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Additional evidence is given that in Streptomyces strains R39, R61, and Kll the
same enzyme performs DD-carboxypeptidase and transpeptidase activities and that
this enzyme is the killing site of #-lactam antibiotics. With strain R61, it was found
that the exocellular enzyme has a sensitivity towards some antibiotics different
from that of the membrane-bound enzyme. Under the growth conditions used in
the present investigations, ,B-lactamase activity was not involved in susceptibility
to fl-lactam antibiotics.

The susceptibility of bacteria to penicillins
and cephalosporins is a complex phenomenon.
It depends upon (i) the sensitivity of the target
itself, i.e., the membrane-bound transpeptidase
which cross-links the peptides of the nascent
peptidoglycans (14, 15), (ii) the fi-lactamase
activity of the bacteria (2), and (iii) the per-
meability of the bacterial envelope to the anti-
biotics and the nonspecific fixation of the anti-
biotic by cell-envelope components other than
the transpeptidase (12). During growth, Strep-
tomyces strains R39, R61, and Kll excrete
$-lactamases and DD-carboxypeptidases-trans-
peptidases. The efficiency and specificity profile
of the ,B-lactamases of strains Kll and R39
towards gS-lactam antibiotics has been described
(7). The DD-carboxypeptidases-transpeptidases
excreted by strains R39, R61, and Kll were
showin to function as hydrolytic enzymes (car-
boxypeptidases) or synthesizing enzymes (trans-
peptidases) depending upon the availability of
nucleophilic groups (water or NHrR). These
enzymes had a considerable specificity in their
substrate requirements both for donor peptides
and for acceptor amino groups, strongly sug-
gesting that they were the membrane-bound
transpeptidases which had undergone solubili-
zationi (8, 9, 11).
In the experimenits described in this paper, we
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studied the in vivo susceptibility of Strepto-
myces strains to #-lactam antibiotics as related
to their P-lactamase activity and the properties
of their exocellular DD-carboxypeptidases-trans-
peptidases and membrane-bound transpepti-
dases.

MATERIALS AND METHODS
Antibiotics. 6-Aminopenicillanic acid, benzyl-

penicillin, substituted bensylpenicillins, phenoxy-
methylpenicillin, and various cephalosporins were
used (see Fig. 1 in the accompanying paper [71).
Culture media. Peptone-oxoid medium and

glycerol-casein medium have been described
previously (8). Agar-CGY medium contained,
per liter of final volume: agar, 20 g; Casamino
Acids (Difco), 3 g; glycerol, 30 ml; and yeast ex-
tract (Difoo), 3 g. Agar-KC medium contained,
per liter of final volume: agar, 20 g; partially
hydrolyzed keratin from hens' feathers, 0.25%
(w/v); partially hydrolyzed casein, 0.25% (w/v);
NaCl, 0.5 g; CaCO,, 0.1 g; MgS0O47H,O, 0.1 g;
K2HP04, 1 g; and FeSO4-7H20, 0.1 g. Hydrolyzed
keratin and casein were prepared as described
previously (4). Agar-APG medium contained,
per liter of final volume: agar, 20 g; asparagine,
0.5 g; peptone, 0.5 g; glucose, 10 g; and K2HP0,,
0.5 g.

Streptomyces strains. Streptomyces strains
R39, R61, and Kll were used. R61 and Kll were
maintained on slants of agar-APG, and R39 was
maintained on slants of agar-KC. Viable counts
were determined as follows. Conidia were col-
lected from slants with the help of a 1:10,000
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dilution of sodium dodecyl sulfate (6). After
thorough shaking, the mycelial debris was re-
moved from the suspensions by filtration on What-
man no. 2 paper. The conidia suspensions were
diluted to contain 100 to 200 "colony-forming
units" per ml. Viable counts were made by spread-
ing 1 ml of the suspensions on agar-CGY plates.
Incubation was at 30 C.
#3-Lactamase activity of isolated Strepto-

myces colonies. The enzyme activity of isolated
colonies was estimated by using the starch-iodine
test of Foley and Perret (3), modified as follows.
About 5 to 10 conidia (colony-forming units)
were spread on GA-6 filters (porosity, 0.45 gm;
diameter, 47 mm; Gelman Instrument Co.), de-
posited on agar-CGY plates. Incubation at 30 C
was maintained until the colonies were 2 mm in
diameter. The filters were then transferred to a
freshly prepared starch-iodine indicator agar
containing: agar, 1.8%/o (w/v); iodine, 0.0127%
(w/v); KI, 0.0254% (w/v); soluble starch, 0.3%
(w/v); sodium phosphate buffer (pH 7.4), 10 mm;
and benzylpenicillin, 200 gg/ml. j-Lactamase
activity provokes decolorization around the
colonies. The diameters of decolorized areas were
measured after increasing times at 30 C (up to 90
min). When penicillin was not present in the
starch-iodine agar, decolorization around the
colonies did not occur under the above conditions.
Exocellular DD - carboxypeptidases - trans -

peptidases. The purified, exocellular DD-carboxy-
peptidases - transpeptidases from Streptomyces
strains R39, R61, and Kll have been described
(8, 9). One enzyme unit catalyzes the hydrolysis
of 1 nanoequivalent of D-alanyl-D-alanine linkage
per hr at 37 C when the enzyme is exposed to
Ne,N, - diacetyl - L - lysyl - D - alanyl - D - alanine
at concentrations 10 times the Km values, in the
absence of any acceptor amino group. The Km
values are 0.8 mm for the R139 enzyme and 12
mm for R61 and Kll enzymes.
Carboxypeptidase activity of exocellular

enzymes and its inhibition by ,B-lactam anti-
biotics. N,N' - diacetyl - L - lysyl - D - alanyl -
D-alanine (1.23 mM, final concentration) was in-
cubated with the enzymes for 2 hr at 37 C, in
0.03 M K2HPO4, in the absence and in the presence
of various concentrations of antibiotics. The
amount of D-alanine liberated was estimated by
the fluorodinitrobenzene technique (5). In the
absence of antibiotic, the yield of hydrolysis was
90%0 of the theoretical value.
Transpeptidase activity of exocellular en-

zymes and its inhibition by 6-lactam anti-
biotics. The conditions of the tests were as de-
scribed above for the determination of carboxy-
peptidase activity except that 14C-glycine was
added to the reaction mixtures. The molar ratios
of 14C-glycine (i.e., the acceptor) to Na,NE-
diacetyl - L - lysyl - D - alanyl - D - alanine (i.e.,
the donor) were 10:1 for enzymes from R61 and
Kll and 20:1 for enzyme from R39. The amiiouint
of NNa,N-diacetyl-L-lysyl-D-alanyl transferred
from the tripeptide donor to "4C-glycine (i.e.,

the yield of transpeptidation) was determined as
described previously (11). The transpeptidation
product, N-,N-diacetyl-L4ysyl-D-alanyl-"'C-gly-
cine, was separated from the excess of "4C-glycine
by paper electrophoresis at pH 5.6, and the
amount of radioactivity incorporated was meas-
ured with a Packard Tri-Carb liquid scintillation
spectrometer. In the absence of antibiotic, the
yield of transpeptidation was 40%/, expre#sed as
conversion of the donor tripeptide.
Membrane - bound transpeptidase from

Streptomyces R61. Membranes were prepared
essentially as described by Munoz et al. (10).
Streptomyces R61 was grown (volume of inoculum,
5%) for 48 hr at 29 C, with vigorous shaking,
in 1-liter flasks containing 500 ml of peptone-
Oxoid medium. This medium was used rather than
glycerol-casein medium because less carboxy-
peptidase-transpeptidase is excreted by the grow-
ing bacteria in peptone-Oxoid medium than in
glycerol-casein medium. The mycelium (from 2.5
liters of culture) was harvested, washed four
times with distilled water by decantation, re-
suspended in water, homogenized with a Potter
Elvehjem tissue homogenizer, and centrifuged at
10,000 X g for 20 min. The pellet was washed twice
by centrifugation (10,000 X g, 20 min) with 0.1 m
tris (hydroxymethyl)aminomethane (Tris)-hydro-
chloride buffer, pH 7.5, and finally resus-
pended in 100 ml of the same buffer supplemented
with 0.05 M MgC12 and 25 g of sucrose. After
homogenization as above, 250 mg of lysozyme
was added, and the suspension was kept at 4 C
for 20 hr. The pellet obtained after centrifugation
at 12,000 X g for 15 min was suspended in 100 ml
of 0.05 M Tris-hydrochloride buffer, pH 7.5, con-
taining 0.005 M MgCl2 and 75 mg of deoxyribo-
nuclease I (pancreatic). The suspension was kept
at room temperature until complete lysis occurred
(usually 16 hr). The lysate was centrifuged at
1,100 X g for 10 min; the pellet was resuspended
in 100 ml of 0.05 M Tris-hydrochloride buffer
(pH 7.5) plus 0.005 M MgCIs and centrifuged
again at 1,100 X g for 10 min. The supernatant
fluids of the two last centrifugations were com-
binied and centrifuged at 37,000 X g for 30 min,
yielding the membrane preparation. Membranes
were suspended in a volume of 0.03 M KHPO4
such that the suspension contained about 25 mg
of protein per ml. The membrane suspensions
could be stored at 4 C, in the presence of thymol,
for 6 weeks without loss of transpeptidase activ-
ity. The same technique as above was applied to
Streptomyces R139, but the membranes did not
exhibit transpeptidase or carboxypeptidase activ-
ities.

Activity of the Streptomyces R61 mem-
brane-bound transpeptidase and its inhibi-
tion by,B-lactam antibiotics. NaN-diacetyl-
Ix-lysyl-D-alanyl-D-alanine (1.35 mm) and 14C-
glycyl-glycine (13.5 mm) were incubated for 16 hr
at 37 C, with 500 pg (in protein) of R61 membrane,
in a final volume of 35 pliters of 0.016 M K2HPO4
containing 0.3% (v/v) Triton X-100 (final con-
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centrations). Incubations were carried out in the
absence and in the presence of various concen-
trations of antibiotics. The transpeptidation
product, Na,NE - diacetyl - L - lysyl - D - alanyl-
14C-glycyl-glycine, was separated from the ex-
cess of "4C-glycyl-glycine by paper electrophore-
sis at pH 5.6 for 2 hr at 30 v/cm, and the amount
of radioactivity incorporated was measured as
described above. In the absence of antibiotic,
the yield of transpeptidation (expressed as con-
version of the donor tripeptide) was 30 to 40%,
depending upon the membrane preparation.
Transpeptidation reactions with acceptors other
than glycyl-glycine were also carried out under
the same conditions. When no radioactive accep-
tor was available, the radioactive tripeptide
4C-diacetyl-L-lysyl-D-alanyl-D-alanine was used,
and the radioactive transpeptidation product
4C-diacetyl-L-lysyl-D-alanyl-acceptor was sepa-
rated by electrophoresis at pH 6.45 for 4 hr at 60
v/cm and estimated (Perkins et al., Biochem.
J., in press).

RESULTS
Effect of B-lactam antibiotics on growth

of Streptomyces (LDso values). As for many
other bacteria, the susceptibility of Streptomyces
to ,-lactam antibiotics is critically dependent
upon the size of the cell inoculum. To ensure
maximal reproducibility in the quantitative esti-
mates, we measured susceptibility by observing
the effect of the presence of various concentra-
tions of antibiotics on the ability of conidia to
form "single-cell" colonies. Colonies were counted
daily until maximal values were obtained (5 to 8
days, depending upon the strain, the antibiotic,
and its concentration). In the absence of anti-
biotic, control plates contained about 100 to

200 colonies. The LD50 values (Table 1 to 3)
were determined graphically as the concentra-
tions of antibiotics allowing 50% cell survival.
The data show that the antibiotic susceptibility
of strains R61 and Kl 1 was almost the same.
These strains were less susceptible than strain
R39, except to 6-aminopenicillanic acid and
cephalosporin C. Great variations were observed
depending upon the antibiotic.

Effect of ,6-lactam antibiotics on activity
of the exocellular carboxypeptidases-trans-
peptidases of Streptomyces (ID50 values,
soluble enzyme). The effect of the antibiotics
on carboxypeptidase activity was expressed as
the concentration which decreased by 50% the
amount of D-alanine liberated from Na,NI-
diacetyl-L-lysyl-D-alanyl-D-alanine. Similarly, the
effect of antibiotics on transpeptidase activity
was expressed as the concentration which re-
duced by 50% the amount of transpeptidation
products. The ID50 values are also reported in
Tables 1-3. These data show that inhibition of
the transpeptidase activity of the exocellular
enzymes always occurred at those concentrations
of antibiotics which inhibited the carboxypep-
tidase activity. When the whole series of anti-
biotics is taken into account, there appears to be
no correlation at all between the in vivo LD50
values and the in vitro ID60 values for the exo-
cellular enzymes. The in vivo susceptibility of
the Streptomyces strains may be either similar
to, or considerably higher or lower than, the
in vitro sensitivity of the exocellular enzymes.
Membrane-bound carboxypeptidase-trans-

speptidase activity of Streptomyces R61.
Since the catalytic properties of an enzyme

TABLE 1. Effect ofJ-lactam^ antibiotics otn Streplornyces strain R890

ID50
Antibiotic LDro IDso (avg)/LD5o

Carboxy- Trans-
peptidase peptidase Avg

6-Aminopenicillanic acid. 5,100 500 650 575 0.113
Penicillin G ............. 70 3.8 7.1 5.4 0.077
Penicillin V ............. 140 3.5 4.6 4.0 0.029
Ampicillin .............. 240 3.25 3.6 3.4 0.014
Carbenicillin ............ 830 195 200 197 0.24
Oxacillin ................ 710 12 33 22 0.031
Cloxacillin .............. 530 29 46 37 0.070
Methicillin .............. 730 42 53 47 0.064
Cephalosporin C.... 9,000 4.7 6.0 5.3 0.00059
Cephaloglycine. 120 5.4 7.4 6.4 0.053
Cephalexin .............. 15 26 17 21 1.4
Cephalothin ............. 90 2.9 5.5 4.2 0.047

Comparison between the lethal action (LD5o values) and the inhibitioni of the exocellular DD-car-
boxypeptidase-transpeptidase activity (ID5o values). Values for LD60 and IDro represent 108 X molar
concentration.
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TABLE 2. Effect of P-lactam antibiotics on Streptomyces strains Kll and R61a

Antibiotic

6-Aminopenicillanic
acid................

Penicillin G..........
Penicillin V..........
Ampicillin............
Carbenicillin .........
Oxacillin .............
Cloxacillin.
Methicillin...........
Cephalosporin C......
Cephaloglycine .......
Cephalexin ...........
Cephalothin..........

LD50

K1l

1,160
390
390
670

3,080
3,300
2,630
3,180
5,620
1,630
510
590

R61

1,850
560
510
540

3,310
4,710
5,040
4,410
11,220
2,860
2,060
1,400

ID50

Carboxypeptidase

Kll

135,000
15

110
3,300
400

2,100
3,500
15,000

51
5,000
50,000

62

R61

130,000
12

190
3,000
640

1,900
7,000
14,000

46
6,600
60,000

. 80

Transpeptidase

Kll

135

3,400
4,700
17,500

R61

130,000
15

2,200
900

42
7,600

50,000
80

ID5o/LD0ob

K11 R61

116
0.038
0.31
4.9
0.13
0.83
1.6
5.1
0.0091
3.1
98
0.105

70
0.024
0.37
4.8
0.23
0.40
1.4
3.2
0.0039
2.5

27
0.057

a Comparison between the lethal action (LD5o values) and the inhibition of the exocellular DD-car-
boxypeptidase-transpeptidase activity (ID5o values). Values for LD5o and ID5o represent 108 X molar
concentration.

b When the data are available, the IDro values used in this ratio are the average values between
carboxypeptidase and transpeptidase. In the other cases, the carboxypeptidase values alone were used.

TABLE 3. Effect of ,-lactam antibiotics on
Streptomyces strain R61a

ID6. for
membrane- ID50/Antibiotics LDso bound LD6.

trans-
peptidase

6-Aminopenicillanic
acid ............... 1,850 8,000 4.3

Penicillin G.......... 500 215 0.38
Penicillin V .......... 510 1,850 3.6
Ampicillin ........... 540 800 1.5
Carbenicillin ......... 3,310 3,400 1.0
Oxacillin............. 4,710 8,800 1.9
Cloxacillin ........... 5,040 3,900 0.78
Methicillin ........... 4,410 3,500 0.79
Cephalosporin C ..... 11,220 51,000 4.5
Cephaloglycine...... 2,860 6,200 2.2
Cephalexin ........... 2,060 6,000 2.9
Cephalothin.......... 1,400 7,000 5.0

a Comparison between the lethal action (LD5o
values) and the inhibition of the transpeptidase
activity of the membrane-bound enzyme. Values
for LD5o and IDso represent 108 X molar concen-
tration.

may depend uponi its localizatioin, whether it
occurs extracellularily or is membrane-bound,
the carboxypel)tidase-transl)eptidase activities
exhibited by the plasma membranes prepared
from strain R61 (Materials and Methods) were

tested under a variety of experimental conditions.
Figure 1 shows the effect of increasing the molar
ratio of acceptor to donor from 1:1 to 20:1 on
the amount of Na, N1-diacetyl-L1ySyl-D-alanyl-
glycyl-glycine (transpeptidation product) formed
from N,NI-diacetyl-LIysyI-D-alanyl-D-alanine
(donor, at a constant concentration of 1.68 mM)
and '4C-glycyl-glycine (acceptor) by the R61
membrane-bound enzyme. Incubation was for
16 hr at 37 C with R61 membranes (500 ug of
protein) in a final volume of 37 uliters of 0.017 M
K2HPO4 containing 0.27% Triton X-100. At a
molar ratio of acceptor to donor of 10:1, the
yield of transpeptidation was almost maximal
(35%, expressed as conversion of the tripeptide
donor) and was proportional to the amount of
membrane present in the reaction mixture. Triton
X-100 (0.27%) was not necessary for the trans-
peptidation reaction to occur and did not solu-
bilize the enzyme activity which remained sedi-
mentable (40,000 X g, 30 min). However, the
presence of the detergent in the reaction mixture
facilitated the separation of the transpeptidation
product by paper electrophoresis (Materials
and Methods). Table 4 shows that the speci-
ficity l)rofile of the membrane-bound transpep-
tidase for various acceptors (with Na,NE-diacetyl-
IAysyl-D-alanyl-D-alanine as donor) resembles
that of the exocellular carboxypeptidase-trans-
peptidase enzyme. Glycine, D-alanimie, glycyl-
glycine, glycyl-L-alanine, racemic diaminoadipic

184 DUSART ET AL.



KILLING SITE OF 13-LACTAM ANTIBIOTICS 185

L0-

20

Donor N N!dlAc-L-Lys-D-AIa-D-AIa
1.68 mM

ratio Acceptor- 8
/ ~~~~~Donor I

GlyGly Acceptor Concentration mM

10 20 30
FIG. 1. Effect of increasing ratios of acceptor to

donor on transpeptidation by the membrane-bound
enzyme from Streptomyces R61. The reaction mix-
tures contained, in a final volume of 37 pliters:
membranes, 500 pg of protein; Na,N-diacetyl-L-
lysyl-D-alanyl-D-alanine, 1.68 mM; glycyl-glycine,
from 1.68 to 88.6 mM; Triton X-100, 0.27%; and
K2HPO4, 0.017 M. Incubation uw for 16 hr at 37 C.
Transpeptidation is expressed as conversion of the
tripeptide donor.

acid, and 2-amino-D-galacturonic acid are good
acceptors for both exocellular and membrane-
bound enzymes. Glycyl-D-alanine is a poor ac-
ceptor, and L-alanine, L-alanyl-L-alanine, and
D-alanyl-D-alanine are not acceptors at all.
However, in spite of this similarity between the
substrate requirements, the relative yields of
transpeptidation with the various acceptors are
not identical for the two enzyme preparations.
Under the same conditions as above, and even

in the absence of acceptor, the R61 membrane
preparation did not hydrolyze the tripeptide
donor into D-alanine and Na,N'-diacetyl-L-
lysyl-D-alanine. This lack of carboxypeptidase
activity is no doubt related to the fact that the
purified exocellular DD-carbox.ypeptidases-trans-
peptidases from Streptomyces R61 and R39
can be forced to work preferentially as trans-
peptidase rather than as carboxypeptidase by
properly adjusting the conditions of the in
vitro assays (Ghuysen et al., Frere et al., in
preparation).

Effect of ft-lactam antibiotics on the trans-
peptidase activity of the membrane-bound
enzyme from Streptomyces R61. In marked
contrast to what was observed with the exocellu-
lar enzyme, there was a high correlation be-
tween the ID50 values of the membrane-bound
enzyme and the in vivo LD50 values of strain
R61 (Table 3). In comparing Tables 2 and 3,
one should note that, in those instances when
the correlation between the ID50 values of the
exocellular enzyme and the LD60 values is good
(in the range of 0.5 to 5.0), the correlation
between the corresponding ID50 values for the

membrane-bound enzyme and the LD 0 values
remains of the same order of magnitude. How-
ever, in the cases where the ID50 values for the
soluble enzyme do not correlate with the LDr0
values, the corresponding ID50 values for the
membrane-bound enzyme do correlate well with
the LD60 values.
g-Lactamase activity of Streptomyces

strains R39, R61, and KII. The f-lactamase
activity of Streptomyces colonies on benzyl-
penicillin was estimated under growth conditions
similar to those used for the estimations of the
in vivo LD50 values (Materials and Methods).
The tests were performed on isolated colonies of
identical size by the starch-iodine method. The
diameters of the decolorized zones around the
colonies were 0, 2.5, and 4 mm, respectively, for
strains R61, R39, and Kl1 after 10 min at

TABLE 4. Profiles of the membrane-bound enzyme
and exocellular enzyme from Streptomyces strain
R61 for acceptors in transpeptidation reactions

with N , N-diacetyl-L-lysyl-D-alanyl-D-
alanine as donora

Acceptor

Glycine.....
D-Alanine..
L-Alanine........
Glycyl-glycine...

Glycyl-L-alanine.

Glycyl-D-alanine.
D-Alanyl-D-

alanine ........

L-Alanyl-L-

alanine ........

2-Amino-3-galac-
turanic acid...

Racemic diami-
noadipic acid..

Membrane-
bound enzyme

Ac-
ceptor

to
donor
ratio

10:1
10:1
10:1
10:1
2:1
10:1
10:1

10:1

10:1

2:1

2:1

Yield of
trans-
pepti-
dation

18
25
0

26
17
11
2

0

0

12

9

Exocellular
enzyme

Acceptor
Yield of

to donor trans-
ratio pepti-

dation

1:1
1:1

10:1
1:1

1:1
1:1

1:1

1:1

5:1

5:1

14
8
0

18

25
4

0

0

18

54

a Yield of transpeptidation is expressed as per-
centage of conversion of the tripeptide donor. For
the experiments carried out with the membrane-
bound enzyme, the tripeptide donor was not
radioactive and the acceptors were 'IC-labeled
(glycine, D-alanine, L-alanine, glycyl-glycine) or,
conversely, the tripeptide donor was "4C-labeled
on the acetyl groups and the acceptors were not
radioactive. Conditions used with membrane-
bound enzyme are given in the text; those for
exocellular enzyme are given in reference 12.
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30 C; after 90 min of incubation, the corre-
sponding diameters were 5, 9, and 10 mm. Thus,
strain Kll has a higher fl-lactamase activity
than strain R61, although these two strains are
equally susceptible to the antibiotics. Similarly,
strain R39 has a higher 0-lactamase activity
than strain R61, although strain R39 is more
susceptible to the antibiotics than strain R61.

If 0-lactamase activity is involved in the rela-
tive susceptibility of bacteria to ,-lactam anti-
biotics, the susceptibility of a given strain to a
series of antibiotics should bear an inverse re-
lationship to the catalytic efficiency and speci-
ficity profile of the ,B-lactamase for the same
antibiotics. Comparison of the LD50 values of
the antibiotics for Streptomyces Kll and R39
with the profiles and efficiencies of the correspond-
ing fl-lactamases (see Table 2 in the accom-
panying paper [7]) clearly confirms that the
susceptibility of these Streptomyces strains to
,-lactam antibiotics is not related to their
f3-lactamase activities, at least under the growth
conditions used for the tests.

DISCUSSION
A complete lack of correlation of the in vivo

susceptibility of the Streptomyces strains to
#-lactam antibiotics, the #-lactamase activity
of the strains, and the efficiency and specificity
profiles of their ,-lactamases was observed.
#-Lactamase activity thus appears to be ir-
relevant to antibiotic susceptibility, at least
under the conditions used for the determination
of the ability of conidia to form colonies in the
presence of antibiotics. Although for many
bacteria there is a high correlation between peni-
cillinase production and penicillin resistance,
there are also numerous examples in the litera-
ture which are not consistent with the idea that
penicillinase is the prime factor involved in re-
sistance (13).

Irrespective of the structure of the P-lactam
antibiotics used, inhibition of the transpeptidase
activity of the three exocellular enzymes from
Streptomyces R39, R61, and Kll always oc-
curred at those antibiotic concentrations that
inhibited carboxypeptidase activity. This pro-
vides additional support for the idea previously
proposed that in Streptomyces sp. the same en-
zyme performs both carboxypeptidase and
transpeptidase activities.
The exocellular enzymes from Streptmoyces

R61 and Kll are indistinguishable from each
other but differ greatly from the exocellular
enzyme from Streptomyces R39 with respect to
substrate requirements for peptide donor and

acceptor, to Km and VmaX values in carboxy-
peptidase assays, and to sensitivity to ,-lactam
antibiotics. Parallel to this, the in vivo LD50
values of the ,8-lactam antibiotics for strains
R61 and Kll are very similar, and these values
differ greatly from those for strain R39. How-
ever, with the three Streptomyces strains studied,
the lethal concentrations of some antibiotics are
very different from those that inhibit the in
vitro activity of the exocellular enzymes. The
experimenits carried out with the membrane-
bound enzyme from Streptomyces R61 provide
the explanation of these discrepancies. These
experiments show that the sensitivity of the
R61 exocellular enzyme towards some anti-
biotics may be very different from that of the
corresponding membrane-bound enzyme. An
increased resistance of the membrane-bound en-
zyme, compared to that of the exocellular en-
zyme, can be easily explained, since nonspecific
binding sites for these antibiotics are likely to
occur on the membrane. An increased sensitivity
of the membrane-bound enzyme is more difficult
to interpret. It suggests conformational changes
of the enzyme as the result of its integration in
the lipophilic environment of the membrane.
Integration of the enzyme into the membrane,
however, does not seem to modify its general
specificity profile for peptide acceptors.
The present work suggests that in Strepto-

myces sp. carboxypeptidase and transpeptidase
activities are performed by the same enzyme,
and this enzyme, when integrated into the mem-
brane, seems to be the killing site for ,-lactam
antibiotics. Contrary to what has been observed
in Streptomyces sp., it has been proposed by
Blumberg and Strominger (1) that in BaciUlus
subtilis the killing site, i.e., the transpeptidase,
is distinct from the carboxypeptidase. Their
conclusion was mainly based on the fact that
6-aminopenicillanic acid inactivated at least
95% of the carboxypeptidase activity (toluene-
treated cells) at nonlethal concentrations (liquid
cultures) and, conversely, that cephalothin was
lethal at concentrations that did not inactivate
the enzyme. One should note, however, that a
similar conclusion would have been drawn in
the case of Streptomyce8 R61 if, for example,
onie had limited the investigations to the simple
comparison between the LD50 values for 6-amino-
penicillanic acid and cephalosporin C and the
corresponding ID50 values of the exocellular
carboxypeptidase-transpeptidase. Indeed, 6-ami-
nopenicillanic acid is 70 times more active on
the soluble enzyme than in vivo and, conversely,
cephalosporin C is 200 times less active on the
soluble enzyme than in vivo.
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