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1, Introduction

The antibiotic fusidic acid has been found 1o block
protein synthesis in bacterial [1-3] and in ewkaryotic
systems [4, 53, 1t was postulated that fusidiv acid in-
hibits protein synihesis by blocking ribosoma! trans
location sinece it inhihits {a) the GTP hydrolysis depen-
dent on ribosomes and cither elongation factor G

{EF G) {in bacterial systems)} or elongation factor 2
{EF 2) {in sukaryvotic systems) and, under apuropriate
conditions, (k) the GTP plus elongation factondepen-
deni reaction of Ac-Phe-tRNA or Phe-1RNA with
puromycin [1—71 Moreover, & modified EF G resis-
tani io lﬁﬁmﬁm acid has been described in bacterizl
mutants resistant {o the antibiotic [8]. Further studiés
have shown that fusidic acid stabilizes a GDP—ribo-
some—EF G (o1 EF
that formation of this complex {11] caused the inhibi-
tion of translecation. There is, however, imz@asing gvi-
dence in bacterial systems that the primary eficct of
fusidic azid in protein synthesis is not the inhibition
of sranslocation: for fusidic acid-inhibited polysomes,

formed on synthetic {poly {U) and viral R17-RNA), or

endogenous {Escherichia roli or Bacillis subtilis) mes-

~ senger have their nascent peptides in the puremycin- .
reactive position [12—15]. It has also been shown that
formation of the complexes (i) GDP—ribosome—fusidic

acid—EF G or (it} EF G—ribosome—GDPCP {3 .quanylyl
m=thylene diphosphonate) {16—19]1 inhibiis amunmcy]— :

- TRNA binding to the A-site, Thus, ihese results suggesi
that in bagterial systems dus to formation of the com-

plex GDP—zibosome—fusidic acid—i ¥ G the antibistic . - .-
; .-f’mnnemmnons is shown in fig. 3. It 35 se8n that the in-

o ‘xammnr ﬁffect of ?fhe imhblmlt ﬁecmase.: whwen ﬂle S

* inhibits protein synthesis by [blcer;ﬂnrg ‘amzmoa-c) J-IRNA '
, b T‘nng 1o 1he A-"‘l'*E ' : ,

2y complex [9, 10]; it was thought

Our recent studies with humen (onsi ribosomes
sugpest a similar action of fusidic acid in eukaryotic
systems, since the antibiotic doees not inhibit translo-

cation of Ac-Phe-tRNA and Phe-tRNA bound to the

' ribosomal A-site, as measured by the puromycin reag-

tion after incubation with EF 2 and GTP {20]. We
have now continued the studies with this system to
help to clarify (a) the mode of action of fusidic acid
and (k) the relationship between the ribosomal sites
implicated in binding of EF 2 and aminoacyl-tRNA.
The results obrained gre presented in this paper.

2. Methods

‘Sourees of reagents and methods used 1o prepare
and Ac-}°HPheRNA {18 Cijmmole), [**CIPhe- and

~ Ac-[*C1Phe-1RNA {500 mCifmumele), humsn tonsil

ribvsomes and longation factors EF- 1 and EF 2 and
1o measire binding of Phe-iRNA and Ac-Phe-tRNA

10 the ribosomal A-site, translocation of Ac-Phe-1RNA
- and poly {U)-directed [**Clphenyleianine incorporation,

WELE ﬁssennally as pwevmmrﬁ}q fescribed [18, 2@*22}

3. Resu]is

B £ ffféci of fusidz'f acid on poly p}im vindaine spa- -

thesis a? dz j}'erfm eﬂmen;trm‘mm of BF 2

“The ﬁffeci of fumdm ac]nﬂ {]U”” Mjl on ptﬂy{U) ﬂarem_j
eﬂ I“ C]pheny]aiamne mr:o:rpmaimm at different EF 2
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Fig, 1, Synthesis of poly (U)-directed polyphenylalarine, Ef-
feet of fusidic acid at different concentrations of EF 2, Com-
plete reaciion mixmres conteimed, in 0.1 ml, 50 mM TrisHCE
{pH 7.4), 11 mM magnesium chioride, 60 M potassinm chio-
e, B mM 2-merpapiosihanol, 2 s GTP, 100 pefml poly{i2),
0.06 uM | 1SCIPhe-tRNA, 0.3 pM ribosomes, 5.9 mgfiml of

EF 1 and the regnited eoncentrations of EF Z, Purity af E¥ 2
was apprex, S0% |26 The reaction mixtozes were incnbsated
at 37 for 20 min, All values were corrected by snbiraction

of blanks without elongation factors {0.14 pmoles). (#—a—a)
Contro); {o—o—c) with 107 31 fosidic acid.

Tatic of EF 2 to ribosomss increases and it s abolished
at saturating amounts of EF 2, Tne effect of increasing
the concentration of fusidic acid at three different
ratios of EF 2 to ribosomes is shown in fig. 2. Higher
concentrations of the antibiotic were reguired for in-
hibition when the concentraiion of EF 2 wes increased.

3.2, Effect of fusidic acid on transtoration of Ac-Phe-

“The effect of fusidic acid on mm&m:é'aim was smgd-
ied by measuring the extent of the GTP- and EF 2-de-
pendent reaction of Ac-Phe-tRNA prebound to the A-
site with puromyein, Fig. 3 shows that there isa clear.
inhibition of translocation by fusidic acid st low con- -

eentrations of EF 2, but it decreases and is even abolish-
e when the sonceniration of the factor is inereased.
The effect of fusidic acid is alse dependent cn the .

Fusidic o¢id concentrohion (M3

Fig. 2. Effect of fusidic ecid on zynihesis of poxy (1N-Girected
polyphenyialaning, Dependence of EF 2 conceniraiion. Reuac-
{ion mixtures and incubations were as indicated under fig. 1.
Additions of EF 2 weze either (.15 mgfmi (#—e—), or 1.5
me/m} {s—a—-2), o 6.0 mg/mi {o—o—o),

ribosome conceniration since the inhibition obssrved

at low ratios of EF 2 to ribozomss is increased and can
be complete when 2 sufficient amount of free ribozomes
is present in the reaction mixture (izble 1). This find-
ing supports previons reports suggesting that the mhib-
itory effect of fusidic acid is due (o the sequesiering

of EF 2 molecules in the form of siable GDP—ribosome—
EF 2—fusidic acid complexes (17, 18},

- 3.3, Ae-PheiRNA and Phe-RNA binding to rib somes

prefreaied with EF 2

it has recently been shown that the EF 2—-G17P
complex interacts specifically with the large ribosome

" subunit [23]. To investigate the possible relation be-

tween iis interaction site and the ribosomal A-site we

‘have formed the complexes (a) GDP—EF 2—ribeusen.s,

{b) GDPCP—EF 2--riboscme and {r) GDP—ET 2 —fusidic

~ acid-ribosome and studied their ability 1o bind acylated

{RNA to the A-site. For this purpose we have measured
the binding of Phe-IRNA, either snzymic or non-ga-
zymic at Jow and high Mg® ~mcentrations respectivaly

. under conditions promoting ivinding :mostly 10 the A-
- site [20). We have also measured the nop-enzymic bind-

ing of Ac-Fhe-tRNA at high Mg™ conventration and
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Fig. 3. Effect of fusidic acid on wransloration of Ac-]3111Phe-
tRNA, Dependence on EF 2 cone: mration. Reaction mixitnres -
containing, in 0.5 ml, 530 mM Tris-"1C1 {pH 7.4), 15 mM mag-
mesium chioride, 50 mM potassiam chioride, 0,4 mg/mi poiyill),
1.5 pb ribosomes and 0,12 pM Ac-]"H]Phe-IRNA were inen-
bated at 37° for 30 min, The Ac-{ >H]Phe-1RNA ~tibosome
comjplex was separated by centrifugation [20], resnspended

and 1aken for the trapsloation repction in mixlures comiain-
ing finally, in 0.1 md, 50 mM Tris-HCI {pH 741, 18 mM mag-.
nezivm chloride, &0 mM polsssiom chlonide, 8 mM 2-mercapio-
ethanol, 1 mM GTP, 0.0023 28 Ac}>H1PheARNA-ribosome
complex, EF 2 as indicated angd 1 ml puromycin, Incnbetions
were corred ont at 37° for 3 min, Ac-13HIPL puromyein,
Tormed was extracted with sihyl acetate and radioactivity es-
timated |27, All values were sorrected by subtraction of

blanks without EF 2 and GTP (0,04 pmejes). fo—n—=»)

V-FEES'LIETTERS )

May 19‘?3

w;der ctmﬁ;utmns ]Eﬁdm@ to apprmxnnaiely the sams. -

B ammﬂm wanrc-P‘le-iRNA bound to the A- z2nd. ’P»mes

[20}. Table 2 shows, with twp different preparations

“of ribosomes {{2) and (b“)}, that EF 2 partially inhibit-
. ed binding of both subsllmiﬁs 10 the A-site. The inhibi. -

tion increesed in the prezence of GTP and was £ven -

. Mighor when fusidic acid was added (ihis shovld be -

expected since the EF 2—ribosome compléx is more
stable in the presence of fusidic acid, [10]). The hngh
est inhibition was obizined when GTP was rapla@cd

oy its n@nhy_dm]} zable analogwe. The resnlts wers

very similar with either enzymically or non-erzymically
bound Phe-tRNA. Inhibition however, was similar with
AcPhe-tRNA but in some cases {as in experiment £

it was higher than 50%. Since only about 50% of the
Ac-Phe-1RNA binds to the A-site 120} these daia sugpest

- that EF 2 also inhibits 1o some extent 1the binding to

the ribosomal P-site. Essentially similar resulis were
obtained by other workers stndying Phe-tRMA binding
when &ither the complex GDPCP—-EF 2-ribosome [24]
or GDP—E¥ Z—nibosome—usidic acid [23] were form-
ed, : : 3 L

3. Diswssinn ‘

Fusnﬂm acid forms a stable cnmpiex GDP-ribosome—

- Tusidic acid—EF 2 {14]. Inhibition of protein synthesis

by fusidic acid appears 16 be a consequence of its affect
- sequesiering all the EF 2 available due 10 the fonmation

of the GDP—ribosome—fusidic acid—EF 2 complex.

Our resulis support this hypothesis since the effect of

Control; {o—o—o) with 17 M fsidic acid, ﬁlmvdlc amd in ¢sl-iree systems can hﬁ ﬂEi:IEBSEE] o1

: Tab]a 1
Effect of fumﬂ:c amd on &:ramlocaitmn o Ac»]sﬂa]?ha-mnﬁ dependence on *l};u: mm:aniraimn nf nbmsmmes
Additions to the sysiem AL‘-—FH lPhE-;pwomycm - _?mmmmm
' ' ‘ mrmaft:on f[meIES) " {% conirol)

None aaso - T e

+ Fusidic acid’ B T R SRT - N

+0.5 2M fret ribosomes ' Copazo o D

+ 0.5 M fmcnbcsom&s+fmad1c amﬁ oo22 o LR ‘:18

- 2,0 1M free nbaso:mes ' o "':'B.IQB . S e _,'f"_,' i'j‘:'l@ﬂ .
:+2 0 M free: nbosomes-tfusumcamﬂ SOBODL e e e T

- Expenmenta] mndmons were as mc?hcaied mme: fip. 3 bu* 9_13047 ,uM AIQ-FH}PM-IRNA~nbosomB f;cmplex am‘i 3 me] EP ‘3 ‘ .':

~were added in :=.11 cases, TH2 N fasidic amﬂ -was added, when requ:meri, Free riboscmes wereadded wheri mﬂxcmeﬂ 10 :‘r_he TEACIFONm.
mxmre pnm' m ‘t}m 'tmnslneal:mn :eaetmn. Ali 'walues wers unecL& by subman;t:on of blanks mthum EF. 2 * uTP "@ ‘063 pmﬂ-]es),
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' ) Tzabla _ ’
dmg o ]”t jPhe- and N-AT] l“‘t EFh&IRh& binding mnbnmmas, effecy of | pricr additios of EF 2,

" Enzymic bmdmg mf * Non-nzymic ?tamﬂmo of Won- nzymic dinding of

RS o {14C|Phc-1RNA - 3CiPheRNA Ac-{ Y CIPhe-tRNA
Additions to the sysiem % EDBH@I} {% contiol) % control)

Experiment . Experiment - Experiment

{a) Sy ta) 1) ) (&5}
None - - 100 ‘ 100 100 180 100 10D
+EF 2 : ) - - ‘ &3 45 42 7&
+GTP - =~ - : 97 72 o2 101
+ Fusidic acid 39 76 i01 91 52 iGh
+ GDPCP ' &0 - B TE 5 71 &0
+EF 2 +GTP — ' - 35 a4 29 05
+EF 2+ 3TP + fusidic amﬁ 21 1t o B 16 44
+EF 2 + GOPCP 4 1 1] 14 43

Reactions for non-enzymic binding of | 79T Phe- and Ac] " CFhe-tRNA and enzymic binding of | 190 PhetRNA wera carried out
as previousty described 120]. Prior to these reactions 0,29 pM ribosomes weze preincubated at 37° Tor 5 min with 7.8 mg/mi of

EF 2 o7 0,2 mM GTP or 10> M fusidic acid or 0.2 mM GDPCP when indicated, 2,3 mp/mlof 353-' 1 o 5,082 pM | 130 Phe-1RNA
or 0,623 oM N-Az-| ¥ 1Phe-tRNA were then added when reguired and ineubations carrizd out 21 37° for 20 min | 203, Two differ-
ent batches of ribosemes were used for experiments {a) and {b). In the conirel experiments carried out with the complete scaction
mix tures, withont any further addifion, enzymic binding of | MC}‘Phe—ﬁ?.NA was 110 and 3.25 pmoles in exporimments {2) and {b)
respectively, non-enzymic binding of J1%CIPhe-tRNA was 1.20 and 2.67 pmoles and nom-enzymic binding of Ac-]2C]Phe-tRNA
was 0.62 and §.98 pmoles, OF the different ribosome preparations tesied, baich (aj was 1he one giving the Iower valnezs for astivity

and barch {b) was the ong gving the hizhest activily.

abolished by saturating concentrations of EF 2 {fips.
1--3), but can be enhanced by increasing the concen:
tration of free ribosomes {table 1), Indesd free ribo-
somes, e¥en in the absence of fusidic seid, parsiatly
inhibit .zanslmr‘ahfm {table 1) pmbab]v by sequesier-
mg also EF 2
Fusidic amd has been 1eporied 1o irhibit Ibmh ami-
nmacy]-tRNA binding {table 2 and [16—19]) and trans.
location (fig. 3, 1able 1 and [1-7]) under certain ex-
perimentzl conditions but the mode of action of fasidic
' acid remains anresolvad, Eenanﬂy _bmdmg of amino-
acyl-RMA does not take place when the complex
-GDP—ribosome--EF 2-fusidic acid is formed {table 2
;and 125]).. However, we believe that experinental =
conditions used in table 2 might be somehnw artifcial
since it woild appear more physiological that hmﬂmgg :
of ammoacyﬂ-tRNA to'the ribosome would take place

prior to BF 2 interaction. Otherwise it would be dif- _ .-

ficult m undersianré how e]mnganon could’ iaﬁe place -
{fEF 2+ GTP is bound to the ribosome prior 10 ami -
_nﬁaﬁy]-tRNA bmdlng Simce, ﬁ‘ﬁs binding is sirongly in-

hibiled by the previous intesaction of EF 2+ GTP even.
in me a:afnce Of fusnhc amﬂ (tab}e 2) o
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