. Saturation curve of70S ribosomc from S.aureus 209P with iKlcreasing concentratlon of[3H]H2PIIA

   and corresponding ScATcHARD plots.

       The data were obtained by the Norlt A technique in the conditions described in Materials and

   Methods.

       RL represents bound pristinamycin and レthe ratio RL/Rt with Rt concentration of ribosomes.
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   Accumulation Experiments 

   The accumulation of [3H]H2PIA by S. aureus "SCH" was assessed by partitioning in polymer aque-

ous phase system as described in previous papers",").

Fig. 2. Analytical gradient of S-30 incubated with radioactive PIA in the absence (A1, B1) or presence (A2, 
   B2) of pristinamycin IIA-

       (A): Sensitive S. aureus strain, (B): PIA resistant strain "SCH". 
      The experimental conditions are in Materials and Methods.

(Al) (A2)

Sedimentation coefflcient

OD250 nm
, dp m

Results

Binding of [3H]H2PIIA

   We have shown previously that PIIA binds to the 70S ribosomes of S. aureus and E. coli9) since as-

sociation constants were only determined with E. coli ribosomes, we have measured binding parameters 

of PIIA with S. aureus 209P ribosomes. The technique used is based on the adsorption of unbound 

drug by Norit A8). Fig. 1 shows the retention of radioactive dihydropristinamycin IIA by S. aureus 

209P 70S ribosomes. The SCATCHARD plot of the binding data suggests the presence of one high-

affinity binding site with a KD value of 5.6 x 10-7 M and multiple low-affinity binding sites.

Binding of [3H]H2PIA

Formation of [3H]H2PIA ribosome complexes was studied by sucrose gradient centrifugation in the
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absence or the presence of PIIA, with PIA sensitive and resistant S.aureus strains. As shown in Fig.

2A the amount of[3H]H2PIA associated to ribosomes from the sensitive strain increases two-fold when

PIIA is present in the medium whereas binding to ribosomes from the resistant "SCH”strain is only

possiblc when PIIA is present in the medium(Fig.2B).

   Binding of the drug was also studied on 30S and 50S ribosomal particles. No binding of PIA to

30S ribosomes was observed even in the presence of PIIA. The 50S particle from both strains behaved

like the whole ribosome(results not shown).

       PIA-Riosome Interaction Determined by Fluorescence Polarization(Anisotropy)

   The Huorescence properties of PIA have already been used fbr the determination of its binding pa-

rameters with E.coli ribosomes. An increase of its nuorescence intensity was observed when bound to

   (A):Evolution of the Huorescence anisotropy of PIA with S.aureus 209P ribosome in the absence

(○)and the presence oF PIIA(□),

   (B):ScATcHARD plot corresponding to the data of Flg.3A.

   The experimental conditions are indicated in Materials and Methods.

(A)

( B)
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E.co1i ribosomes4,9). However, when PIA is

added to  S.aureus ribosomes, such a phenomenon

is not observed. Therefbre to determine the in-

teraction paralneters of PIA S.aureus ribosome

complexes, fluorescence anlsotropy was measured.

    Anisotropy was measured for increasing con-

centrations of PIA added to a constant ribosome

collcentration in the absence or the presence of

PIIA(2μM). Fig.3A shows the decrease of

fl uorescence anisotropy of PIA alone with S.

aureus 209P ribosomes or in the presence of

PIIA.

   For each experimental point, the f士action of bound PIA is calculated using equation(2). The bind-

ing data are then plotted according to ScATcHARD with equation(3). Our results are shown in Fig,3B.

They show a non linear-plot in both cases suggesting the presence of one high-affinity bindlng site and

multiple low-aHinity binding sites. The binding parameters thus determined according to RosENTHAL2の

are shown in Table 2.

    Fig.4shows the results obtained with S.aureus "SCH”(pristinamycin IA resistant)ribosomes. PIA

alone is unable to bind these ribosomes whereas in associaiton with PIIA, its binding site is fbrmed Iead-

ing to a ScATcHARD representation which also reveals a high-affinity binding site with parameters in一

Fig.4。 Evolution of the Huorescence anisotropy of PIA with PIA resistant strain "SCH” ribosome in the

   absence(○)and the presence of PIIA(□)and related ScATcHARD plot,

       The experimental conditions are in Materials and Methods.

Table 2. Binding parameters of pristinalnycins determinated with the ScATcHARD plots according to

   ROSENTHAL.

      Antibiotic

Staphylococcus aureus 209P

 S.aureus  " SCH”

 H2PIIA(α)

KD=5.6×10-7M

 n=05

PIA

   Alone

KD=6.3×10-8M

 n=1

  十PIIA

KD=1.4×10-8M

 n=1

KD=1.1×10-7M

 n=0.9

Fig.5. Accumulation curve of PIA ln PIA resistant

  strain "SCH”in the absence(○)and the presence

  of PIIA(□).
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dicated in Table 2.

Accumulation of [3H]H2PIA by S. aureus "SCH"

   To extend our studies, we also examined the accumulation of P1, by S. aureus "SCH", a PIA resistant 

strain which is synergistically sensitive to the mixture of PIA and PIIA (Fig. 5). With PIA (1 pm) alone 

in the medium, the S. aureus "SCH" concentrated the antibiotic 4-fold which is correlated to the lack 

of affinity of PI, for "SCH" ribosomes. Conversely, in presence of PIIA, the presence of a high-af-

finity site for PIA on S. aureus "SCH" induced an increase of the intracellular concentration of the 

antibiotic by some 27-fold.

Discussion

   We present binding studies of pristinamycins to ribosomes and ribosomal subunits from S. aureus 
209P a strain sensitive to both PIA, I'll, components and also highly sensitive to their mixture and to S. 
aureus "SCH", a clinical isolate resistant to P1„ sensitive to PIIA and highly sensitive to their mixture. 

   Based on the use of fluorescence anisotropy and Norit methods we have determined PIA and PIIA 
binding parameters on these two types of ribosomes. The values we have obtained are close to those 
previously found by COCITO7) and ourself9) with E. coli ribosomes. The same remark can also be made 
concerning the increase of the affinity of PI, for the ribosomes when PIIA is present in the medium; with 
E. coli ribosomes this affinity is increased by a factor of three whereas in S. aureus 209P ribosomes this 
increase is 5-fold. An important experimental finding is that resistant S. aureus "SCH" ribosomes 
appear to have no binding site for PI, but acquire a high binding specificity for this drug in the presence 
of PIIA,. The increase of affinity between the ribosomes and PIA has been studied more accurately by 
using [3H]H2PIA distribution on a sucrose gradient after incubation with a S-30 preparation obtained 
from S. aureus 209P and S. aureus "SCH" in the absence or the presence of PIIA. This type of experi-
ment shows the relationship between the sensitivity of a strain for PI, and the binding of this drug on 
the ribosome. 

   The uptake experiments performed with strain "SCH" also show the prime importance of the ribo-
some for PI, accumulation within the cell (pumping-in effect) and confirm the hypothesis formulated 

previously"). It is likely that the phenomenon can be generalized to other macrolide antibiotic such 
as erythromycin for example's). 

   These studies illuminate relationship between the synergistic effect (bactericidical) in vivo and the 
reinforced affinity of PIA on the ribosome in the presence of PIIA.
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