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globin reduction and has a different pyridine nucleotide specificity. Furthermore,
extracts prepared by their method of treatment of hemolyzates with chloroform and
ethanol, or by boiling, were inactive in our system.
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Pyrophosphate formation in cell-free extracts of Escherichia coli

In respiring cells of Acetabactey suboxidans, yeast?, and Merulins lacrymans?, the acid-
labile phosphate in PP has a more rapid turnover than that in ATP and the other
nucleoside di- and tri-phosphates. This suggests that the formation of PP is to some
extent independent of ATP, and consequently arises by some separate phosphorylating
pathway.

Intact cells of Esclerichia coli behave similarly to other micro-organisms studied.
PP is rapidly labelled when E. coli cells respire in the presence of 3P;. ATP is more
slowly labelled. In the presence of excess carrier Py, the specific activity of PP ap-
proaches about half the specific activity of P;, while the specific activity of ATP
approaches that of PP.

Cell-free extracts of E. coli contain a verv active PPase, which rapidly splits
added PP. The extracts contain, however, a small amount of PP, which seems to be
protected from the action of the hydroiyzing enzyme, This PP fraction is rapidly
labelled by added 32P),

An extract of E. ¢ofi was madce by treating the cell paste in agueous suspension
with an ultrasonic vibrator. The pH in the liguid after ultrasonic treatment was close
to 5.5. The suspension was first freed from remaining cells, then centrifuged at 10,000
x g for 10 h, and then the specd was increased to 35,000 < g for 45 min. The preci-
pitate was resuspended in Tris buffer, pH 8.0, to give a highly viscous liquid of pH 7.5.
After centrifugation at 35,000 = g for 45 min, a slightly turbid, reddish supernatant,
and a ropy precipitate were obtained. Tlhe supernatant was used in these experiments
te study the incorporation of 32P; into PP and ATP. Endogenous respiration and
phosphorylation was high. In some experiments alcohol dehydrogenase, DPN, and
alcehol were added to test the effect of DPNH.

Abbreviations: PP, inorganic pyrophosphate; I, inorganic orthophosphate; ATP, adenosine
triphasphate; ADT, adenosine diphosphate: Tris, tristhydroxymeihyl)aminomethane; PN,
THPPNF, oxidized and reduced diphosphopyridine nucleotide,
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TABLE I
INCORPORATION OF 2P 1mv1e PP, ATP, axp ADP in EXTRACTS 0F Eschevichia coli

Each flask contained: 30-50 ml extract, pH 7.5 (1.5—2.09%, protein}, o.co1 M ethylenediamine

tetraacetate, and o.003 A7 Mgt~. The flasks were shaken at 37°, and carrier Py (30-100 pmoles),

50 pymoles ADP, and 100 pC 2P, were added in that order. The time was measured from the

addition of 32P;, to the interraption of the experiment by the additivn of trichloroacetic acid to

a final concentration of 59%,. Protein was removed by centrifugation, aliquots were taken for

determination of P and radioactivity, 500 gmoles P, were added, the phosphates were isolated
as barium salts, and fractivnated as described earlier!.

Tacuhation Specific activity (connts min ponale acid-labile )
Expr. time - .- SR
{sec) Py PP ATP AP
ot 30 11,300 1,340 1,070 6534
2 6 14,300 1.540 1413 472
3o 14, lo0 2,480 3,600 2,533
180 10,350 +4.540 8,440 8,700
3 4 24,700 7,150 5,350 3,710

* Extract stored for one week at — 57,

Table 1 summarizes the results of some experiments designed to test whether
PP is mostly labelled through ATP, or receives its isotopit. P by some independent
pathway.

With short incubation times PP was found to have a higher specific radioactivity
than ATP, whereas after continued incubatior ATE became the most radieactive.
This is incompatible with any mechanism of pyrophosphate formation via ATP as
an intermediate. The specific activity of PP was found to level off at ahout half the
activity of P;, and rise only slowly above that valune.

In rontrast to what happens in intact cells, the specific zu’:tivity of ATP in the
extract rapidly rose above the activity of PP, reaching a level of about go ¢, of the
activity of I*), This indicates a direct phosphoryiation of ADP, either on substrate
fevel, or perhaps linked to electron transport. The fuilure of ATE to reach the specific
activity of P, may indicate that part of the ATP is formed from PP, for example
thirough a polynuciéotide pyrophosphorylase.

The oxidative state ot the extracy was found to influence the amount and turnover
rate of PP. Anaerobic conditions, and the addition of a DPNH-gencrating system,
reduced the amount of PP, and the rate f incorporation of 3P into PP, compared
1o an aerobically-incubated control without added DPNH. This indicates that the
PP-protecting agent in the extract may e identical with the oxidized form of a
respiratory enzyme. Recently WADKINS AxD LEHNINGER® reported that the rate of
incorporation of 2P into ATP in digitenin extracis of mitochondria i= reduced under
anaerobic condirions.
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