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A sequence-ordered, a,N-substituted copolymer, a,nNP-poly-(Pro-nly-Pro) 

was used as a specific substrate to follow, during purification, a proteolytic 

activity detected in E. Coli B extracts. The enzyme which releases glycyl- 

proline from the C-terminal end of the molecule is a dipeptidocarboxypeptidase 

(DCP) . It was purified to homogeneity (purification factor of 12nn) and shown 

to split C-terminal dipeptides from a,N-blocked tripeptides as well as from 

tetrapeptides and peptides of higher molecular weight. The enzyme has a pH 

optimum at 8.2, and is not deactivated by dialysis against EDTA (10m4M). It 

is strongly activated by Co 
++ 

, slightly by Mn 
++ 

and Mg 
++ 

and deactivated by 

Zn++, Cd++ and Ni++. NaCl is not required and has little effect on enzyme 

activity. With tetrapeptide substrates Lineweaver-Burk plots were linear and 

gave Km values iti the range of l65-10,000 M-’ and k 
-1 

cat 
0f 30-220 set . 

Isolation. The enzyme was isolated from Escherichia coli strain R. The 

cells were mechanically ruptured and the crude extract was subjected to the 

purification steps summarized in Table I (which also describes the assay of 

enzyme activity). The crude extract was treated with nNase and cell debris 

was centrifuged off. The supernatant was heated at 5n” for I5 min causing 

precipitation of non-active proteins and also inactivating a dipeptidase 

which interferes with the assay. More protein was precipitated by adding 

(NH4)2S04 to 0.4 saturation and the activity was precipitated from the super- 

natant by increasing the saturation to 0.6. The precipitate obtained was dis- 

solved in 0.05 M sodium acetate, pH 5.6 and acetone precipitation was performed 

A preliminary account of this work was presented at the 4lst Annual 
Meeting of the Israel Chemical Society by Yaron et al. (1971). 
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at -3”. The precipitate obtained between 44% and 58% acetone was dissolved in 

0.05 M acetate ptl 5.6 and dialyzed against 0.005 M phosphate pH 6.0. This 

solution was fractionated on a DEAE-cellulose column (11.5x28.5 cm) with a 

linear gradient between the above buffer (I8 liter) and 0.24 M KC1 in the same 

buffer (18 liter), The active fractions were concentrated by ultrafiltration 

and applied to a Sephadex G-150 column. The active fractions were pooled, 

applied to a hydroxylapatite column (1.3x92 cm) and eluted with a linear grad- 

ient from 0.01 M phosphate pH 6.0 (1 liter) to 0.08 M phosphate pH 6.0 (1 liter). 

The active fractions were concentrated by ultrafiltration and subjected to 

preparative acrylamide gel electrophoresis, using the Shandon apparatus with a 

locally modified collecting chamber. The individual steps were monitored by 

acrylamide disc eiectrophoresis (see Fig. 1). 

Fig. 1. Polyacrylamide gel 
electrophoresis (8) of dipeptido- 
carboxypeptidase preparations at 
various stages of purification. 
After gel filtration (left); after 
hydroxylapatite (center); after 
electrophoresis (right). 

The preparation obtained in the last step was shown to be homogeneous by the 

above electrophoresis as well as by immunoelectrophoresis and immunodiffusion. 

The enzyme does not require the addition of a metal for its catalytic action 
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Exhaustive dialysis against 10W4M EDTA does not affect the specific activity. 

co++ increases the specific activity about 5 to 8-fold, with quite a sharp 

optimum at SX~O-~M; slight activation was observed with Mg 
++ 

and Mn +’ at 10v3M; 

and partial deactivation with Zn ++, Cd++ and Ni*. The pH of highest activity 

was 8.2. 

Substrate specificity. The pure DCP from E. coli hydrolyzes the penultimate 

peptide bond of a,N-blocked tripeptides as well as tetrapeptides and higher 

II peptides: ---Rn-2+n-,+n (see Table II). One peptide bond is hydrolyzed 

in tetra- (#2-T) and pentapeptides (#8-10) two peptide bonds are hydrolyzed 

successively in hexapeptide #ll and in the nonapeptide bradykinin (#12). The 

requirements of a free carboxyl group and stereospecificity are demonstrated 

TABLE I I. Hydrolysis of peptides by dipeptidocarboxypeptidase from E. coli 

The peptides (5~10’~M) tested were incubated with the enzyme (2 US/ml) in 
0.05 M borate buffer pH 8.15 containing 7,.5xlO’SM CoS04 for 48 hours at 40°C. 
The incubation solution was analyzed by high voltage paper el.ectrophoresis 
(pH 1.4, 33 v/cm, 2.5-3 hours). Authentic peptide markers were used for 
comparison. 

Peptides Hydrolyzed Peptides not Hydrolyzed 

I. Z-AlaiAla-Ala 14. 

2. Ala-AlaiAla-Ala 15, 

3. Lys-LysiLys-Lys 16. 

4. Pro-PheiGly-Lys 17. 

5. Ala-GlyiPhe-Ala 18. 

6. Gly-GlylPhe-Ala 19. 

7. Ala-AlaiPhe-Ala 20. 

8. Ala-Ala-AlalLys-Ala 21. 

9. Lys-Ala-AlaiAla-Ala 22. 

IO. Ala-Ala-AlaiLys-Phe 23. 

Il. Lys-AlaiAla-LysiAla-Ala 24 

12. Arg-Pro-Pro-Gly-PhetSer-ProiPhe-Arg 

13. (Pro-Gly-Pro)n-, -ProiGly-Pro (‘; = 4.6) 

Ala-Ala-Ala 

Pro-Phe-Lys 

Lys-Lys-Lys 

Ala-Ala-Ala-Ala-NH2 

Z-Ala-Ala-D-Ala 

Z-Ala-D-Ala-Ala-D-Ala 

Z-Phe-Pro-Al a 

Z-Pro-Pro-Ala 

Z-Gly-Gly-Gly-Gly 

Z-Gly-Gly-Gly-Gly-Phe 

poly-Pro 
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by resistance to hydrolysis of peptides (#IT-19). Peptide bonds in which the 

nitrogen is that of a proline residue were not hydrolyzed (# 20,21,24), neither 

were peptide bonds between two glycine residues(# 22,23). 

Kinetic parameters, The rate of hydrolysis of several substrates was 

measured spectrophotometrically by the change of absorption at 225 nm. The 

initial rates increased linearly with enzyme concentration in the range tested 

(1.0 - ~.ox~o-~M). Lineweaver-Burk plots were linear in the range 1.0x10 
-4 

to 

TABLE III. Kinetic parameters for the hydrolysis of peptides 

The composition of the reaction solution was: substrate (l.nxln 
-4 

- 7.5x1f3M), 

enzyme (I.0 - 6x10-'M), 0.05 M borate buffer pH 8.15, (no metal added) at 40". 

The difference in molar extinction coefficients, ~~~~~ accompanying the 

hydrolysis was determlned with authentic mixtures of the product peptldes and 

the substrates. 

Substrate 'rn 

(M-'1 

k a 
cat - 

-1 
(set ) 

C = Fmkcat 

(M-'set-') 

Boc-Ala3 

Ala4 

Z-Ala4 

Ala-Ala-Phe-Ala 

Gly-Ala-Phe-Ala 

Ala-Gly-Phe-Ala 

Gly-Gly-Phe-Ala 

LY54 

1,400 34 47,800 

2,280 139 318,OOr-J 

2,430 '3' 318,000 

785 225 177,000 

720 194 140,000 

1,640 '56 256,000 

'65 1'6 19,220 

~10,000 b N30 b w3no ,000 

a 
- Assumed MW 100,000 

b 
- Substrate inhibition. 
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7.5x10q3M substrate concentration. The values of “;m (=l/Km), kcat and C are 

given in Table III. 

DISCUSSION 

An enzymic activity compatible with the mode of action of DCP has been 

repeatedly reported to be present in mammalian tissue and studied in connection 

with conversion of the biologically inactive decapeptide angiotensin I to the 

active octapeptide angiotensin II with the liberation of the C-terminal His-Leu 

This “converting enzyme” (4) was partially purified from hog plasma (5,6) and 

shown to split C-terminal dipeptides (6) not only from angiotensin I but also 

from other peptides including bradykinin. 

An activity with a specificity similar to our DCP has been shown to be 

present in Corynebacterium ~CJL& (7). It seems to differ in its capability to 

hydrolyze unprotected tripeptides . Since the presence of tripeptidases in 

the partially purified preparation cannot be excluded , Ionly further purifica- 

tion of the enzyme will show if this is an intrinsic property of C, equi DCP. 
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