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sulvated alunnmnn hydride us fullows: A solution
of aluminum hydride it dietliyl etlier is prepared
in the usual fashiot® and filtered prouwptly (befure
polymerization can occur) through sintered glass
under nitrogen into an inert liquid, wlhiclt is not a
solvent. Pentane and ligroin have becn found to
be suitable. It is csseutinl that the hydride solu-
tion be rapidly mixed with it reliatively lLirge
valutte of this tnrert liquid (at lestst 100 1. for each
gram of alumimun hydridce); a satisfactory method
is to run the salution in a thin film down u wire
while the precipttant is vigorously stirred by
magnetic stirrer. Precipitittion s instantineaus
atid a very fluffy product results.

The bulk of the ether-precipitant mixture is
reiaved by vacuum, and the apparently dry residue
15 subjected to high vacuusn at roow terperature.
At least twelve hours are ordinarily required ta
remove all volatile material from the product.
During evacuation, 1t is beneficial to grind and stir
the product by nteans of the mnagnetic stirrer.

Alunnnum  hydride sawmples prepared i the
abave 1amter were jmalyzed for aluminum by
precipttation j1s the 8-hydroxyquinolinate and for
hydrogen by measuring tlie gas evalution pirnduced
by a water-dioxatie mixture.

Anal. Caled. far AlH;: Al 80.93; H, 10.07.
Found, for a saniple precipitated by ligroim: Al,
R0.2K%; H, 9.96.
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ENZYMATIC SYNTHESIS AND BREAKDOWN OF
POLYNUCLEOTIDES; POLYNUCLEOTIDE PHOS-
] PHORYLASE!

Sir:

In the course of experiments an biological phos-
phorylation mechanisims? it was found that extracts
of Azotobacter vinelandii catalyze a rapid exchange
of P3-labelled orthophosphate with the terminal
phosphate of ADP,® IDP, UDP, CDP and (less
rapidly) GDP. There is no reaction with the
carrespouding ttucleoside triphosphates or mwona-
phosphates (tried ATP, ITP, AMP, IMP). Tle
exchange is accompanied by the liberation of P,
and requires Mg*+. Employing the rate of the
ADP-P; exchange as an assay, the enzyme activity
lias been purified about 40-fold through aimmonium
sulfate fractionation iand Cas(PO,). adsorption
steps. The ratio of the rates of ADP-P; exchange
to P; liberation retnained constant.

On mcubation of the purified enzyme with IDP,

(1) Supporled by granls from 1he U, 5. Public Heallh Service, 111
American Cancer Sociely (recommenited by 1he Commil tee on Growlh,
Nalional Research Council), 1he Rickeleller Fwndalion, and by a
conlrael (NGourd7h, T.0. 6) belween 1he Office ol Nuval Research aml
New York Universily College ol Medicine. Presenled al 1he Ajuil,
1935, meeling 1l 1he Federalion ol American Socielies tor Experimenial
Biology in San Franeisco.

() M. Grunberg-Manago and §. Qchua, Fed. Proc., 14, 221 (1933).

(3) Abbrevialivns: diphospbales of adenvnsine, inusine, gnanosine,
urilline, and eylidine, ADP, 1DP, GDP, UDP, and CIPP; orlhisphos-
phiale, Pi; ailenosine and inosilte monophusphales, AMP, and IMP;
ingsine-2'- and 3’.monophosphales, 2/-1MI and 3'-1MP; inosine
iliphospbulase, [ DPase; Irichloroacelie aciil, TCA; Iris(liyslroxy-
mrlhvDaminomel hane, ‘Tris; specilir aclivily, SA; utivromnles g M.
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it tle presetice of Mg+, H50~60T0 of the nuclgl'lsi_de
diphospliate disappesrs with liberation of a stoichio-
mretric snount uf P The mnssing nucleotide 1s
accounted for by a water-soluble, non-dialyzable
product which is precipitated by TCA or alcohol.
Its solutions arc rather viscous and exhibits a
typicil nucleatide ultraviolet absorption spectrutit.
Judging fram its cliromatographic bchavior o
Duwex jutton exclrange calumns® the nmaterial is
strotgly actdic. 1t yields IMP (Fig. 1) on mild
stlkaline hydralysis® and thus sappeirs tu be an
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Fig. |.—Identification of produrt of reartion of IDP with
Azofmhycter enzyine by paper rltromatography. Solvent
systein of Krels and Hrns®; spotslocated by UV absorption.
The three degrees of shading indicate strong, mediutt, and
weak absorplion respertively; 007 mg. of enzyute (SA, 12)
inrnlater] 90 minntes at 30° with 25 M. IDP, in the pres-
esce of 12 uM. MgCl aml B0 #M. Tris buffer, pH 8.1; final
voluine, 2.5 ml. Mixture deproteiitizeil by heating 1 ntiunte
at I00° and equal alignots (without and with hydrolysis
with 0.4 N KOH for 22 Lhours at 37°%) used for chromatog-
raphy. The IDP is coutaminated with simmall aimomits of
A-IMP. Iucubation results in decrease of IDP and ap-
nearaice of an iltraviolet absorbing material which remains
at the origin of the chromatogrim. After alkaliue hydroly-
sis, this material disappears mud is replaced by a product
migrating somewhat faster than 5-IMP. This has been
nlentifird as a mixture of 2’- and 3-IMP. The SA of the
enzynle is itefined as units/iug. protein. Oue eitzyme uuit
catalyzes the exchauge of 1.0 uM., of P1% with ADP i1 fifteent
minutes at 30° under standant assay conditions. SA of
intial enzyme extract was 0.3,

(4) Based on W. E. Cohn, TH1s JournAL, T2, 1471 (19500,

(%) H. A. Krebs and R, Hewmts, Binchen, et Biophys. Acta, 12, 172
(1953).

(6) E. Vischer amil E. Chargaff, J. Biol. (Chen,, 176, T15H (1948);
C. Ii. Carler, Tuis fooaNal, 72, 1166 (11150),
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IMP. 2’- and 3’-IMP have been identified as
products of hydrolysis of the IMP polymer by alkali
and 5-IMP by snake venom phosphodiesterase
preparations.” This identification is based on (a)
paper chromatography with the Krebs and Hems?
and C80AS® solvent systems, (b) liberation of P; on
hydrolysis for 20 minutes at 100° with 1.0 HCl,*
and (c) behavior toward 5'- and 3’-specific nucleo-
tidases.” These results suggest that 53’-mono-
nucleotide units are linked to one another either
through 2’- or 3’-phosphoribose ester bonds, or
both, as in nucleic acid. Similar polymers have
been obtained with the other nucleoside diphos-
phates so far tried (ADP, UDP).

TABLE I

Rraction witH IDP or IMP-

POLYNUCLEOTIDE

STOICHIOMETRY OF

In experiment 1, 1.29 mg. of purified Azotobacter enzyme
(SA, 10) as incubated with 24.8 uM. IDP, in the presence of
12 uM. MgCl, and 90 uM. Tris buffer, pH 8.1; final volume,
2.5ml. Reaction was stopped by heating 1 minute at 100°.
The IDP remaining in an aliquot of the supernatant was
removed by hydrolysis to IMP and P; with an excess (0.08
mg.) of purified ox liver IDPase!® for 40 minutes and the
enzyme destroyed by heating 1 minute at 100°, In experi-
ment 2, an aliquot of the IDPase supernatant was incubated
with 0.65 mg. of the Azofobacter enzyme (at pH 7.4). In
experiment 3, 10.4 uM. (as mononucleotide) of a dialyzed
solution of the IMP polynucleotide (isolated by TCA
precipitation after incubation of IDP with Azotobacter
enzyme as in experiment 1) was incubated with 0.65 mg.
of enzyme (SA, 9) in the presence of 7 uM. MgCl, and 80
uM. Tris buffer, pH 8.1; final volume, 1.4 ml.; temp., 30°
throughout. Values are expressed in uM. per ml. of re-
action mixture. IDP was determined as the P; liberated
by IDPase; P; was determined by the method of Lohmann
and Jendrassik!!; the polynucleotide was precipitated with
TCA, dissolved in buffer, and determined from the light
absorption at wave length 247 mu at pH 7.0. This was
corrected for the absorption ratio mononucleotide/poly-
nucleotide (factor, 1.2) and expressed as mononucleotide.
€247 for IMP was taken to be 13.2 at acid pH.1?

Experi- Incuba- Poly-
ment tion, min, IDP Pi nucleotide
1 0 9.76 1.06
90 4,30 7.10 4.96%
A —5.46 +6.04 +4.96
2 0 0 14.2° 3.19
60 2.3 12.0 1.20
A +32.3 —2.2 —1.99
3 0.69 8.10 7.50
90 1.96 6.74 6.21
A +1.27 —1.36 —1.29

¢ Corrected for losses. * Some P; contributed by Azofo-

bacter enzyme solution.

(7) We are indebted to Dr. C. E. Carter and Dr. L. A. Heppel for
generous gifts of snake venom preparations containing phosphodiester-
ase and 5’-nucleotidase (J. M. Gulland and E. M. Jackson, Biochem.
J., 82, 590, 597 (1938); R. O. Hurst, and G. C. Butler, J. Biol. Chen.,
193, 91 (1951)), and of 3’-nucleotidase (I.. Schuster and N. O. Kaplan,
J. Biol. Chem., 201, 535 (1953)). The latter enzyme was a gift of
Dr. Xaplan to Dr. Heppel,

(8) L. A. Heppel, personal communication, This solvent consists
af 800 ml. saturated ammonium sulfate, 180 ml. sodium acetate, and
20 ml. isopropanol.

(9) C. E. Carter, ref. (.

(10) G. W. E. Plaut, Federaiion Proc., 14, 263 (1955). We are
indebted to Dr. G. W. E. Plaut for a generous gift of this enzyme.
It catalyzes the hydrolysis of IDP, GDP, and UDP but is inactive an
ADP and CDP.

(11) K. Lohmann and L. Jendrassik, Biockem, Z., 178, 419 (1926).

(12) H. H. Kalckar, J, Biol. Chem., 16T, 429 (1947).

COMMUNICATIONS TO THE EDITOR

Vol. 77

The reaction catalyzed by the Azofobacter
enzyme is readily reversible. In the presence of
the enzyme and Mg*+, the IMP-polynucleotide
undergoes phosphorolysis to IDP. Table I shows
the stoichiometry of the reaction with IDP in
both directions. Phosphorolysis by the purified
enzyme of nucleic acid isolated from Azotobacter has
been shown through the incorporation of P;*
and chromatographic identification of radioactive
GDP, UDP, CDP, and ADP. Further, the
labelled GDP and UDP were specifically hydrolyzed
by IDPase.!” The above results indicate that the
new enzyme (or enzymes) catalyzes the reaction.

nX-R-P-P 2 (X-R-P), + nP;

where R is ribose and X may be adenine, hypoxan-
thine, guanine, uracil or cytosine, and suggest that,
in analogy with polysaccharides, reversible phcs-
phorolysis may be a major mechanism in the
biological breakdown and synthesis of polynucleo-
tide chains. Studies of the reaction with mixtures
of several nucleoside diphosphates, the distributiorn
of the enzyme (already known to be present in
other microdrganisms), and further work on its
behavior toward natural nucleic acids, are in
progress.
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A NEW BIOLOGICALLY POTENT STEROID;
1-DEHYDRO-9a-FLUOROHYDROCORTISONE
ACETATE
Sir:

In the course of a study concerned with the
relationship between structure and physiologicul
activity we have prepared four new 9ea-fluorin-
ated!? steroids related to hydrocortisone acetate.
The description of these compounds is the purpose
of this communication.

9-Fluorohydrocortisone acetate (I) was hydro-
genated in methanol over 59, Pd-C. The reduc-
tion product, [m.p. 233-2355°; [alp +65.4°
(CHCY;); end absorption only in the ultraviolet;

anuct 9 792,99 4 (OH), 5.73, 5.79 u (acetylated side

max
chain), 5.95 u (saturated 3-ketone); AGEC" 2.82-

2.96 u (OH), shoulder at 5.75 u, Amax 3.79 u (ace-
tylated side chain), 5.87 u (3-ketone); Found:
C, 65.41; H, 7.67; F, 4.15] formulated as the
allodihydro-9e-fluorohydrocortisone acetate (II)
by analogy with the reduction of hydrocortisone
acetate,® did not show glucocorticoid activity
upon systemic administration.® (II) was treated

(1) J.Eried and E. F. Sabo, THIs JoUurNaL, 76, 1455 (1954).

(2) J. Fried, J. E. Herz, E. F. Sabo, A. Borman, ', M. Singer, and
P. Numerof, 7bid., 77, 1068 (19553).

(3) J. Pataki, G. Rosenkranz and C. Djerassi, J. Biol. Chem., 195,
751 (1952).

(4) The glucocorticoid activities were determined by Drs. C. A.
Winter and C. C., Porter of the Merck Institute for Therapeutic
Research to whom we are very much indebted. Details af these
assiys will be puiblished elsewhere,



