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ipeptides of the general constitution

X.-1-proline, where X is an amino acid,
contain a special type of peptide linkage,
since proline is bound via its imino group.
In 1937 Bergmann and Fruton! using
glycyl-L-proline as a substrate, recognized
an enzyme in the pig intestinal mucosa,
which was capable of splitting this peptide
bond. The enzyme, prolidase (E.C.3.4.3.7),
has later been shown to be present in many
other tissues.?”* Attempts to purify it have
been reported, employing pig intestinal
mucosa,® horse erythrocytes,® and pig
kidney,” as sources of the enzyme. Of these
only the last one gave a considerable
purification. More recently, Dehm and
Nordwig ® have reported purification of a
particle bound enzyme from pig kidney
which splits glycyl-L-proline bonds. Purifi-
cation of a similar enzyme from K. coli has
been described.?

The present report describes purification
of a prolidase from pig intestinal mucosa.
Prolidase activity was determined spectro-
photometrically using L-alanyl-L-proline
(Sigma, Lot No. 47 B-1850) as sub-
strate.!®! The assays were performed at
optimal pH and 25°C. No metal ions were
added. One unit (U) of prolidase activity
is defined as the activity hydrolyzing 1
pumol/min of L-alanyl-L-proline at 25°. As
an indication of enzyme purification, the
ratio of U of activity/ml to 280 nm ab-
sorbancy was chosen. All preparative steps
during the purification were carried out in
the cold room. The buffer solutions used
in the chromatographic separations before
the gel electrophoresis contained 0.001 M
EDTA (disodium salt) and 0.004 M 2-
mercaptoethanol.

Pieces (3 m) of pig small intestines were
taken 2 m distal from pylorus immediately
after slaughter. They were squeezed to remove
intestinal content, cut open and divided into
5 cm pieces. Without further disintegration
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they were extracted for 1 h in precooled
distilled water (11 per 3 m intestine). The extract
was centrifuged and the supernatant was
subsequently lyophilized. The brown-yellow
powder (3 g/m intestine) was suspended (100
g/1) in 0.05 M phosphate, preadjusted to pH 2.0
with 0.1 M HCI, giving a final pH of the solu-
tion close to 5.2. After standing for 2 days the
solution was cleared from insoluble and
precipitated material by centrifugation. The
PH of the supernatant was adjusted to 7.5
with 0.1 M NaOH and a small precipitate
formed was centrifuged off (Fraction 1,
Table 1). The supernatant was fractionated
with (NH,),S0,, and the fraction precipitating
between 36 and 50 % (NH,),S0, saturation
was collected. The precipitate was dissolved in
0.005 M Tris— HCI (pH 7.5) and subsequently
dialyzed against 200 vols. of the buffer. A
small precipitate formed during dialysis was
centrifuged off.

The clear supernatant (Fraction 2, Table 1)
was applied to & 2.5 emx 21 em column of
DEAE-cellulose (Whatman, DE 32), prepared
and equilibrated in 0.005 M Tris-HCI (pH. 17.5).
The column was eluted at a constant flow rate
of 10 ml/em?x h with a 0.3 M linear increasing
KCl gradient (10X column volume). The
prolidase activity was eluted as a single peak
and the effluent containing more than 12 U/ml
of prolidase activity was collected (Fraction 3,
Table 1). The enzyme was concentrated 20
times by means of ultrafiltration (Amicon,
Diaflo filter PM-10) and applied to a 5 cm x 92
cm column of Sephadex G-100 (Pharmacia).
The column, prepared and equilibrated in
0.0056 M Tris-HCI (pH 7.5), made 0.3 M in
respect to KCl, was eluted with the buffer at a
constant flow rate of 1.5 ml/em?xh. The
prolidase activity was again eluted as a single
peak and the effluent containing more than
22 U/ml of prolidase activity was collected
(Fraction 4, Table 1). The prolidase solution
was diluted with an appropriate volume of
0.005 M Tris-HCI (pH 7.5) to obtain the same
conductivity as that of 0.005 M Tris-HCI
(pH 17.5), made 0.08 ¥ in respect to KCl. The
solution was then applied to a 2.5 cmx 20 cm
column of DEAE-Sephadex A-50 (Pharmacia),
prepared and equilibrated in the second buffer.
The elution was performed with a linear in-
creasing KCl gradient as above. The flow rate
was kept at 11 mlfem?x h and the prolidase
activity was eluted in a single peak. The
effluent containing more than 13 Uj/ml of
prolidase activity was collected (Fraction 5,
Table 1).

The enzyme solution was concentrated by
ultrafiltration and further purified by poly-
acrylamide gel electrophoresis.’? The electro-
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Table 1. Purification of a prolidase from pig intestinal mucosa.

Prolidase Purifica-
Fraction Vol. Ay activity Recovery tion
(ml) (U/ml) (%) factor

1. Supernatant pH 7.5 810 63.8 20.3 100 1
2. Dialyzed (NH,),SO,

precipitate 105 48.3 63.0 40 4.1
3. Pooled active fractions

of DEAE-cellulose effluent 220 2.1 20.2 27 30
4. Pooled active fractions

of Sephadex G-100 effluent 90 1.0 41.4 23 127
5. Pooled active fractions

of DEAE-8ephadex effluent 119 0.27 18.0 13 207
6. Pooled active fractions

of Sephadex G-100 effluent 68.5 0.08 13.2 5.6 501
Figures are given for 85 g lyophilized intestinal extract.
phoresis was run in 6 parallel tubes of 10 mm by analytical polyacrylamide gel electro-

imner diameter. 250 ul of the solution (corre-
sponding to about 1 mg protein) were applied
to each tube. 10 mA was applied to each gel.
After electrophoresis the gels were sliced into
discs of about 2 mm thickness and extracted
each with 1 ml 0.056 M Tris-HCI (pH 7.5). The
separate extracts were analyzed for 280 nm
absorbancy and for prolidase activity. A

Fig. 1. Analytical polyacrylamide gel electro-

phoresis of pig intestinal prolidase. Parallel

extracts of the most active discs from a pre-

parative polyacrylamide gel electrophoresis

experiment were pooled and 50 ul of the solu-

tion were applied. Current 2.2 mA. The gel was
stained with Coomassie blue.

i

complete correspondence was found between
the activity and the major absorbancy peak.
The parallel extracts from the six separate gels
were pooled and a sample from each solution
was subsequently analyzed for homogeneity

phoresis (Fig. 1).

The homogeneous enzyme solutions were
pooled, concentrated by ultrafiltration and
applied to a column (see Fig. 2) of Sephadex
G-100, equilibrated and eluted with 0.056 M
Tris-HCl (pH 7.5). The prolidase activity
was obtained in two partly separated peaks
showing correspondence with the 280 nm
absorbancy (Fig. 2). The active fractions were
pooled and could be stored without loss of
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Fig. 2. Chromatography of pig intestinal
prolidase on Sephadex G-100. 1.1 ml con-
centrated enzyme solution after polyacryl-
amide gel electrophoresis was applied to a 2.5
ecmx 91 cem column of Sephadex G-100,
equilibrated and eluted with 0.056 M Tris-
HCl (pH 17.5). Flow rate 4.5 ml/cm?xh,
Prolidase activity (—— —); Ay, ( ).
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activity when kept frozen at — 20°C (Fraction
6, Table 1).

The purification has usually been run with
about 80 g of lyophilized mucosa extracts as
starting material in each preparation. It has
regularly resulted in an enzyme preparation
having about 500 times higher specific activity
than that of the acid extract. The overall
recovery in the purification procedure has been
about § 9%, equivalent to about 100 ug purified
enzyme protein per gram of lyophilized mucosa
extract,
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The final digestion of proteins in the
intestine involves several separate di-
peptide splitting enzymes. Our knowledge
of these enzymes has so far been based on
their behaviour in crude extracts or in
partly purified preparations. A more
reliable information about their enzymatic
properties and molecular constitution re-
quires, however, their purification. In the
following we wish to report a method for
purification of a glyeyl-L-leucine dipep-
tidase (glycyl-L-leucine hydrolase, EC
3.4.3.2) from pig intestinal mucosa.

Glyeyl-L-leucine dipeptidase activity was
determined under optimal pH-conditions
at 25°C according to the method of Josefs-
son and Lindberg,! using glycyl-L-leucine
(Sigma, Lot. No. 127 B—1460) as sub-
strate. No metal ions were added. One unit
(U) of enzyme activity is defined as the
activity hydrolyzing 1 gmol/min of glycyl-
IL-leucine at 25°C. The absorbance at 280
nm was used as a measure of protein con-
centration. All purification procedures
were performed in the cold room. Besides
at the (NH,),SO, precipitations, all buffers
contained 2-mercaptoethanol (4 mM) and
glycerol (12.5 9%, w/v) in order to stabilize
the enzyme activity.

Fresh pieces (3 m taken 2 m distal from
pylorus) of small intestines of adult pigs were
used. as source of enzyme. After being squeezed
to remove intestinal content they were cut
open and divided into 5 em pieces. Without
further disintegration the pieces were sub-
sequently extracted with stirring for 1 h in
precooled distilled water (1 1 per 3 m intestine).
After centrifugation the supernatant was
lyophilized. The lyophilized, brown-yellow
powder (90 g/30 m intestine) was suspended in
0.056 M phosphate (pH 7.5). Insoluble material
was removed by centrifugation. The opalescent
supernatant -(Fraction 1, Table 1) was frac-
tionated with (NH,),SO,. The fraction, pre-
cipitating between 40 and 65 9, saturation of



