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nucleates. Not only is the RNA, especially the portion insoluble in salt, more strongly
held by histone, requiring, for dissociation, the more cffective bromide rather than
chloride, but the various {ractions, although released characteristically over a wide
molarity range, appear to differ less in composition than is observed with DNA.
It will be seen in Table I that—in contrast to the DNA [ractions exhibiting a gradual
transition from the GC to the AT typel-2—only Fraction 1 of the insoluble RNA
was significantly different in composition from that of the total in having a higher
content of adenylic, uridylic and pscudouridylic acids. The 5 fractions vielded by
the soluble RNA differed mainly with regard to the concentration of pseudouridylic
acid, especially when Fractions 1 and 5 are compared. In all cases, the ratio 6-Am;
6-K?° was close to unity. It should be added that there is some evidence that the
fractions, despite similaritics in their composition, are distinguished by certain
features of the nucleotide arrangement. This, as well as related investigations, will
be discussed later in another context.

This work will form part of a doctoral dissertation to be submitted by Rakoma
LipsHiTz, who is the holder ot a Predoctoral Research Fellowship of the U.S. Public
Health Service. The studies were aided by research grants from the U.S. Public
Health Service and the National Science Foundation.
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Effect of magnesium on the amino acid-dependent pyrophosphate
exchange catalysed by “RNA-low” systems

Recent evidence suggests that the stability of the leucine-activating enzyme present
in rat-liver pH-5.0 fractions?, is due to a special association between enzyme and
““soluble” RNA, conferring protection upon labile thiol groups concerned both in
pyrophosphate exchange, and in the transfer of [1*Clleucine to ‘‘soluble” RNA.
The instability of activating enzymes found in “RNA-low fractions” obtained from
protamine-treated rat-liver extracts':3, probably results from the interaction or

Abbreviations: RNA, ribonucleic acid; ATP, adenosine triphosphate; AMP, adenosine
5’-phosphate; Tris, 2-amino-2-hydroxymethylpropane-1, 3-diol.
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removal of “soluble” RNA with protamine. Activating enzymes, precipitated with
yeast RNA3, are as unstable as those occurring in “RNA-low fractions”.

It has now been observed that unstable activating enzymes are considerably
stimulated by Mg**in concentrations above 5 mM. At these levels the stable
leucine-activating enzyme in the pH-5.0 fraction shows little stimulation (Table I),
and often depression. This amino acid-dependent pyrophosphate exchange observed
at high Mg+*+ levels is very readily and reproducibly depressed by AMP, in a manner
suggesting that the AMP is involved in the reaction mechanism. At lower Mg*+
concentrations the depressing effect of AMP is encountered less reproducibly, parti-
cularly with the leucine-activating enzyme of the pH-5.0 fraction. It is intended
to re-examine this phenomenon using MCJAMP?, to ensure that these inhibitory
eflects of AMP are not misleading.

TABLE 1

THE EFFECT OF Mg'™ AND AMP UPON AMINO ACID-DEPENDENT PYROPHOSPHATE
EXCHANGE CATALYSED BY RAT-LIVER PREPARATIONS

Pyrophosphate exchange (mpomoles/minlmg protein)

“RNA-low” fraction pH-5.0 fraction
Mg+
Leurine Lysine Leucine Lysine
—AMP S+ AMP —AMP - AMP —AMP A AMP —AMP + AMP

TmM 23 5 [ o 16 14 o o

5 mAM 77 66 15 7 52 56 14 4
15 mM 147 79 131 64 60 42 70 32
3omM 82 43 246 116 46 16 104 58

The test system contained in a final volume of 0.55 ml: 3 gmoles sodium ATP, 1.5 umoles sodium
[32P]pyrophosphate, 0.5 umole amino acid, 50 gmoles Tris buffer (pH 7.2), 0.5 mg protein, and
8.7 pmoles sodium AMP (Sigma) or a compensating amount of NaCl in the tubes without AMP.
Mg*+ was added as indicated. Incubation was for 5 min at 37°. Separation of ATP from pyro-
phosphate in the presence of AMP by our method® required about 400 mg equivalent of dry
charcoal. Each assay was accompanied by an amino acid-free blank, which remained constant
throughout the series, and which has been subtracted from the data presented here.

When lysine is used as substrate the results are clear-cut and reproducible,
provided that freshly-made preparations are employed, since the enzyme concerned
is very labile. When leucine is used as substrate, the results are more variable, and
seem to alter with slight changes in those isolation procedures which might be ex-
pected to influence the association between “soluble” RNA and enzyme.

The transfer of [C]lysine to “soluble” RNA catalysed by the pH-5.0 fraction
is only one half to one third that of the transter obtained with [*CJleucine. When,
however, this transfer is examined in ‘‘recombined systems” it is found that the
transfer of [MCllysine is equal to that of [MC]jleucine. This suggests that a faulty
association exists between the enzyme in the pH-5.0 fraction and the “soluble”
RNA, parallel with its instability, and type of response to Mg*+ and AMP. Activating
enzymes for valine and threonine, showing similar properties are found in these
pH-5.0 fractions?.

Recently, ALLEN ef al.® have suggested that thiol groups may participate in the
mechanism of amino acid activation. The results reported here indicate that an amino-
acyl thioester may be involved as an intermediate, the mechanism of its formation
being similar to that of acetyl-coenzyme A?. If this is so, then free AMP must appear
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in the system before the transfer of the activated amino acid to the “soluble” RNA.
This transfer is known to be reversed by free AMP (and pyrophosphate), suggesting
that free AMP appears after the transfer has taken place (for discussion, see LipMANN
et al.%). The dilemma can be resolved if we assume that the amino-acyl thioester and
amino-acyl ribose ester bonds are in equilibrium with cach other, perhaps through
an intermediary complex containing Mg+*+. In the stable amino acid-activating
systems this hypothetical complex may effect the “coupling” of thioester bond
synthesis to the transfer of the activated amino acid to “soluble” RNA, the formation
of thicester bonds being controlled through the response of the thioester-generating
system to Mg++. This controlling or “coupling™ action may represent a highly in-
teresting property of “soluble”™ RNA.
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The enzymic synthesis of thymidine diphosphate glucose
and thymidine diphosphate rhamnose

Recently a large variety of thymidine-linked sugar nucleotides have been isolated
from microorganismsi—*. The sugars include rhamnose!s*, mannose! and a variety
of unidentified sugars®3. We wish to report evidence for the enzymic formation of
thymidine diphosphate glucose and its conversion to thymidine diphosphate rhamnose
in cell-free extracts of Pseudomonas aeruginosa (ATCC 7700). This organism has been
shown to secrete a thamnose-containing lipid into the culture medium?.8.

Cells were grown in a 3, glycerol-mineral salts medium® for oo h at 32°. The
cells were harvested by centrifugation and washed with 0.05 M Tris-0.001 M EDTA,
pH 8. The washed cells were suspended in 0.05 M Tris—0.01 M MgCl,~0.001 M EDTA,
pH 8, and ruptured by 18-min treatment in a 1o kc magnetostriction oscillator.
Intact cells and large particles were removed by centrifugation at 20,000 - g for
20 min.

When the sonic extract was incubated with TTP and a-glucose 1-phosphate,
followed by isolation of the nucleotides by adsorption on charcoal and chromatog-
raphy in the neutral ethanol-ammonium acetate solvent?, a new nucleotide spot

Abbreviations: Tris, tristhydroxymethyl)aminomethane; TMP, thymidine s’-phosphate;

TDP, thymidine s’-diphosphate; TTP, thymidine s'-triphosphate; DPN, diphosphopyridine
nucleotide;; DPNH, reduced diphosphopyridine nucleotide; EDTA, cthylenediaminetetraacetate.
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