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A transpeptidase activity in Escherichia coli was measured independently of other enzymes
involved in peptidoglycan synthesis by quantitating the formation of UDP-N-acetylmuramyl-
L-alanyl-y-p-glutamyl-(L)-meso-diaminopimelyl-(L)-p-alanyl-[1C]glycine  when UDP-N-acetyl-
muramyl-L-alanyl-y-p-glutamyl-(L)-meso-diaminopimelyl-(L)-p-alanyl-p-alanine was used as
donor substrate and [Y(Cglvcine as acceptor in a transfer reaction. After extraction of membrane
envelopes with Brij-36T and subsequent ammonium sulfate precipitation. DEAE-cellulose
chromatography revealed two major fractions; one not adsorbed to the ion-exchange resin and the
other adsorbed. The fraction which was bound to DEAE-cellulose was bound to and could be
eluted from an ampicillin affinity chromatography system while the fraction not bound to DEAE-
cellulose was also not bound to the ampicillin column. Both unbound and bound ampicillin frac-
tions exhibited bp-carboxypeptidase and transpeptidase activities although for equivalent
pp-carboxypeptidase activity, the bound ampicillin fraction required about five times more
¢glycine acceptor to achieve the same amount of transpeptidation as the unbound ampicillin

fraction.

It is clear from a number of bacterial systems
studied [1—9] that crosslinked peptidoglycan can be
generated when the nucleotide precursors, UDP-N-
acetylglucosamine and UDP-N-acetylmuramyl-pen-
tapeptide, are incubated with Mg2+ ions and either
crude disrupted cellular preparations or isolated
membranes that contain all the enzymes necessary

for bacterial wall synthesis. However, because of

its complexity, such a multi-enzyme system does
not allow assay of the transpeptidase activity inde-
pendently of the preceding biosynthetic reactions,
so that the interaction of penicillin with the trans-
peptidase per se cannot be studied. It has been pro-
posed that in Escherichia coli [1—5], a soluble enzyme
cleaving the terminal p-alanine residue of the UDP-
N-acetylmuramyl-pentapeptide in a DD-carboxy-
peptidase reaction is distinct from that enzyme in the
particulate preparation responsible for transpeptida-
tion. In view of the fact that each of the two purified
single polypeptide chain enzymes isolated from the
culture filtrates of Streptomyces R61 and R39 are

Abbreviations. Brij-36T. polyoxyethylated (7 = 10)

laurylether; Triton X-100, polyoxyethylated (7 = 10) octyl-
phenol.
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able to carry out both pD-carboxypeptidase and
transpeptidase functions [10—12], it was decided to
reinvestigate such processes in K. coli. An abstract
of a part of this work has appeared [13]. The experi-
ments in this paper and the following one [14] have
been presented at the June 6—8. 1973 meeting of the
New York Academy of Sciences on the mode of
action of antibiotics.

MATERIALS AND METHODS
Strain

E. coli K12 F-, strain 44, a f-lactamase-negative
mutant [14], was used throughout the course of
these studies.

Membrane Preparations

Membrane envelopes were obtained from cells
grown at 37 °C in 1-liter flasks containing 300 ml
Difco antibiotic medium no. 3. Batches of 9 liters
were prepared and when the cells reached an absorb-
ance of 0.9 at 550 nm, they were collected by centri-
fugation and were suspended without washing in
600 ml 0.01 M Tris-HCl buffer pH 7.9 containing
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0.75 M sucrose, with the help of a Potter-Elvehjem
tissue homogenizer. The cell suspension was cooled
to 4 °C, 60 mg egg-white lysozyme (in 30 ml water)
were added and the mixture was incubated in ice
for 2 min. The suspension was then slowly diluted
(10 min) with 1200 ml cold 1.5 mM EDTA pH 7.5.
Spheroplasting was virtually complete as previously
observed when Salmonella typhimurium was treated
under identical conditions [15]. The spheroplast
suspension was frozen in a bath of solid CO,-acetone,
slowly thawed in cold water and the freezing-thawing
procedure was repeated once [16]. The suspension
of lysed spheroplasts was centrifuged at 1000 xg¢
for 20 min in order to remove whole cells and then
recentrifuged at 48000 ¢ for 1h. The membrane
pellet was washed twice with 300 ml 0.05 M Tris-
HCI buffer pH 7.8 containing 0.2 mM dithiothreitol.
The crude membrane preparation could be stored as
a pellet at —20 °C for several weeks without loss of
activity.

The cytoplasmic and outer membranes of E. coli
were separated from each other by equilibrium den-
sity-gradient centrifugation of the total membrane
fraction. exactly as described by Osborn et al. for
S. typhimurium [15].

UDP-X-Acetylmuramyl-L-alanyl-y-D-glutamyl-( L )-
meso-diaminopimelyl-( L )-D-alanyl-D-alanine and
UDP-X-Acetylmuramyl- L-alanyl-y-D-glutamyl-( L )-
meso-diaminopimelyl-( L)-D-[*C Jalanyl-D-[11C |-
alanine

The unlabelled nucleotide pentapeptide was
prepared either from Bacillus subtilis W23 [17] or
from Bacillus megaterium KM [18]. The radioactive
nucleotide was synthesized enzymatically by the
addition of p-['*(CJalanyl-p-[**CJalanine to UDP-N-
acetyl-muramyl-L-alanyl-y-p - glutamyl - (L) - meso -di-
aminopimelic acid [18]. Specific activity was
60 Ci/mol.

Paper Electrophoresis

Electrophoresis at pH 1.8 (formic acid-H,0,
20:1000, v/v) was carried out on Whatman 3MM
paper at a constant voltage of 60 volts per cm using
a Gilson High Voltage DW Electrophorator. Electro-
phoretograms were scanned with a Packard Radio-
chromatogram Scanner and the radioactive peaks
were cut into strips and counted with a Packard
Tri-Carb liquid Scintillation Spectrometer.

DD-Carboxypeptidase Activity

pp-Carboxypeptidase activity was estimated by
measuring the amount of p-alanine liberated from
either the unlabelled or the radioactive nucleotide
UDP- N -acetylmuramyl- pentapeptide. Unlabelled
p-alanine was measured by the fluorodinitrobenzene
technique [19]. »-[¥C]Alanine was separated from
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UDP- N -acetylmuramyl-v-alanyl-y-p - glutamyl - (L) -
meso-diaminopimelyl-(L)-D-[**C]alanine by paper
electrophoresis at pH 1.8 and the radioactivity was
measured as indicated above. One unit of pp-carb-
oxypeptidase (U) released 1 pmol p-alanine per min
when UDP-N-acetylmuramyl-pentapeptide (1.2 mM,
final concentration) was exposed to the enzyme
preparation in 35 ul (final volume) of 0.06 M Tris-
HCI buffer pH 8.5, containing 0.05 M MgCl,, 0.14 mM
dithiothreitol and 0.36°/, (w/v) or more of Brij-36T.
In some cases, Triton X-100 (0.1°/,, w/v) was used

instead of Brij-36T.

Transpeptidase Activity

Transpeptidase activity was estimated by measur-
ing the amount of UDP-N-acetylmuramyl-L-alanyl-
y-D-glutamyl- (L) -meso -diaminopimelyl - (L) -D-alanyl-
[C]glycine formed when 1.2 mM non-radioactive
UDP-N-acetylmuramyl-pentapeptide (i.e. the donor)
and [MCJglycine (i.e. the acceptor) were exposed to
the enzyme preparation at 37 °C under the same
conditions as those described for measuring the
pp-carboxypeptidase activity. The newly synthesized
nucleotide pentapeptide was separated from excess
of [MCJglycine by paper electrophoresis at pH 1.8
and the radioactivity was counted as described
above.

Buffers

Buffers designate Tris-HCl buffers of specified
molarity and pH, supplemented with 0.2 mM dithio-
threitol and 0.5°/, w/v Brij-36T.

Ampicillin-Affinose 202

500 mg ampicillin (Bristol, Pentrexyl) dissolved
in 40 ml water was added to 50 ml affinose 202 (Bio-
Rad). The pH value was adjusted to 4.6 with 1 N
HCland 1 g 1-ethyl-3(3-dimethylaminopropyl)-carbo-
diimide-HCl (Ott Chemical Co.) dissolved in 5 ml
water, was slowly added over a period of 5 min.
The mixture was gently stirred for 1 h at room temper-
ature, during which time the pH increased to 6.4
and then at 4 °C overnight. The ampicillin-affinose
202 was extensively washed with ice-cold water and
poured into a coarse-sintered glass column at 4 °C.
The column was equilibrated against and stored in
0.05 M buffer pH 7.9.

Protein Estimation and Absorbance at 240 nm

The absorbance at 240 nm was used to determine
the amount of protein in the enzyme fractions on
the basis of the correlation found between the
membrane protein as determined by Lowry’s method
and the membrane absorbance at 240 nm. In both
determinations, the membranes were first dissolved
in 1%, sodium dodecylsulfate. An absorbance of
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1.0 at 240 nm corresponded to 0.385 mg membrane
protein per ml. At 240 nm, the absorbance of a
0.5%/, (w/v) solution of Brij-36T (as in the buffers,
see above) is about 0.1 and the greatest difference
between protein absorbance and Brij-36T absorbance
was found at this wavelength. Particulate fractions
were first dissolved in 19/, sodium dodecylsulfate.

Absorbance at 415 nm

The absorbance at 415 nm was used as an indica-
tion of the presence of cytochrome, flavoproteins and
other components of membrane.

RESULTS

Localization of pn-Carboxypeptidase Activity
in E. coli K12, Strain 44

Spheroplasts prepared according to the technique
of Osborn et al. [15] were lysed by sonic oscillation
[15]. The washed membranes were suspended in cold
259/, sucrose (w/v) containing 5 mM EDTA (pH 7.5)
and 0.2 mM dithiothreitol, to a concentration of
about 15 mg protein/ml. Sucrose density-gradient
centrifugation was carried out in the presence of
0.2mM dithiothreitol, in a SW 41 rotor at 38000 rev/
min for 15h at 2—6 °C, and yielded two main
visible bands, 7.e. a heavy white band which in the
case of S.typhimurium was identified as the lipo-
polysaccharide-containing outer membrane [15] and
a yellow band of low apparent buoyant density.
These two fractions were collected by puncturing
the bottom of the tube. The yellow fraction contained
succinic dehydrogenase activity. On reduction with
sodium hydrosulfite, is exhibited two absorption
peaks at 530 and 560 nm and the 412-nm peak of
the non-reduced state was shifted to 428 nm and
considerably amplified. Hence, this fraction was
assumed to be derived from the inner membrane.
Electron microscopy (Fig.1 and 2) showed striking
differences between the two membrane fractions
and especially the occurrence of numerous pili within
the plasma membrane fraction. pp-Carboxypeptidase
activity in . colv K12, strain 44, was not excreted
during growth. It was neither periplasmic (by assay-
ing the dialyzed fraction obtained by spheroplasting
the cells) nor intracellular (by assaying the super-
natant fraction after lysis of the spheroplasts). It
was not associated with the outer membrane of the
cell envelope but was bound to the inner plasma
membrane fraction. Specific activity was about
6 mU/mg protein (in the presence of 0.1°/, Triton
X-100 or 0.5°/, Brij-36T).

Extraction of the pp-Carboxypeptidase Activity
from Membrane Envelopes of E. coli K12, Strain 44

Chaotropic agents (NaSCN, NaClO,, NaNO;,,
NaCl, guanidine-HCIl and urea) which increase the
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water solubility of several particulate proteins [20]
and butan-1-ol which solubilizes the membrane-
bound pD-carboxypeptidase of Bacillus stearothermo-
philus [18] were not effective means for the resolution
of the pp-carboxypeptidase activity of the membrane
of E. colr, strain 44. Similarly, osmotic shock (using
4 mM Tris-HCI pH 7.8) alone or in combination with
5 mM EDTA did not release the activity.

Neutral detergents such as Triton X-100 (poly-
oxyethylated (7 = 10) octylphenol and Brij-36T
(polyoxyethylated [# = 10] laurylether) [21] were
effective in solubilizing at least part of the pp-carb-
oxypeptidase activity. The action of Triton X-100
(from 1 to 3%/, w/v, final concentration) on mem-
branes (2 mg protein/ml, final concentration), at 4 °C
in 0.01 M Tris-HCI buffer pH 8, containing 0.2 mM
dithiothreitol, followed by centrifugation at
100000 x g for 1 h, yielded supernatant fractions which
constantly exhibited 50—60°/, of the pD-carboxy-
peptidase activity of the membrane preparation. In
the presence of 1 mM EDTA, the concentration of
Triton X-100 could be reduced to 0.5°/, (w/v). The
activity which remained associated with the pellet
was not released by further treatment with Triton
X-100 and EDTA.

The action of Brij-36T (from 0.5 to 3°/,, w/v) on
membrane envelopes (2.5 mg protein/ml, final con-
centration) for 30 min at 37 °C, in 0.01 M Tris-HCI
buffer pH 8 containing 1 mM EDTA and 0.2 mM di-
thiothreitol, followed by centrifugation at 100000 > g
for 2h at 4 °C, constantly yielded supernatant
fractions exhibiting DD-carboxypeptidase activity.
The activity recovery varied from 25 to 50°/,. Pro-
longation of the incubation at 37 °C and further
treatment of the pellet with Brij-36T-EDTA under
the same conditions as above did not increase the
vield of extraction. Although the Brij-36T-EDTA
was less efficient than Triton X-100-EDTA as a
solubilizing agent, the former system was finally
chosen for large scale extractions because it permitted
the accurate determination of the protein content
of the fractions by measuring their absorbance at
240 nm (Materials and Methods) and because it
resulted in more stable enzyme activities in the final
preparations.

Fractionation of the Membrane- Bound
DD-Carboxypeptidase Activity of E. coli K12,
Strain 44

Ammonium Sulfate Precipitation. All steps in the
fractionation procedure subsequent to Brij-36T
extraction were carried out at 4 °C. To the Brij-36T
supernatant obtained from the extraction of 500 mg
membrane protein (final volume, 200 ml), solid
ammonium sulfate was added up to 309/, saturation.
A floating material was collected by centrifugation
and discarded since it contained virtually no DpD-
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Fig.1. Electron micrograph of the outer membrane of E. coli K12, mutant strain 44. Note the spherical shape of the membranes
containing concentric structures which is typical of isolated lipopolysaccharide. Magnification, »x 78000, bar indicates 0.5 pm

Fig.2. Electron micrograph of the inner membrane of E. coli K12, mutant strain 44. The plasma membrane fragments are
covered with small particles. Pili also occur in the preparation. Magnification, x 78000, bar indicates 0.5 um

Eur. J. Biochem. 41 (1974)
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Fig.3. DEAE-cellulose chromatography in the presence of Brij-
36T of the DD-carboxypeptidase system of E. coli K12, mutant
44. For condition of chromatography, see text. Fractions
(3.5 ml) were collected at a flow rate of 90 ml per hour. For
DpD-carboxypeptidase activity, 40 to 60 ul fractions were
supplemented with 40 nmol unlabelled UDP-N-acetyl-
muramyl-pentapeptide and incubated for 4 to 7 h at 37 °C
in the presence of 0.01 M MgCl,. Results are expressed in
nmol alanine liberated x fraction-! xh~=!. Absorbance at
415 nm is indicative of the presence of cytochromes. ( )
Absorbance at 240 nm, (——--) absorbance at 415 nm and
(@ ®) DDh-carboxypeptidase activity

carboxypeptidase activity. The solution was then
brought up to 60°/, saturation by the further addi-
tion of ammonium sulfate. A floating layer containing
most of the enzyme activities was collected after
centrifugation, dissolved in 0.05 M buffer pH 7.9
(Materials and Methods) and dialyzed against and
diluted with the same buffer to 35 ml. Absorbance
of the solution at 240 nm was 2.2 (i.e. 0.84 mg protein
per ml).

Fractionation on DEAE-Cellulose. The dialyzed
ammonium-sulfate precipitate fraction (35 ml con-
taining 30 mg protein in 0.05 M buffer pH 7.9) was
applied to a DEAE-cellulose column (2.5 10 cm)
previously equilibrated against the same buffer.
The column was washed with the buffer until the
effluent had a very low absorbance at 240 nm. The
non-adsorbed fractions which were active (no. 10—26,
Fig.3) were pooled. The DEAE-cellulose column
was then treated with a linear gradient of NaCl
(0—0.3 M) in 0.05 M buffer pH 7.9. The eluted frac-
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tions which had carboxypeptidase activity (no. 55—
64, Fig.3) were pooled.

Filtration on Ampicillin-Affinose 202 of the pb-
Carboxypeptidase Activity Non-Adsorbed on DEAE-
Cellulose. The pooled fractions which had not been
adsorbed on DEAE-cellulose, were filtered on a
ampicillin-affinose 202 column (2.5x2.5 ¢cm) previ-
ously equilibrated against 0.05 M buffer pH 7.9.
The column was washed with the same buffer. The
active fractions of the effluent were pooled and con-
centrated by dialysis against dry carbowax 4000,
yielding preparation A.

Chromatography on Ampicillin-Affinose 202 of
the DD-Carboxypeptidase Activity Adsorbed on and
Eluted from DEAE-Cellulose. The pooled fractions
which had been adsorbed on DEAE-cellulose and
eluted from it, were diluted 2-fold in 0.05 M buffer
pH 7.9. The solution (absorbance of 0.8 at 240 nm,
0.3 mg protein per ml) was filtered through a ampi-
cillin-affinose 202 column (2.5x 11 em) previously
equilibrated against 0.05 M buffer pH 7.9. The column
was washed with the same buffer until the effluent
exhibited a low absorbance at 240 nm. These frac-
tions (no.1—30. Fig.4) had very little activity and
were discarded. If the applied protein concentration
was increased from 0.3 mg/ml to 0.8 mg/ml or higher,
considerably more pp-carboxypeptidase activity was
found in fractions 1—30. The column was then se-
quentially treated first with 0.15 M NaCl in 0.05 M
buffer pH 7.9 and then with 0.5 M buffer pH 8.6
(Fig.4). The 0.15 M NaCl active fractions (no. 30—80)
were pooled and diluted with 0.05 M buffer pH 7.9
until the concentration of NaCl had been lowered
to 0.03 M. Similarly, the active fractions obtained
by elution of the column with 0.5 M buffer (no. 80—
125) were pooled and diluted 10-fold with 0.2 mM
dithiothreitol—0.5°/, Brij-36T. The two active solu-
tions were combined and submitted to an additional
filtration on a ampicillin-affinose 202  column
(2.5 % 2.5 ¢cm) previously equilibrated against 0.05 M
buffer pH 7.9. The enzyme activity was retained on
the column and, after washing with the 0.05 M buffer
pH 7.9, it was eluted with 0.5 M buffer pH 8.6. The
active fractions were pooled, concentrated by dialysis
against dry carbowax 4000 and finally dialyzed
against 0.05 M buffer pH 8.6, vielding preparation B.

The final preparations, A and B, contained 5 to
109/, (w/v) Brij-36T (as a result of their concentration
on dry carbowax) and exhibited specific activities
of about 5 mU/mg protein (see Table 1).

The same ampicillin columns have been used for
more than one year at 4 °C to give identical results
providing that the protein concentration applied
to the column was kept at about 0.3 mg per ml.
After each elution of the column with 0.5 M buffer
which was performed in less than 1 h, the column
was immediately washed and stored in the 0.05 M
buffer pH 7.9.
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Fig.4. Ampicillin-affinose 202 chromatography in the presence
of Brij-36T of the pD-carboxypeptidase fraction adsorbed on
and eluted from DEAE-cellulose (Fig.3). For conditions of
chromatography, see text. Fractions (3.5 ml) were collected
at a flow rate of 300 ml per hour. For pp-carboxypeptidase
activity, 80 ul of the fractions were incubated for 10 h at

Table 1. Fractionation of the DD-carboxypeptidase activity of
the membrane Brij-367T extract of E. coli K12, mutant 44

For conditions, see Materials and Methods. (NH,),SO, preci-
pitate obtained after dissolution and dialysis against 0.05 M
buffer pH 7.9. It should be noted that the (100°/,) recovery
in the Brij-36T extract represents 30—50°/, of the available
enzyme activity of the membrane fraction

Step Specific Enzyme  Protein
activity recovery  recovery
mU/mg Y
protein
Brij-36T, membrane
extract 3.3 (100) (100)
0—30°/, (NH,),S0,
precipitate 0.23 3 42
30—60°/, (NH,),S0,
precipitate 13.3 70 13
Fraction not adsorbed
on DEAE-cellulose 5 4 2
Fraction A 5 4 2
Fraction adsorbed on
and eluted from
DEAE-cellulose 2.5 8 10
Fraction B 5 2 1

Transpeptidase and DD-Carboxypeptidase Activities
of Fractions A and B

In addition to pp-carboxypeptidase activity, the
isolated membrane envelopes in the absence or pres-
ence of Brij-36T exhibited transpeptidase activity
when exposed to the system UDP-N-acetylmuramyl-
pentapeptide and glycine (Materials and Methods).
In the course of fractionation, the ratio or trans-
peptidase activity to DD-carboxypeptidase activity

0.8
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buffer
37°C with 40 nmol unlabelled UDP-N-acetylmuramyl-

pentapeptide in the presence of 0.01 M MgCl,. Results are
expressed in nmol alanine liberated > fraction=!xh-1
Absorbance at 415 nm is indicative of the presence of cyto-
chromes. For symbols see Fig.3

underwent considerable variation so that fractions
A and B differed in this respect. For equivalent
DpD-carboxypeptidase activity, fraction B required
about 5 times more glycine acceptor to achieve the
same amount of transpeptidation as fraction A
(Fig.5).

Effects of pH and Molarity of Tris-HCl buffer
on DD-Carboxypeptidase and Transpeptidase
Activities

Fig.6 shows the effects of the pH value (8—9.5 in
0.18 M Tris-HCl buffer) and the molarity of the
Tris-HCI buffer (0.05—0.5 M, at pH 8.6) of the reac-
tion mixture (in the presence of 50 mM MgCl, and
Brij-36T) on the hydrolysis of radioactive 0.017 mM
UDP-N-acetylmuramyl-pentapeptide (carboxypep-
tidase activity) and the transfer reaction between
non-radioactive 0.8 mM  UDP-N-acetylmuramyl-
pentapeptide and 4 mM [1C]glycine (transpeptidase
activity), by fraction A. Both activities were maximal

at about pH 9.2 in 0.1 to 0.2 M Tris-HCI buffer.

DISCUSSION

pp-Carboxypeptidase activity resides exclusively
in the inner membrane of £. colt K12, mutant strain
44. After extraction of membrane envelopes with
Brij-36T and precipitation with ammonium sulfate,
two fractions exhibiting pp-carboxypeptidase activ-
ity were obtained by DEAE-cellulose chromatog-
raphy (Fig.3). As indicated in Table 1, both the non-
adsorbed and adsorbed fractions obtained by chro-
matography on DEAE-cellulose had lower specific
activities than the 30—60°/, ammonium sulfate
precipitate even though more than 909/, of the pro-
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tein was recovered in the two fractions. One possible
explanation for this loss of specific activity and
consequently the poor yield of enzyme recovery, is
the redistribution or modification of certain lipid
components within these fractions. It was observed
when detergent was omitted from the buffer system
during various fractionation procedures that no

50
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Fig.5. DD-Carboxypeptidase activity vs transpeptidase activity
of fractions A and B: time couse. Fractions A and B (120 nU)
were incubated with unlabelled UDP-N-acetylmuramyl-
pentapeptide (1.2 mM) in the absence of glycine for pD-
carboxypeptidase activity and in the presence of [**C]glycine
(from 6 mM to 120 mM) for transpeptidase activity. Final
reaction mixtures (35 ul) were 0.06 M Tris-HCI buffer pH 8.5,
0.05 M MgCl,, 0.14 mM dithiothreitol and 3—8°/, Brij-36T.
For estimation of activity, see Materials and Methods
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catalytic activity could be detected in the isolated
fractions. However, when a total lipid extract from
E. coli was added back to these fractions, some recon-
stitution of enzyme activity was noted although this
was not quantitatively reproducible (unpublished
results). It is noteworthy that the “purified”, soluble
DD-carboxypeptidase isolated from extracts of E. coli
strain B obtained by sonic oscillation of the cells
[4,5] also had a very low specific activity (5nmol
D-alanine liberated X mg protein—! X min—! when the
concentration of UDP-N-acetylmuramyl-pentapep-
tide used was 0.01 mM).

Of the two fractions, only that one which was
adsorbed on to and eluted from DEAE-cellulose
could be bound to the ampicillin-affinose affinity
column. During this process most of the protein
and the marker cytochrome were not bound to the
ampicillin column while the majority of the DD-
carboxypeptidase activity was fixed on it (Fig.4).
After washing the column with 0.05M buffer
pH 7.9, elution with 0.15M NaCl in 0.05 M buffer
PH 7.9 resulted initially in the release of a consider-
able quantity of protein together with cytochrome
and of a small amount of enzyme, and later in the
release of the majority of the available enzyme
activity and of very little protein. If the elution with
0.15 M NaCl was allowed to continue past fraction 80
(Fig.4) a slow release of pD-carboxypeptidase activity
was still noted. At this point, better release of activ-
ity was produced in changing the eluent to 0.5 M
buffer pH 8.6 and again very little protein was
eluted. When 0.05 M buffer pH 7.9 was supplemented
with 0.5 M NaCl instead of 0.15 M NaCl, more DD-
carboxypeptidase was released. Additional activity,
although less than before, could still be eluted by the
0.5 M buffer pH 8.6.

An analysis of Fig.4 indicates that the affinity
chromatography system removed about 85°/, of the

30 - L6
Transpeptidase
=
< c
~ (=]
o 20 9 Carboxypeptidase [ 4 §
= =
* s
10 4 L2 &
O T T O
8 9
pH

Fig.6. Effect of pH and molarity of Tris-HCI buffer on DD-carboxypeptidase and transpeptidase activities of fraction A. For

conditions, see text
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contaminating protein but fraction B (Table 1) did
not show a commensurate increase in specific activity.
Again the explanation may be related to certain
lipid-activating components or to increased instabil-
ity as purification proceeds. Upon analysis of frac-
tion B by sodium dodecylsulfate-polyacrylamide-gel
electrophoresis, 3—4 bands were revealed by staining
with coomassie blue, indicating that the procedure
had resulted in considerable purification. The fact
that both DD-carboxypeptidase and transpeptidase
activities could be eluted with 0.15 M NaCl (Fig.4)
suggests that the E.coli transpeptidase was not
irreversibly bound to ampicillin [3,5]. However,
Tris-HCl buffer is a weak nucleophile which might
cleave an acylated complex formed between the
B-lactam ring of ampicillin and a protein sulfhydryl
or hydroxyl group. It should also be noted that
membrane proteins and membrane lipids are known
to bind avidly to one another. Under these conditions,
the affinity column should not be used as an indica-
tion of what type of complex is formed.

For the equivalent pp-carboxypeptidase activity,
there was a variation in the amounts of transpeptida-
tion product formed by fractions A and B (Fig.5). De-
spite these quantitative differences, there is no reason
at this stage to suspect that the catalytically active
proteins present in the two fractions are different.
When dealing with membrane proteins, it is exceed-
ingly difficult to establish whether or not multiple
catalytic systems occur in the membrane [22] (as
sometimes proposed [23]). Indeed, the same active
proteins can be located in different physical environ-
ments (especially with regard to the lipids). More-
over, with the exocellular DD-carboxypeptidases-
transpeptidases from Streptomyces R39 and R61, it
was shown that the proportion of the enzyme activity
that could be channelled into the transpeptidation
and the hydrolysis pathways depended very much
upon the environmental conditions [10—12]. A more
detailed study of the enzyme activities exhibited
by the two fractions A and B isolated from the mem-
branes of K. coli, strain 44, is presented in the follow-

ing paper [14].

Grants from the Fonds de la Recherche Fondamentale
Collective, Brussels (No 515 and 1000) and the Institut pour
I’Encouragement de la Recherche Scientifique dans I’Industrie
et I’ Agriculture, Brussels (No 1699 and 2013) are gratefully
acknowledged. This work was also supported by grants

from the National Science Foundation (No GB 17107) to
M. R. J. Salton and from the National Institutes of Allergy
and Infectious Diseases (No AT 11489) to J.J. Pollock,
J.M.G. is indebted to New York University School of Medi-
cine for a three-month appointment as visiting Professor
(July-September, 1971) and J.J.P. is grateful to the Uni-
versity of Liége for a research fellowship during his visit to
Liége (September-December, 1972). This paper is from a
dissertation submitted by M.N.-D. in partial fulfilment of
the requirements for a Ph. D. degree, University of Liege
(1973).

REFERENCES

1. Araki, Y., Shirai, R., Shimada, A., Ishimoto, N. & Ito, E.
(1966) Biochem. Biophys. Res. Commun. 23, 466 —472.
2. Araki, Y., Shimada, A., & Ito, E. (1966) Biochem.
Biophys. Res. Commun. 23, 518 —525.
. Izaki, K., Matsuhashi, M. & Strominger,J. L. (1966)
Biochemistry, 55, 656 —663.
. Izaki, K., Matsuhashi, M. & Strominger,J. L. (1968)
J. Biol. Chem. 243, 3180—3192.
. Izaki, K., Matsuhashi, M. & Strominger, J. L. (1968)
J. Biol. Chem. 243, 3193—3201.
6. Wickus, G. & Strominger, J. L. (1971) Fed. Proc. 30, 707.
7. Mirelman, D. & Sharon, N. (1972) Biochem. Biophys. Res.
Commun. 46, 1909.
. Reynolds, P. E. (1971) Biochim. Biophys. Acta, 237,
239—254.
9. Reynolds, P. E. (1971) Btiochim. Biophys. Acta, 237,
255—272.
10. Ghuysen, J. M., Leyh-Bouille, M., Campbell, J. N.,
Moreno, R., Frére, J. M., Duez, C., Nieto, M. & Per-
kins, H. R. (1973) Btochemistry, 12, 1243 —1251.
11. Freére, J. M., Ghuysen, J. M., Perkins, H. R. & Nieto, M.
(1973) Biochem. J. 135, 483 —492.
12. Ghuysen, J. M., Leyh-Bouille, M., Frere, J. M., Dusart,
J., Marquet, A., Perkins, H. R. & Nieto, M. (1973)
Ann. N. Y. Acad. Sci. in press.
13. Pollock, J. J., Distéche, M., Linder, R., Salton, M. R. J.
& Ghuysen, J. M. (1973) Am. Soc. Microbiol. Abstr.
I8 i 8
14. nguyen-Distéche, M., Ghuysen, J. M., Pollock,J.J.,
Reynolds, P., Perkins, H. R., Coyette, J. & Salton,
M. R. J. (1974) Eur. J. Biochem. 41, 447—455.
15. Osborn, M. J., Gander, J. E., Parisi, E. & Carson, J.
(1972) J. Biol. Chem. 247, 3962—3972.
16. Ron, E. Z., Kohler, R. E. & Dayvis, B. D. (1966) Science
(Wash. D.C.) 153, 1119.
17. Garrett, A. J. (1969) Biochem. J. 115, 419.
18. Barnett, H. J. (1973) Biochim. Biophys. Acta, 304, 332.
19. Ghuysen, J. M., Tipper, D. J. & Strominger, J. L. (1966)
Methods Enzymol. 8, 685—699.
20. Hatefi, Y. & Hanstein, W. G. (1969) Proc. Natl. Acad.
Sei. U. S. 4. 62, 1129.
21. Gitler, C. in Mammalian Hibernation (South, F. E., ed.)
Vol. 4, Elsevier, Amsterdam, in press.
22. Fessenden-Raden, J. M. (1972) Biochem. Biophys. Res.
Commun. 46, 1372.
23. Strominger, J. L. (1974) 4dnn. N. Y. Acad. Sci. in press.

B ow

[

o]

J. J. Pollock’s present address: Department of Oral Biology and Pathology, State University of New York

at Stony Brook, Stony Brook, New York, U.S.A. 11790

M. Nguyen-Disteche, J.-M. Ghuysen, and J. Coyette, Institut de Botanique Université de Liége au Sart-Tilman,

B-4000 par Liége 1, Belgium

R. Linder, M. R. J. Salton, and K. S. Kim, Department of Microbiology, New York University School of Medicine,

550 First Avenue, New York City, New York, U.S.A. 10016

H. R. Perkins, M. R. C. National Institute for Medical Research, The Ridgeway, Mill Hill, London, Great Britain, NW7 1AA
P. Reynolds, Department of Biochemistry, University of Cambridge, Tennis Court Road, Cambridge,

Great Britain, CB2 1QW

Eur. J. Biochem. 41 (1974)



Copyright of European Journal of Biochemistry is the property of Blackwell Publishing
Limited and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



