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1. introduction

The in vizro synthesis of the magic 'spm compounds,

the guanosine tetra (ppGpp) or pentaphosphate
{pppGpp). are catalyzed by ribosomes from £, coli
and a stringent factor [1]; the latter present in the
ribosomal INH,4Cl wash of stingent E. ¢oli transfers
pyrophosphate from ATP into the 3"-position of gua-
nosine-5’-diphosphate [2]. Barlier reporis [1] indi-
cated that synthesis of the two magic spots was stim-
nlated by elongation factor G {EFG); however, fur-
ther purification of the ribosomes revealed that mes-
senger RNA and codon-specific uncherged tRNA
were @ssential rather than EF-G (Haseitine and Block,
persongt conununication [3]).

The present paper contributes to the spemﬁmty of
the formation of guanosine-5'-diphoswhate-3’-diphos-
phate {magic spot I). The results shov. that this reac-
tion requires 30 S as well as 50 8 dbesomal subunits.
However, when 70 S ribosomes were split into P-I-
protein fraction and P-I-ribosomes by treatment with
ethanol and NH 4C] i4] , only P-I-ribesomes wers es-
sential for MS I forrsation. Experimexzts with ribo-
somes from varions sources indicated that synthesis
of MS 1 was restricted to bacterial ritosomes. Slight
stimmulation was obtained with mitochondrial ribo-
somes from yeast. Hybrid ribosomes “ormed by brain
and £, coli ribosomal subunits were inactive 10 cata-
lyze MS T formation.

In addition, our data show that neither cAMP nor
the ATP analogie adenylylimido-diphosphate
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{AMPPNP) could replace A TP as phosphate donor;
however, AMPPINP inhibited MS I formstion when
ATP was present. No inhibition occurred with cAMP
or ouabain, an inhibitor of £. coli ATP phosphohy-
drolase [5].

2. Methods

E. coli strain and method of isolation of NH4CE
washed ribosomes and stringent factor were the same
as described by Haseltine et al. [1}. The reaction mix-
ture {50 pl) for the synthesis of MS 1 contained 20
mM Tris—HCI, pH 8.0, 20 mM Mg-acetate, 2 mM
DTT, 40 mM NH,Cl, 5 pg uncharged tRNAPPE, 5 pip
poly U, 10 ug 0.5 M NH,4C1 ribosormal wash (used as
source of the stringent factor), between 0,2 and 2 mMa-
[32P]GTP (specific activity 10 mCifmmol}, 4 mM ATP,
and ribosomes as specified in the legends of fig. 1. and
the tables. After incubation at 37°C for 4 hr the reaciion
was stopped by addition of 1l 88% formic acid; 14
aliguots weze applied to PEl-cellulose sheets and
chromatographed in 1.5 M Ki,P0, {pH 3.4) as de-
seribed [6] . The sheets were auioradiographed for
12 hr and spots corresponding to MS I, GTP and
GDP were cut out and counted. Under the conditions
described here litile MS 11 was formsed which was due
to endogenous TPgse activity present in the

 NH,Cl ribosomal wash. Ribosomal subunits from

E. coli were prepzred by the method of Takeda
and Lipmann [7]; 30 8 ribosomes 8], 40 S and 6G S
subunits from brain [92]. ribosomes from reticulocyte
F{]«‘O} , from yeast ¢ rtoplasm end mitochondria [11]
weie prepared as described. P-i-ribosomes-and P-I-pro-
1ein from 70 S ribosomes (. colf)} were obtained by
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Fig. 1. Formation of M8 I and synthesis of poly phenylalanine
in the presence of P-i-ribosomes and P-I-protein. Formation
of M5 I and polypeptide synihesis were carried out in a total
reaction volume of 50 pl; where indicated 10 pl of P-I-protein
(3.2 mg/ml) were added. P-I-ribosomes contained 8 Axgp
uniis/ml. The conditions for MS I synthesis were the same as
described in table I and in the Methods section. For polyphen-
ylalanine synthesis see ref. [11]. MS I formation with P-I pro-
tein fraction and strinpent factor alone was 25 pmoles above
background and was substracted in fig. 1A, closed circles. P
protein alone had no effect in polyphenylalanine synthesis,

the method of Hamel et al. [4]. c-[32P)GTP came

from New England Nuclear, AMPPNP from Boehringer,

Mannheim. Quabain was a gift from Dr. V. A. Erdmann.

3. Results and discussion

With a purified system in vitro synthesis of guano-
sine tetraphosphate {MS I) required a stringent factor,
308,508, poly U, and tRNAPPE {table 1, line 1). No
MS 1 was formed with tRINA™®! and poly U (table 1,

line 2) suggesting that this reaction was dependent on

codon-specific interaction of 1IRNA and mRNA [3].
“Omission of either 308 or 50 S subuniis resulted in
‘the complete loss of activity (table 1, line 3 and 4).
However, when P-Taibosomes and P-I-protein were

prepared from 70 S ribosomes by the method of ,
‘Hamel et al. [4] optimal MS I formation occurred -
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Table 1
Dﬂpgndence of MS 1 Im‘maimn odn 30 S 508, po]y U and
IRNAPBE,

Formation of MS 1 in pmmles]

Experimental conditions a1 aligquot
Complete System 450
—tRNAPHE 4 RNyamEt 21

—308 11

~508 . 15
~Poly U in
—Biringent factor D

The complete system {30 pl) contained 0.2 Asgp uniis of 50

S, 0.6 units of 30 5, 5 pg of IRNAPRE; for other conditions
see Methods section. Where indicated 5 pg of tRNA™®! was
used per assay ; IRNAPP® and tRNA™®! were purified accord-
ing to the methods described glsewhers [12—143.

with P-J-ribosomes alone (fig. 1 A). whereas both, P-I-
ribosomes and P-l-protein were essential for polyphen-
ylalanine synthesis {fig. 1 B). Proteins L7 and L12
which are present in the P-l-fraction are reguired for
the function of EF-Tu and EF-G during peptide chain
elongation cycle [4, 15—19]. Thus, in contrast to the
peptide chain slongation reaction, formation of MS 1
functioned independently of L7 and L12.

In order to find out whether synthesis of MS I oc-
enrred with ribosomes other than bacteria, ribosomes
from yeast cytoplasm and mitochondria, from brain
and from reticnlocyte were complemented with the

Table 2
Compiementaiion of the siringent factor (E. coli) with ribo-
somes from varions sonrces.:

Formation of MS 1 in pmo]ES}

Source ©f ribosomes w1 aliquoi
E. zoli C 755
Yeast cytoplasm - (4]
Reticulocyte - R o
Calf brain 0
Yzast Imtocho:nﬁm : C 45

The inewbation :mixm:re contained: 1.0 Axgp units of 708
nbnsomes from E. col; or 1.6 units of yeast ribosomes, or -
1.8 units of xebculocyie or calf brain ribosomes, or 2.5 units
of yeast mitochondrial ribosomes; since those ribosomal
preparaticns contained stilt endogencus mRNA poly U was’
‘omitied 2nd TRNAPHE replaced by an unpurified tRNA mix-

ture (40 pglassay). The incubation was carried ont a1 23°C -
for 10 hz; a blank (10 pmoles/pl ahqnoi) ‘caused 'by the strin- -
s gent :tactor z{lone was mbsiractea )
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Table 3
The function of hybrid ribosomes.
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Tahiz 4
Effect of AMPPNP and of cAMP on the synthesis of M5 1,

Ribosomal ~ Formation of M3 1 B_i_nding vf {3 C)phe-

Formation of M8 1in
" subunits in pmoles/ul aliguot  tRNA in smoles Conditions pmolesfil aliguol
308 20 1.2 Complete » 510
508 . 43 , 0.4 —ATP, + AMPENP { 4 mM) o
3085+35038 5438 5.7 ~ATP,+caAMP { 4 mM) 1]
: Complgte + AMPPNP ( 2.5 mM) 520.
408 0 : 0.9 Complete + AMPPNP{ 5.0mM) 320
608 D Da Complete + AMPPNP (10 mAD) 15
408+ 608 D ' 3.8 Complete +ouabain ( 2 =My 495
4DS+ 3508 45 2.3 The complete reaction mixture {50 xi) coninined 0.2 Asgp
303+605 31 1.5 units of 50 5 and 0.6 units of 30 5 E. co¥f ribosomal subunits;
where indicated 3'-5-cAMP was used. Other conditions sce
305+ 505+ Methods section.
408+ 8608 505 n.d.

Formation of MS 1 was garried out in 50 pl vol coniaining 0.9
Azgp unils of 30 5, 0.6 units of 30 8 {(both from £. coif), 1.1
units of brain 60 8, and 0.8 units of brain 40 S; other condi-
tions were the same as described in the Methods section. Non-
enzymatic binding of ﬂwa] phe-tRMA was done in a toipl vol
of 100 wpl as described elsewhere [23] ; the ribosomal concen-
trations were: 0,47 Azgp nils of 595, 0.35 units of 30 5 sub-
units (both from E. coli), 0.52 uniis of 60 S, and 0.3 units of
40 8 subunits (both from calf brain).

stringent factor from E. coli. Table 2 shows that 80 8
ribosomes from sukaryotic organisms were nactive
10 complemnent the bacterial stringent factor. With
ribosomes from yeast mitochondrnia, however, MS 1
was formed. The low activity of those ribosomes was
probably due to a contaminaiion by endogenous
ATPases or RNAases; more crude preparations of mito-
chondrial ribosomes not only were inactive but
caused a strong inhibition of 35S 1 formation when
combined with bacterial ribosomes {not shown).
Omly recently, it has been shown that zibosomal
subunits from prokaryotes and eukaryotes were func-
tionally interchangeable [20—22]. The hybrid ribo-
somes obtained from 308 {E. coli) and 40 8 subunits
{brims shrimp) showed limited function by synthesiz-
ing fmet-puromycin or N-acetylphe—phe; no activity
was observed with 60 S and 30 8 [20]. In table 3 ribo-
sormal subnnits from E. cofi and drain were inter- :

changed and assayed for MS 1 formztion and non en-

zymic binding of [14C}phe-tRNA. The resnlts indi-
- cated that the stringent factor from E. ¢oli was ribo-

some-specific and did not form MS 1 with hybrid ribo-

somes; we confirmed the findings by Kiein and Ochoa
[20] that [}4C]phe-tRNA was nonenzymatically
bound by hybrid ribosomes consisting of 50 3 and 40
Sbut not of 30 S and 60 S (iable 3). 1t should be
noted that hybrid ribosomes obtained from 50 5 and
40 5 did not yicld a distinct *70 8 ribosomal peak
when analyzed on a sucrose gradient {(not shown));
the lack of this peak might be explained by the insta-
bility of the hybzsid ribosomes. That brain ribosoraal
subunits contained vnspecific inhibitors was nnlikely
singe 70 S-dependent synthesis of MS . was not
blocked by the 40 8 and 60 8 particle. (table 3).

Haseltine et al. [1] showed that a niagic spot was
formed when GTP was replaced by §-y-methylene gua-
nosine-5’-triphosphate {GMPPCP}). In table 4 ATP wae
replaced by AMPPNP or cAMP, but no magic spot
was formed under those conditions. Thus neither
CAMP nor AMPPNP could be used as phosphate do-
nor. However, AMPPNP but not cAMP was a competi-
tor for ATP in the MS 1 reaction {table 4). Duabain, an
inhibitor of membrane-bound ATPases [5] did not
bloek formation of MS 1 {table 4).

The results reported here show that synthesis of -
MS 1 is resiricizd to the bacierial type of riboscmes.
The experiments with P-I-ribosomes indicated that L7
and L12 were not required for MS formation; a simi-
lar observation has been made by Kjeldgaard {personal
communication). The stringent factor seems to fupc-
tion on a ribosomal region different of that for EF-Tu
or EF-G. However, 50 S subunits deprived of L7 and

- L12 showed EF-Tu and EF-G dependent GTPase ac-
- -tvity wher miethanol was present [24] ; Ballestaand
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Vazquez [24] suggested that 17 and L12 were essen-

tial for an appropriate ribosomal confirmaticn, In the
light of the data presented here this confirmation
might be not reumred for the function of the strin-
gent factor,
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