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Table 2. Interatomic distances in Pd;Pq g5 (4).
(Distances shorter than 3.5 A listed).

Pd; 1 Pdy; ‘ P
277, 2.85,, |2.83,,2.92,(2.30,,2.39,,
Pdy| 2.88,(2),3.10,(2)|2.920.2.935,  2.59
3.1,
2.83,(2),2.925(2)] 3.22,(2) |2.304,2.30
Pdyy| 2.92,(2).2.934(2) 3.14,
3.21,(2)
2.30,(2),2.39,(2)[2.304,2.30,,
P | 2.59(2) 3.14, -
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Studies on Rennin
V. Chromatographic Purification of
Prorennin
BENT FOLTMANN
Carlsberg Laboratory, Copenhagen, Denmark

The first paper in this series ! described
the preparation of partly purified proren-
nin obtained from dried calf stomachs by
extraction with a 2 9 solution of sodium
bicarbonate. After clarification with alu-
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Fig. 1. Chromatography of partly purified
prorennin on DEAE-cellulose involving step-
wise elution with phosphate buffers of pH
5.8—5.7; 0.10 M, 0.13 M, 0.17 M, 0.20 M, and
0.25 M. Load 20 mg, column 0.9 X 11 cm.
Flow rate 4 ml/h; fractions of 2 ml. O pre-
formed milk-clotting activity (RU/ml). @ milk-
clotting activity after activation. Experimen-
tal points have been omitted from the extine-
tion curve of H,,3 for the sake of clarity.

minium sulphate and disodium hydrogen
phosphate, the extract was precipitated
twice by saturation with sodium chloride.
Paper electrophoresis indicated that ap-
proximately 50 % of the protein in the
second precipitate was prorennin, but
attempts at further purification by salt
fractionation failed.

The investigations have been continued
by chromatographic fractionation of the
partly purified prorennin on columns of
diethylaminoethylcellulose (DEAE-cellu-
lose) as described by Peterson and Sober 2.

Commercial products of DEAE-cellulose
were used (Bio-Rad lot No. CXD %! and
Eastman-Kodak lot No. 7392). The partly
purified prorennin was prepared as earlier
described. After removal of the NaCl by dialy-
sis the sample was applied to a column of
DEAE-cellulose previously equilibrated with
0.10 M phosphate buffer of pH 6.8, Fig. 1
illustrates such an experiment with elution
carried out by stepwise increase of the phos-
phate concentration from 0.10 to 0.25 M. The
concentration of protein is expressed by the
optical density at 278 mu. For assay of the
potential milk-clotting activity, 200 ul of each
fraction was mixed with 200 ul 0.4 M acetate
buffer of pH 4.1 and kept 24 h at 25°C to con-
vert the prorennin to active enzyme before the
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clotting test was performed. The milk-clotting
activities of the activated fractions of prorennin
and of preformed rennin are expressed in
rennin units (RU) according to Berridge 3.

The chromatogram in Fig. 1 shows that most
of the inert material from the partly purified
prorennin passed the column as & high, narrow
front peak. Without previous activation the
peak which was developed after buffer shift
to 0.13 and 0.17 M phosphate had only a faint
milk-clotting activity (as these tests were
carried out with a very high potential activity
in the reaction mixture, the clotting observed
might be due to activation taking place during
the tests). After activation, however, the ratio
between potential activity and optical density
was constant (within experimental error) across
the peak, approximately 90. After further
change of the buffer concentration to 0.20 M
and 0.25 M phosphate, smaller pesks containing
preformed rennin were developed.

For preparation of larger amounts of pro-
rennin, 4256 mg freeze-dried, partly purified
prorennin was dissolved in 5 ml 0.01 M phos-
phate buffer of pH 6.1 and applied to a column
of DEAE-cellulose (2 X 15 cm) previously
equilibrated with 0.1 M phosphate buffer of
pH 5.8. The elution was started with 0.1 M
phosphate buffer. As expected from the small
scale experiment, most of the inert material
passed the column in the first 150 ml of eluate.
After 280 ml of eluate, the concentration of
the eluent buffer was increased to 0.20 M.
This rapid increase of the buffer concentration
resulted in a very sharp peak with concentra-
tions of prorennin up to 3 mg/ml. The fractions
containing the prorennin were pooled, dialysed
against 0.001 M phosphate buffer of pH 6.6,
and freeze-dried. In this way about 150 mg
chromatographically purified prorennin was
prepared.

A 16.8 mg sample of this preparation was
chromatographed on a column of DEAE-cellu-
lose by the same technique as in thefirst experi-
ment. The preparation proved to be slightly
inhomogeneous, but about 85 9, of the total
optical density at 278 my is represented by the
peak containing the prorennin activity (Fig.
2a). Another 13.7 mg of the chromatographic-
ally purified prorennin was dissolved in 2 ml
of water, and 0.1 N HCl was added to a final
pPH of 2.1. After 1.5 h at 22°C, the sample was
neutralised by addition of 0.1 m10.5 Mdisodium-
hydrogenphosphate. The neutralised sample
was applied to & column of DEAE-cellulose and
chromatographed by the same technique asin
the foregoing experiment. The results are
illustrated in Fig. 2b.

From Fig. 2 it is seen that the front peak of
inactive material is increased from 8 9, of the
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Fig. 2. a. Rechromatography of chromato-
graphically purified prorennin. b. Chromato-
graphy of the same preparation after activation
at pH 2.1. Columns of DEAE-cellulose (0.9 X 13
cm). Stepwise elution with phosphate buffers,
pH 5.8—5.7; 0.10 M, 0.156 M, 0.20 M, and 0.25
M. Flow rate 6 ml/h; fractions of 3 ml. O
milk-clotting activity (RU/ml). @ milk-clott-
ing activity after activation. Solid line: optical
density at 278 mu. Dashed line: ninhydrin
color according to Moore and Stein ? (0.5 ml
sample + 0.5 ml reagent diluted with 10 ml of
ethanol).

total optical density of the unactivated pro-
rennin (Fig. 2a) to 15 %, in the activated sample
(Fig. 2b), and further that the ninhydrin reac-
tion of the same peak is much increased, sug-
gesting that one or more tyrosine-containing
peptides are split off from the prorennin during
the activation.
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The prorennin peak has disappeared in Fig.
2b, and in the peak which contains the rennin
activity it is possible to recognize three com-
ponents similar to the A, B, and C rennins
obtained from rennin crystals. Furthermore,
the specific activity (¢.e. RU/ml/E,;s) varies
over the rennin peak in a similar way as in
chromatography of rennin crystals (Folt-
mann ¢),

An experiment was carried out after only
15 min. of activation at pH 2. Chromatography
of the reaction mixture thus obtained revealed
approximately equal amounts of A and B ren-
nins and only traces of C. On the basis of this
experience it may be surmised that the diffe-
rent rennins are formed from the same pro-
rennin, perhaps by consecutive reactions as in
activation of chymotrypsinogen.

The chromatographically purified pro-
rennin was labelled with fluorodinitroben-
zene by the Sanger method 8. After 7 h
of hydrolysis in constant boiling, glass-
distilled HCl at 110°C, the DNP-amino
acids formed were analysed by paper chro-
matography according to Levy ¢ In this
way alanine was found as NH,-terminal.
With the use of an internal standard of
DNP-alanine which was treated in the
same way as the DNP-prorennin, & semi-
quantitative assay indicated 1 mole of
DNP-slanine per 60 000 g of DNP-proren-
nin. Allowing for the weight increase due
to DNP groups, this corresponds to & mol-
ecular weight of 40 000—50 000 for the
prorennin.

In ultracentrifugation the chromatogra-
phically purified prorennin showed one
slightly asymmetrical peak. The sedimen-
tation constant was increased by increas-
ing concentrations of prorennin, suggesting
the formation of dimers in the more con-
centrated solutions. By extrapolation to
zero concentration, Ss,w was found to be
3.5.

The chromatographic behaviour of pro-
rennin and rennin is consistent with the
earlier observation (Foltmann !) that the
isoelectric point of prorennin is higher than
that of rennin since compounds with higher
isoelectric points would be expected to be
eluted first in the technique used.

Further studies on prorennin and its activa-
tion will appear in the Compt. rend. trav. lab.
Carlsberg.
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Chromatographic Analysis of
Sugars as Complex Borate Ions

ANUND HALLEN

Chemistry Department II, Karolinska Insti-
tutet, Stockholm, Sweden

As demonstrated by Khym and Zill %,
neutral sugars can be separated chro-
matographically on an anion exchange resin
as borate complexes, when elution is per-
formed with dilute borate buffers. However,
although they used small columns (0.5 x 11
cm) the effluent volumes of the monosac-
charides became very large (500 —1 500 ml).
This is obviously a disadvantage in the
analysis of small amounts of sugars. A
modification involving elution at & higher
ionic strength has therefore been worked
out. Fig. 1 shows a typical chromatogram,
including galacturonic acid and glucuroniec
acid, of which the separation has been
reported by Khym and Doherty 2.

The components were obtained in 100 %,
yield (error of method + 10 %). In parallel
with the relative rates of migration of the
sugar-borate complexes in high-voltage
paper electrophoresis 34, lyxose was eluted
together with mannose, ribose together
with fucose, arabinose together with ga-
lactose, and xylose together with glucose. It
thus seems necessary to use specific colour
reactions 5! for the differential analysis of
such sugar pairs. Keto sugars give a low
colour yield in the aniline reaction used.

Ezperimental. The sugars (0.2—0.8 mg of
each component) were dissolved in a total



