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Fig. 1.

sponding to the position of a synthetic
specimen of phosphoserine was observed.
Serine was completely set free by hydro-
lysis with 2 N HCI at 120° for 24 hours.
When large samples of the hydrolysate
(1 mg) were analyzed chromatographically,
a very faint alanine spot was observed in
addition to the large serine spot. At pre-
sent it is not possible to decide whether the
alanine was present as part of a phospho-
serine peptide in the crystalline prepara-
tion, or formed from phosphoserine during
hydrolysis. The phosphopeptides left in
the residue after crystallization of phospho-
serine are being investigated with the
interest focused primarily on the ques-
tion of whether or not phosphothreonine
is present in the mixture.

The investigation was supported by a grant
from the Swedish Medical Research Council.
The authors are indebted to Mr. W. Kirsten
for the micro carbon and hydrogen analysis,
to Mr. S. Eklund for the nitrogen analysis and
to Mr. E. Lindberg for the phosphorus analysis.
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On Homospecific Liver
Pyrophosphatases
BO NORBERG

Biochemical Department, Karolinska
Institutet, Stockholm, Sweden

Recent investigations! have demonstrated
the existence of four isodynamic pyro-
phosphatases in rat liver. Swanson 2, how-
ever, found only two pyrophosphatases in
rat liver. It therefore seems of interest to
report some further studies on these enzy-
mes in rat liver and in liver of other species.
At the same time a correction regarding the
magnesium ion concentration in the pre-
vious experiments ! is given.

The livers of freshly killed animals were
used throughout. The assay of pyrophos.
phatase activity was performed at 37°C as
previously described }. At pH values below
6 the “third method” was used, 4. e. the in-
organic phosphate liberated was isolated as
hydroxy! apatite before estimation. At higher
pH values the phosphorus was determined
directly on an aliquot of the protein-free fil-
trate obtained according to the ¢second
method”. The pyrophosphate concentration
in the enzym digestion mixture was kept at
10™2 M in all experiments.

For the acid range up to pH 5.8 acetate
buffers were used, from pH 6 to 7.6 cacodylate
buffers (Plumel 3) succesfully replaced maleic
acid and collidine buffers. Over pH 7.6 ammo-
nium chloride-ammonia buffers were used.

The activating reagent was prepared from
a stock solution of molar MgSO, by dilution
with 0.06 M buffer. When a new stock solu-
tion was prepared (autumn 1950) the enzyme
values were lower than before. A check-up
study showed that the Mg ion concentration
giving maximum activation was about 0.01 M
instead of 0.2 M. As the earlier studies were
clearly made with optimal activation con-
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Fig. 1. Acid pyrophosphatases in liver. Dots
and fully drawn line: cat liver. Circles and

dotted line: guinea pig.

centration the old stock solution which was
prepared by a technician, and which I had
not controlled, apparently was only one twen-
tieth of the intended concentration. With the
proper correction my earlier results should be
comparable with other investigations, how-
ever.

The pH-activity curves prepared under
the conditions described show two peaks
in the acid region at about 4.2 and 5.5, as is
evident from Fig. 1. With hamster and
rabbit liver there is a plateau at pH 5 to
5.5. The curve then rises steeply to the
maximum of the neutral pyrophosphatase.
In several experiments with rat and guinea
pig liver the pH 5 enzyme is indicated by
a hump in the curve only. The pH 5
pyrophosphatase may therefore easily be
overlooked.
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Fig. 2. Pyrophosphatases in liver. Dots and
fully drawn line: rabbit liver. Circles and
dotted line: guinea pig.

With collidine (method 3) and with
cacodylate as buffers the neutral pyro-
phosphatase has its maximum at pH 6.6
to 7.0. On the alkaline side the optimum
appears between pH 7.6 and 8 (Fig. 2).
These two pyrophosphatases are some ten
times more active than the acid homo-
specific enzymes with activities from 50
to more than 300 units per g liver (1 unit =
1 micromol of phosphorus liberated per
minute in the test system).

Distinction of the homospecific pyrophos-
phatases by other properties than the pH
optima is possible, e. g. through selective
inactivation 4 or inhibitionl. The pyro-
phosphatase pH 4 is inhibited by 0.01 M
Mg+t+ from 10 to 54 9% in guinea pig liver.
The pH 5 pyrophosphatase, on the other

Table 1. Pyrophosphatase activities before and after acetone precipitation. Expt. 143 aqueous
homogenate pH 6.88. Expt. 193 homogenate in 0.2 Y% ammonia and 0.003 M MgCQl,. Expt.
223 homogenate in 0.2 % ammonia pH 9.2.

I. Activity at pH 5.2 II. Activity at Activity ratio
pH 6.8 I/11
Expt. no. 143 193 223 143 193 223 143 193 223
Original homogenate 22.0 18.6 20.2 100 99 67.7| 0.22 0.188 0.298
40-—175 9, acetone ppt 8.41 445 0.26 23.9 65.6 3.75| 0.35 0.068 0.07
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hand, is activated considerably, the in-
crease in activity amounting to about
200 %. As the neutral pyrophosphatase is
also strongly activated by magnesium it
seems essential to demonstrate the mutual
independence of the pyrophosphatase 6 and
the neutral one. This was tried on rat liver
homogenates by fractional precipitation
with acetone at 0° C. Comparison between
the original activities and the activities of
the proteins precipitated by 40 to 75 %
acetone demonstrates the requested in-
dependence as appears from Table 1. The
activity ratio may be changed in opposite
directions by slight changes in pH etc.
This means that the two enzymatic activi-
ties are differently affected, <. e. a selective
partial inactivation occurs.

This is further evidence for the existence
of an acid pyrophosphatase with optimum
at pH 5— 5.5 in addition to the three earlier
known isodynamic enzymes. The enzyme
seems to be present not only in rat liver
but also in the liver of guinea pig, ham-
ster, rabbit and cat.

This investigation has been supported by
funds from the State Medical Research Council.
I am .indepted to P. O. Bethge for technical
assistance.

1. Norberg, B. Acta Chem. Scand. 4 (1950) 601.
2. Swanson, M. A. Personal communication.
3. Plumel, M. Bull. soc. chim. biol. 30 (1948)
129,
4, Bamann, E., and Gall, H. Biochem. Z. 293
(1937) 1.
Received April 2, 1951.

New Salts of Benzylpenicillin with
Organic Bases
LARS NATHORST WESFELT
Centrallaboratoriet, Astra, Sodertilje, Sweden

It is known that benzylpenicillin forms
crystalline well defined salts with several
organic bases, and salts with secondary !
and tertiary 14 as well as primary 1,677
amines have been described.
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~In an attempt to find bases, which might
be useful for the isolation of penicillin, a
further series of organic amines have been
investigated. The penicillin salts were all
prepared in essentially the same way;
namely, by the addition of a slight excess
of the base, dissolved in acetone to a solu-
tion of pure free benzylpenicillin in amyl
acetate-acetone. Some of the salts separa-
ted in crystalline form, others as oils, as
shown in the following table.

Reaction product

Base with benzyl-
penicillin

N-Monomethylethylene-

diamine 8 oil
N-Monoethylethylene-

diamine 8 ' »
2-Methylimidazoline ¢ crystals
2-Ethylimidazoline ? oil
2-Propylimidazoline ® crystals
2-Amylimidazoline ? oil
2-Benzylimidazoline »
2,4(5)-Dimethylimida-

zoline »
2-Ethyl-4(5)-methyl-

imidazoline crystals
2-Propyl-4(5)-methyl-

imidazoline - »

The preparation and properties of the
dialkylated imidazolines referred to will be
described in a forthcoming communication
in this Journal.

Only one example of the preparation of
the benzylpenicillin salts will be given in
detail.

The 2-propylimidazoline salt of benzyl-
penicillin. 5.0 g of sodium benzylpeni-
cillin was dissolved in 20 ml of water at
0—5°C, 40 ml of cold amyl acetate was
added, and then, with vigorous shak-
ing, 4.6 ml of 60 9 phosphoric acid.
The aqueous layer was separated and
extracted with an additional 10-ml por-
tion of cold amyl acetate. The combined



