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2. The optimum pH for the decomposition of

phenolphthalein glucuronide by the enzyme was
6*1.

3. Irreversible inactivation of the enzyme
occurred on incubation for a short period at a pH
lower than 6 or higher than 7.

4. On the assumption that the rate of liberation
of phenolphthalein from the glucuronide was
governed by a single reaction a value of 3 05 x 10- m
was obtained for the dissociation constant of the
active enzyme-substrate complex. Excess substrate

caused pronounced inhibition of the enzyme. The
inactive complex contained two substrate molecules
per active enzyme centre, and the second dissociation
constant was 00126M.

5. Saccharate caused only slight inhibition of the
enzyme in comparison with its effect on animal
,-glucuronidase.
The authors wish to express their gratitude to Dr A. E

Oxford for assistance and advice in microbiological aspects of
this work, and to Dr A. T. Phillipson for the supply of sheep
with rumen fistulae.
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During a study of the partial hydrolysis of ribo-
nuclease (Porter, 1950), it became necessary to
separate enzymically active products from the
original enzyme and other substances. In some cases
the degradation appeared to be slight and little
change in solubility or other physical properties
seemed to have occurred. Conventional methods of
protein purification, such as precipitation with salts
or organic solvents proved unsuccessful, and
attention was therefore turned to partition between
two liquid phases. The system anmmonium sulphate-
water-ethanol was used very successfully by
Herbert & Pinsent (1948) in the purification of
bacterial catalase. In some preliminary experianents
with haemoglobin (Martin, 1949), the system
ammonium sulphate-water-ethylene glycol mono-
ethyl ether ('cellosolve') was found to be less likely
than most to cause denaturation. This system was
therefore chosen for investigation, though ribo-
nuclease is so stable a protein that many systems
may well be satisfactory. In one case, however, the
ratio of the partition coefficient of ribonuclease to

that of the aggregate of its hydrolysis products was
about 3:2. This system could yield a satisfactory
separation only with the aid of a counter-current
extraction train ofvery high efficiency, or ofa parti-
tion chromatogram. The latter was chosen, using
kieselguhr to support the stationary phase, since
cellulose, starch or precipitated silica would have
probably too fine a structure to admit a protein
molecule.

These columns proved very successful, and re-
vealed the presence of two enzymically active com-
ponents in the original crystalline ribonuclease.

MATERIALS

Ribonualease was prepared from ox pancreas by the
method of Kunitz (1940) and also by the modified procedure
of McDonald (1948). It was recrystallized several times and
was homogeneous in the Tiselius electrophoresis apparatus
at pH 7-4 and 8*5.
The kieselguhr was Hyflo Supereel obtained from the

Johns Manville Co. Ltd., London. It was used without pre-
treatment.
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METHODS

Ribonuclease assay was carried out as described by
Kunitz (1940). The activity of the enzyme prepara-
tions is expressed in the nuclease units (N.u.) of
Kunitz. One N.u. is the activity which gives rise
under standard conditions to the formation of
1 x 10-3 mg. of soluble phosphorus per ml. of di-
gestion mixture in a range of concentrations of
enzymes where the amount of soluble phosphorus
formed is proportional to the concentration of
enzyme used.
The relative protein concentration of the concen-

tration of the eluates was followed by measuring the
absorption at 275 my. in a Beckman photoelectric
absorptiometer.

Choice of 8olvent mixture and preparation
of the chromatogram

The phase diagram of the system (NH4)2S04-water-
cellosolve (Fig. 1) was determined by titrating a saturated
solution of (NH4)250, in water with cellosolve until a faint
opalescence showed the presence of two phases. Water was

then added and the titration continued. The tie lines were

determined' from the (NH4)2,04 content of both phases of a
number of arbitrary mixtures.
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% water

0 10 20 30 40 50 60 70 80 90 100
% (NH4)IS04

Fig. 1. Phase diagram of the system a-mmonium sulphate-
water-ethylene glycol monoethyl ether at 20°.

Using the phase diagram a nulmber of mixtures were
chosen and tested. The choice was restricted by the limited
solubility ofthe enzyme in aqueous phases having a high salt
content, since the assay was disturbed by excess of(NH4),S04,
and the sample had to be diluted considerably before test.
Three mixtures used successfully had the following com-
position (by weight):

(a) Water, 47 %; (NHA)2SO4, 16-5%; celaosolve 36-5%
(b) Walter, 55 %; (NH4)2S04, 15%; cellosolve, 30%
(c) Water, 56%; (NHOA0S4, 20%; cellosolve, 24%
Of these mixtures (c) was perhaps the most useful and has

been employed in much of this work.

The partition coefficients of the crystalline enzyme in two
of the mixtures were (a) 10, (b) 6 in favour of the upper
(cellosolve) layer. The organic phase had, therefore, to be the
stationary one, and the aqueous the mobile phase. For
reasons not fully understood the kieselguhr was wetted
preferentially by the organic phase, and it was therefore un-
neceasary to use silane-treated silica (Howard & Martin,
1950). Indeed it has not as yet proved possible to produce
oolumns with the aqueous phase stationary.
The column is prepared by mixing the kieselguhr with half

its weight ofthe organic phase, making this into a slurry with
excess of the aqueous phase and pouring into the chromato-
gram tube. For most of the work columns containing 6 g. of
kieselguhr in a tube 1*2 cm. internal diameter were used.
Such a column can conveniently handle 1-5 mg. ribonuclease
dissolved in 2 ml. of aqueous phase.

RESULTS

The elution of the enzyme was followed both by
estimating the absorption at 275 mit. and by
estimating the activity. In Fig. 2 it can be seen that
these follow each other closely, but that two distinct
peaks are visible instead of the single peak expected.
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Fig. 2. Chromatogram of ribonuclease. System: 20g.
(NH,)2SO4, 24 g. cellosolve, 56 g. water; 6 g. silica column.

, enzymic activity; -----, absorption at 275 miA.

In Fig. 3 are shown the elution curves of the same
enzymic material using different solvent mixtures.
It will be observed that the relative pjroportion ofthe
two components as judged from the area beneath the
peaks remains approximately constant, although the
degree of separation varies considerably.
As it therefore appeared that the enzyme existed

in two forms it was necessary to decide whether
either could be an artifact of the column or of the
method of preparation of the enzyme from the
pancreas. Material concentrated from the eluate
containing either peak could be re-run upon the
chromatogram to give a clean single peak, showing
that no alteration was occurring here.
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FRACTIONATION OF RIBONUCLEASE
In the preparation there are two apparent ways in

which degradationmight occur. First, inMcDonald's
modification of the Kunitz method of preparation,
proteolytic activity, always present as contaminant
in the older method, is destroyed by heating at 1000
for 10 min. It was possible that some hydrolysis of

70
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Fig. 3. Chromatograms of ribonuclease. ( ®, system:
15 g. (NH4)2SO4, 30 g. cellosolve, 55 g. water; 6 g. silica
column; E-E1, system: 20g. (NH4)2SO4, 24 g. cellosolve,
56 g. water; 6g. silica column; A- * - * -,A system: 16-5g.
(NH4)2SO4, 36-5 g. cellosolve, 47 g. water; 3 g. silica
column.

amide groups or some other type of degradation
might occur. Ribonuclease was therefore prepared
omitting this step; nevertheless, two peaks were still
present in the same ratio. As further confirmation,
the main peak was collected from a chromatogram,
heated to 100° for 15 min. and again run. Once more
only a single peak appeared and in the same position
as before heating.
The other probable explanation of the appearance

of the second peak was that the powerful proteolytic
enzymes of the pancreas caused some hydrolysis of
the ribonuclease during the initial extraction. The
method of preparation is a series of ammonium
sulphate precipitations of a dilute sulphuric acid
extract of the minced gland. Most of the work was
carried out in a cold room until final crystallization,
but as it continued over 5 or 6 days, proteolytic
action could not be ruled out. An alternative method
of preparation was therefore devised. The pancreas
was taken immbdiately after slaughter and covered
with solid carbon dioxide. The frozen glands were
allowed to thaw sufficiently to be homogenized with
2 vol. 0-5M (8 %, w/v) trichloroacetic acid in a

Waring blender. This extraction was repeated and
trichloroacetic acid was added to the combined
filtrates to give a final concentration of 10% (w/v).
The precipitate, which was readily soluble in water,
contained most of the original ribonuclease activity.
After dialysis against water in the cold it was freeze-
dried. It seems unlikely that during this method of
preparation any proteolysis could have occurred and

from the activity: nitrogen ratio the mnaterial
appeared to be about 30-50% pure. Fig. 4 shows the
chromatogram obtained with this material and it can
be seen that again the smaller component appears in
the same position, though perhaps in a larger
relative amount.
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Fig. 4. Chromatogram of ribonuclease prepared by the
trichloroacetic acid method. System: 20 g. (NH4)2S04,
20 g. cellosolve, 56 g. water; 6 g. silica column.

DISCUSSION

Comparison of the partition coefficient derived from
the rate ofmovement of the bands (Martin & Synge,
1941) and that measured directly shows that the
columns are not behaving simply as partition
chromategrams. The bands move much more slowly
than expected. (Expected R= (a) 0x28, (b) 0-45.
FoundR = (a) 0-08, (b) 0.30.) Since in the absence of
the stationary phase the kieselguhr shows no ad-
sorption, adsorption must be occurring in the inter-
face between the two liquid phases. As might be
expected, the discrepancy is greater, and hence
adsorption also, with solvents of high salt content.

Perhaps related to this adsorption into the inter-
face is the surprising efficiency of the separation,
which is indeed about what would be expected with
small molecules on the same columns, and this is in
spite ofthe fact that the rate offlow ofthe liquid was
certainly no slower than normal. If the bulk of the
proteins were not in the interface, its low diffusion
constant should causelowseparation efficiencyunless
the flow rate was extremely small.
From the evidence presented it seems reasonable

to conclude that ribonuclease exists in beefpancreas
in two distinct forms; recrystallization failed to
eliminate the smaller component, though ifrepeated
often enough this might be possible. It has been
shown previously that proteins with the same
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specific biological activity when isolated from
different species may differ chemically. The haemo.
globins are an example of this (Porter & Sanger,
1948), and it is clear that some variation in structure
may occur in such a series of compounds without the
specific action being greatly modified. From
solubility studies, Desreux & Herriott (1939)
postulated the existence of at least two components
in swine pepsin, both of which possess enzymic
activity. It is probable that the duality of ox
ribonuclease is a similar phenomenon. As a similar
composition was found for a number ofpreparations
made from small numbers of pancreases obtained.
over 12 months from different slaughter houses, it
would seem that the two forms exist together rather
than that individual animals have wholly one or the
other type. The structural differences which alter the
chromatographic behaviour have not yet been in-
vestigated and may well be subtle enough to escape
detection by the technique at present available.

From the aspect of protein structure these results
would appear to give support to the idea of the
existence of families of nearly identical proteins
(cf. Synge, 1950).

SUMMARY

1. A partition chromatogram using the two
liquid phases produced by mixtures of ammonium
sulphate, ethylene glycol monoethyl ether ('cello-
solve') and water has been devised with kieselguhr
used as the inert support.

2. On such chromatograms crystalline ribo-
nuclease gives without difficulty zones having con-
venient rates and symmetrical form. It was found to
contain two enzymically active components in the
approximate ratio 10: 1.

3. Evidence is presented which suggests that both
forms pre-exist in ox pancreas.
We wish to thank Mrs A. Dovey for her electrophoretic

examination of ribonuclease. I
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Inhibition of Alkaline Phosphatase by Oestradiol Phosphates
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In a preliminary report Aldinan, Diczfalusy &
Rosenberg (1948) have shown that kidney alkaline
phosphatase is inhibited by some phosphoric acid
esters ofthe oestrogenic steroids. In this paper more
detailed data are presented as to the specificity,
reversibility and mode of inhibition.

MATERIALS AND METHODS
Enzyme. The enzyme was prepared, as previously, from the

kidneys ofyoung rabbits, using with slight modifications the
method described by van Thoai, Roche & Sartori (1944). In
the course of repeated fractionations it was found that the
enzymic activity of the crystalline material decreased
simultaneously with increasing activity of the mother
liquor, confirming thus the results ofAbul-Fadl, King, Roche
& van Thoai (1949), according to which the crystals consist of
inorganic material with enzyme adsorbed on it. In some

experiments electrophoretically purified enzyme has been
used.

Substrates. The following substrates have been used:
phenyl phosphate, P-glycerophosphate and glucose-6-
phosphate (the last-named compoundwas kindly supplied by
Dr 0. Lindberg, Wenner-Gren Institute, Stockholm).

Analytical methods. Phenol was determined with Folin's
reagent as described by Buch & Buch (1939), inorganic
phosphate according to Lowry & Lopez (1946), and in some
instances with a modified Martin & Doty (1949) method.
The measurements were carried out in a Beckman spectro-
photometer.

Conditions of enzyme experiments. Enzyme activity deter-
minations were carried out within the pH range 7-0-11-0,
using a 0-04m-borate-carbonate-acetate buffer. Reaction
volume, generally 2-5 or 5-0 ml.; incubation time, 10 or
16 min. at 37°. Enzyme concentration, 1 0jug. ofprotein/ml.,
or less.


