
PROPERTIES OF THE PENICILLIN BINDING COMPONENT OF
MICROCOCCUS PYOGENES1

J. W. DANIEL, JR. AND MARVIN J. JOHNSON
Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison, Wisconsin

Received for publication September 16, 1953

The antibiotic effect of penicillin on bacterial
cells is known to involve the inhibition of a proc-
ess necessary for cell division but not primarily
connected with respiration (Florey et al., 1949).
Previous work in which the primary bacterio-
static action of penicillin has been apparently
identified with a disturbance in amino acid (Gale,
1952) or nucleotide metabolism (Gros and Mache-
boeuf, 1952; Mitchell and Moyle, 1951) has been
performed under conditions which have not al-
lowed primary and secondary effects to be clearly
distinguished. Maass and Johnson (1949a, b) and
Rowley et al. (1950) have demonstrated that
washed cells of MWirococcus pyogenes var aureus,
strain H, specifically and irreversibly bind small
but relatively constant amounts [approximately
0.8 u per g of wet cells (Maas and Johnson,
1949a)] of penicillin (58 labeled), and that this
uptake is associated with an early and possibly
the primary step in growth inhibition. A sensitive
criterion of inhibition is thus available.
The mechanism of action of penicillin has been

approached in this investigation through the use
of this criterion by studying (a) the binding of
penicillin by M. pyogenes var aureus cell-free ex-
tracts, and (b) the effect of penicillin derivatives
and various metabolic inhibitors on the whole
cell uptake of S3 penicillin by M. pyogenes.

METHODS

The culture employed was M. pyogene8 var
aureus, strain H. Cells were produced by growth
for 6 hours on the medium of Maass and Johnson
(1949a) in shake flask culture. Such cells were
approximately 25 per cent dry weight and ac-
cording to Maass and Johnson (1949a) have a
population density of 1.1 X 1012 cells per g (wet
weight).

I Published with the approval of the Director
of the Wisconsin Agricultural Experiment Sta-
tion. Supported in part by a grant from the Ameri-
can Cancer Society upon recommendation'of the
Committee on Growth of the National Research
Council.

Cell binding of penicillin was accomplished by
incubating washed cells for 30 minutes with one
to two units of penicillin for each ml of a cell
suspension containing 0.1 to 0.5 g of wet cells.
Excess penicillin was removed by suspending the
cells in one per cent KHPO4 adjusted to pH 6.3,
centrifuging, and repeating this procedure twice.
Although M. pijogen8e cells usually bind an aver-
age of 0.8 u per g, occasional batches of cells have
bound as much as 1.1 u per g.
A M. pyogenes cup-plate asay sensitive to

0.06 to 0.07 u per ml was used to determine peni-
cillin. S35 labeled penicillin was determined either
by bioassay or by counting (see below). The un-
labeled penicillin used was the crystalline potas-
sium salt of bensyl penicillin. Two preparations of
B3 labeled penicillin were used. In the first experi-
ments, a relatively impure product produced bio-
synthetically by a previously described method
(Maass and Johnson, 1949a) was used. Later the
crystalline potassium (originally 135 mc per g)
and N-piperidine (originally 146 mc per g) salts
of bensyl penicillin were obtained from Abbott
Laboratories. The latter preparations were 90 to
100 per cent pure by bioassay, and the potasium
salt was 97 per cent bensyl penicillin as deter-
mined -by paper chromatography.

Radioactivity (89") was determined by count-
ing samples air dried on 5 sq cm copper planchets.
Counts were corrected for coincidence and self-
absorption losses and for background.

Derivatives of benzyl penicillin were prepared
from the crystalline potassium salt of benzyl
penicillin by the established methods cited below
(Clark et al., 1949).

Penicilloic acid was prepared (Clark et al.,
1949) by the hydrolysis of penicillin at pH 11
until no biological activity remained. The product
was not isolated. Penilloic acid was prepared
(Clark et al., 1949) by the a-decarboxylation of
penicilloic acid at pH 2.5. Penillic acid was pre-
pared (Clark et al., 1949) by the pH 2.5-catalyzed
rearrangement of penicillin. The crystalline de-
rivative was isolated. Penillonic acid was pre-
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pared (Clark et al., 1949) by isomerization of
penicillin by overnight refluxing of penicillin
methyl ester in toluene. The crystalline penillonic
methyl ester was isolated and saponified before
use. Penicillamine was derived (Clark et al., 1949)
by the aqueous HgCl2 degradation of penicilloic
acid, regeneration of the resulting mercuric com-

plex with H2S, and isolation as the crystalline hy-
drochloride salt. Desthiopenicillin was prepared
(Clark et al., 1949) by the reductive desulfuration
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Figure 1. The spectra of synthetic and pH 4.6
acetate prepared penicillenic acid and of peni-
cillenic acid-HgCl complexes.

A& _0 - pH 4.6 acetate prepared peni-

cillenic acid in aqueous pH 6.3
acetate buffer. Em multiplied
by two for purposes of com-

parison.
0-0-0 - synthetic S-benzyl, benzyl peni-

cillenic acid in methanol (Clark
et al., 1949).

X-X-X = benzyl penicillenic-HgCl com-

plex in ethyl acetate; calculated
for a synthetic preparation of
Em - 15,500 at 320 m,u (Clark
et al., 1949).

A-A-A - product formed by reaction of
HgCla with benzyl penicillin,
and dissolved in dioxane.

of penicillin with Raney nickel. The initial prod-
uct was reprecipitated from an ethanol-water
mixture before use. Cysteine penicillin was pre-
pared (Clark et al., 1949) by the aqueous inac-
tivation of penicillin with excess cysteine and
isolated as the crystalline dibenzylamine salt.

Penicillenic acid was prepared by two methods.
The method of Herriot (1946) was found to give
a high and consistent yield only after the addi-
tion of Cu++. Penicillenic acid was formed in 65
to 70 per cent yield when a solution of 2.32 mg
per ml of potassium benzyl penicillin in pH 4.6,
0.44 M acetate buffer (potasium), and 3.3 X
10-' M CuSO4 was heated in a glass capped tube
for 15 minutes in a boiling water bath.

Penicillenic acid was estimated by light ab-
sorption at 321 m,& from an Em of 21,300 (Clark
et al., 1949). Penicillenic acid was also prepared
(Clark et al., 1949) by the aqueous HgCl2 degra-
dation of penicillin. The penicillenic HgCl com-
plex was isolated and decomposed in pH 6.8,
0.3 M phosphate buffer with H,S. The mercuric
complex exhibited 84 per cent of the described

TABLE 1
Release of penicillin binding component and of

bound SB" penicillin from whole cells
by alumina grinding

EXMPMNT IRL%AsI' J= RzLEAf

u per g a per ml

1 0.71 0.45 86
2 0.47 0.24 57
3 0.70 0.83 88
4 0.45 0.13 50
5 0.48 0.16 60
6 0.46 - 68
7 0.38 - 44
8 0.36 - 53
9 0.71 - 79

* In experiments 1-5, release of the penicillin
binding component from normal cells was de-
termined by addition of penicillin to the extract
and bioassay. In experiments 6-9, release of
bound S'5 penicillin from penicillin treated cells
was determined by counting the extract obtained
by centrifuging at 3,600 G for 15 minutes.

t Penicillin remaining unbound in extracts.
Maximum release is that expected on the basis

of whole cell binding. Release for experiments 1-5
has been calculated from the originally deter-
mined basis of u per ml to u per g of ground cells
from which the extract was derived.
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Em, but the yield of the H2S regenerated product
was only 9 per cent of that expected from the
complex. The spectra of authentic and the above
described preparations are found in figure 1.

Cell-free extracts of normal cells were prepared
by grinding one g of wet-packed M. pyogenes
cells with two g of alumina in a cold mortar im-
mersed in an ice bath. The grindings were sus-
pended in 4 volumes (per volume of cells ground)
of one per cent KH2PO4, adjusted to pH 6.3 to
6.8 with 20 per cent HBP04 and centrifuged at
3,300 G for 20 minutes. The clear or opalescent
supernatant was removed, the residue again ex-
tracted with buffer, and the supernatants com-
bined. S35 penicillin bound by whole cells was re-
leased similarly. Cell-bound penicillin is appar-
ently a complex of penicillin with a cell compo-
nent (Maass and Johnson, 1949b). It has been
found in this study that whole, washed M. pyo-
genes cells are permeable to but do not bind cell
bound S35 penicillin prepared in soluble form as
just described.
To determine the penicillin binding capacity

(the amount of binding component) of cell ex-
tracts, penicillin was added to 1.0 to 2.0 ml of
pH 6.3 extract, the mixture incubated as de-
sired, and then heated in a steam bath for 30
seconds to raise the temperature to 95 C, and

TABLE 2
Effect of incubation time and penicillin

concentration on penicillin uptake of
cell-free extracts

INCUBATION FINAL PEMUMPR CENT OP
TIME PENICILLIN WHOLE CELLCONCENTRATION UUAKX

min uper ml per g

3 0.25 0.58 71
20 0.27 0.47 57
180 0.24 0.64 78
5 0.13 0.70 85
5 0.32 0.71 87
5 0.86 0.70 85

Whole cell uptake was 0.82 u per g of wet cells,
the cell extract being equivalent to 0.17 g cells per
ml. The extract incubated for 5 minutes was pre-
pared separately.
The appropriate volume of concentrated pen-

icillin solution was added to the cell extract with
a micropipette, 1.0 ml samples removed after the
indicated incubation, immediately heated as
described in the text, cooled, and submitted for
assay.

maintained at 95 to 100 C for 60 seconds. Sam-
ples were then rapidly cooled and submitted for
assay of the free penicillin. Controls containing
only penicillin in pH 6.3 buffer showed no de-
struction of activity by heating in this manner.

RESULTS

Binding of penicillin by M. pyogenes cell-free
extracts. M. pyogenes extracts when tested for
penicillin binding capacity were found to bind
50 to 88 per cent, and in no instance more than
100 per cent, of the penicillin that would have
been bound by the whole cells from which they
were derived. Typical results are shown in table
1. Results for the release of cell bound S35 peni-
cillin also are included. As much as 22 per cent
of the bound S35 penicillin has been recovered
from cell debris in some experiments. Whole cell
uptake of penicillin is practically instantaneous
at penicillin concentrations of several tenths unit
per ml or greater, and the amount of uptake is
independent of the concentration employed
(Maass and Johnson, 1949a). The data in table 2
show that the total extract uptake occurs within
the time necessary to remove the initial sample
and that the amount of binding is unaffected by
the penicillin concentration up to 0.86 u per ml.
Thus, the same agent appears to be responsible
for both cell extract and whole cell binding. Fur-
ther evidence for this is shown in table 3. When
whole cells are treated with penicillin, washed
thoroughly to remove excess penicillin, and
ground, extracts of such preparations bind little
or no penicillin even after a two hour incubation.
The penicillin binding component is heat-labile,
approximately 80 per cent of the activity being

TABLE 3
Penicillin binding by extract of penicillin treated,

alumina-ground cells

TIME OBSERVED BINDING

mis M peri per
0 -0.01 -0.07
5 0.01 0.07

60 -0.02 -0.14
120 0.00 0.00

Penicillin treated whole cells bound 0.70 u per
g of wet cells. A corresponding extract uptake
would be 0.14 u per ml assuming extract binding
to be as great as that of whole cells. Three-tenths
u of penicillin was added per 1.0 ml of cell extract.
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TABLE 4
Solubility of bound S" penicillin in organic 80olventS

EXTRACTION OUND S45 sm-BOLVZM pH Z~~ILLKXTRACTD
BY SOLVENT

j.e CPU of toka

Ethyl ether 2.0 18
n-Butanol 3.0 10

8.5 5
Ethyl acetate 3.0 7

8.5 1

Bound penicillin was prepared by pH 6.3 buffer
extraction of alumina-ground, penicillin treated
cells. The extract (5.0 ml) was adjusted to the
indicated pH, shaken with an equal volume of
solvent, the solvent separated, evaporated in the
presence of pH 6.3 phosphate buffer, and aliquots
of the buffer removed for counting.

1.2

1.0 I
0.8

0.6

0.4

0.2

0.1 0.2 0.3 0.4 0.5 0.6
PENICILLIN, UNITS/ML UNBOUND

tFigurelS. The effect of penicillin concentration
on the uptake of penicillin by Saccharomyces carls-
bergensis cell-free extract.

Cell extract was prepared by the method used
for Micrococcus pyogenes celJ-free extracts. The
extracts after addition of penicillin with a micro-
pipette were incubated at room temperature for
one hour, heated in a steam bath (see text), cooled
rapidly, and submitted for assay.

destroyed (at pH 6.3) by the heat treatment de-
scribed under Methods. The binding component
in extracts is at least 90 per cent soluble in 3 per
cent trichloroacetic acid (TCA) when addition
of trichloroacetic acid is followed by rapid cen-
trifugation and readjustment to pH 6.3. Treat-

ment with crystalline trypsin and chymotrypsin
in the presence of toluene at pH 8.2 for 24 hours
resulted in only a 10 per cent loss of activity. The
component remains 70 per cent soluble after
pH 2.5 precipitation (H,PO4), but cell-bound S5I
penicillin extracted from ground cells was 70
per cent precipitable by such treatment.
The organic wolvent solubility of cell-bound

S3' penicillin extracted from ground cells is indi-
cated in table 4. In all cases the solubility is low.
Ninety-three to 100 per cent recovery of S35 was
obtained in all instances. Acetone-ether treatment
of cells at ice bath temperatures also did not re-
move the component. These results are in dis-
agreement with the recent findings of Cooper
(1953) who has reported the binding component
and cell-bound penicillin in his preparations to
be lipid soluble. Difference in methods of prepa-
ration may account for this discrepancy.

Cell-free extracts of fresh yeast cells show a dif-
ferent type of penicillin uptake. The effect of
concentration on this penicillin binding is shown
in figure 2. Although the amount of uptake is

TABLE 5
Effect of penicillin derivatives on the whole cell up-

take of BS$ peniciUin
(See figure 3 for derivative structure)

DAVSn- PEE
DERIATMTE PENXnMcH.wr

COC-UPTAKE CO
UTRTION TONL

asgPe ml u5'vg
1. Penicilloic acid 10 1.18 94
2. Penilloic acid 9 1.19 94
3. Penillic acid 12 1.20 95
4. Desthiopenicillin 20 0.69 96
5. Cysteine penicillin 21 0.77 104
6. Penicillamine 12 0.13 90
7. Penicillenic acid 12 0.20 40t
8. Penillonic acid 12 0.77 104

* Control uptake (no treatment), u per g: for
no. 1, 2, 3, 6 - 1.26; for no. 4, 5, 7, 8 - 0.74.

t Corrected for non-S' penicillin present in the
preparation.

Cells suspended in pH 6.3 phosphate buffer
containing the indicated concentration of deriv-
ative (in pH 6.3 buffer) were incubated one hour,
washed in buffer, treated with S"' penicillin for
30 minutes, washed, suspended in buffer, and
counted.

All cells (0.09 to 0.15 g per ml) were treated with
0.7 to 0.8 u per ml of penicillin. In no case was more
than 0.2 u per ml bound by the cells present.

I I I I F I
PENICILLIN UPTAKE
UNITS/ G _

I t I I # I
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H HSN #ICH3C6H5CH28-NH C- CH
I I I'CH3

HookC N-C-COOH
a H H 0

Penicilloic Acid

Penilloic Acid = a-decarboxylated
penicilloic a d

Cysteine Penicillin = a-H8CH2 NH-
COOH

derivative of penicilloic acid

COOH CH

N Ic, 'CH3
.o-N--C-COOH

PH2C6H5

Penillic Acid

/CH3
'-H

Penicillamine Penillonic Acid

HS C
N-C=CH VCH 3
11 I I I 'CH3

C0H5CHfCf-,Ct0 N-CC-COOH0%(-* H H

C6H5CH2c NH-C-CH2 HCBC3
I I 1CH3
,C-N -H
OOOH

Peniciflenic Acid Desthiopenicillin
Figure S. Structures of the benzyl penicillin derivatives tested for inhibition of penicillin uptake by

whole cells.

similar to that of M. pyogenes extracts, concen-
tration exerts a pronounced effect; in addition,
the uptake is not substantially heat-labile. Mua
and Johnson (1949a) had shown previously that
the penicillin resistant Saccharomyces cerevinae
did not bind 536 penicillin and was not penicillin
permeable. Sacharomyces carlsbergensis also has
been found to bind only 0.01 u or les per g of
wet cells.
Recent experiments in this laboratory (Sche-

partz and Johnson, 1953) indicate that M. pyo-
genes cell extracts also inhibit a type of penicillin
binding that is concentration dependent but
which is not reversible. No satisfactory explana-
tion for this behavior has been found. Few et al.
(1952, 1953) have reported the use of an electro-
dialysis method to determine specific penicillin
binding by cell-free preparations and that under
their conditions of cell rupture most of the spe-
cific binding (affected only slightly by penicillin
concentration) resides in the cell wall fraction.

Effect of penicillin deriatives on the 35 peni-
cilin uptake of whole cells. Structural derivatives
of penicillin which have no biological activity

80

60

40

20

20 40 60 s0 100 120 140

)OIAR RATIO. PIzMCIuMC ACD
PISNCILUN

Figure 4. The inhibition of B's penicillin cell
uptake by penicillenic acid.

Cells (0.27 g per 3.2 ml) were incubated for one
hour in pH 6.3 phosphate buffer containing the
indicated mixtures of penicillenic acid and 535
penicillin, washed, and resuspended in buffer for
counting. The SI" penicillin concentration varied
from 0.11 to 1.6 Ag per 3.2 ml, an excess of peni-
cillin always being present. The penicillenic acid
concentration varied from 5.5 to 50 pg per 3.2 ml.
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should not interfere with penicillin binding by
M. pyogenes cells if this binding is a direct cause
of growth inhibition. Eight derivatives were
tested for their ability to interfere with the nor-
mal cell binding of S35 penicillin. Washed cells
were treated with the derivative, washed, and
then treated with S35 penicillin since the ability
to block the cell site necessary for binding peni-
cillin was the critical property to be tested. The
concentration of derivative applied was 300 to
600 times the minimum molar penicillin concen-
tration necessary for inhibition. Concentrated
solutions (one to two mg per ml) of all derivatives
were found to be biologically inactive by plate
assay. The results are summarized in table 5.
Penicillamine produced a small effect. Only peni-
cillenic acid exhibited a substantial inhibition
effect. This effect was studied in more detail.

Since actual cell uptake of penidillenic acid ap-
peared to be involved, S3 penicillenic acid (ace-
tate-Cu++ method, from S35 penicillin) was em-
ployed. An actual uptake of 1.0 ,ug per g of wet
cells was detected after cells were treated with
4.9 ,ug per ml of S3" penicillenic acid and washed.
A 50 per cent inhibition of S3 penicillin uptake
occurred. This inhibitive effect can be demon-
strated also when penicillenic acid and S35 peni-
cillin are present together, as in figure 4. Acetate
alone (present in the penicillenic acid prepara-
tion) at pH 5.0 to 7.5 did not affect whole cell
penicillin uptake. The cell uptake of 86 peni-
cillenic acid was found to be dependent on the
concentration applied. In the presence of 0.53
Mug per ml, an uptake of 0.12 ,ug per g was ob-
served, but at 10.2 pg per ml, a 2.8 ,ug per g up-
take occurred; therefore, more penicillenic acid
was bound than penicillin.

Cells treated with unlabeled penicillin, washed,
and treated with S"6 penicillenic acid bound 2.63
Mug per g whereas normal cells bound 2.83 Mg per
g. If the two molecules have the same binding
site, only 2.28 Mg per g uptake should have oc-
curred; therefore, penicillenic acid is apparently
bound at a site different from that at which peni-
cillin is finally bound. If an equilibrium reaction
is involved in penicillenic acid uptake, the equi-
librium is reached slowly since incubation of the
unlabeled acid (8.1 Mg per ml) with cell-bound
S3 penicillenic acid (1.96 Mg per g wet cells; 0.08
g cells per ml) for one hour resulted in only 9 per
cent of the calculated exchange (1.34 Mg per g
instead of 0.12 Mug per g). Penicillenic acid will not
displace bound 83" penicillin from whole cells.

Since the acetate penicillenic acid preparation
was not pure, penicillenic acid prepared by the
previously mentioned HgC12 method was tested
but found to be only weakly inhibitory. Peni-
cillin uptake was inhibited only 18 per cent by 36
,Mg per ml. However, the inhibiting power of the
acetate preparation is diminished considerably by
pH 11 or benzylamine treatment (reagents which
decompose penicillenic acid). A closely related
derivative or a different cis-trans-isomer may be
involved.
A number of metabolic inhibitors also have

been tested for their effect on the 83" peniciUin
uptake of washed M. pyogenes cells. Arsenate,
fluoride, borate, hydrogen sulfide, iodoacetate,
and arsenite have no significant effect on uptake
by washed cells at the 0.1 M level for one hour
(H28 passed through cell suspension for 15 min-
utes). The following compounds caused the de-
noted percentage inhibition of uptake: 0.1 N 2,3-
dimercaptopropanol (BAL), 47; 0.1 m cyanide,
27; 0.1 M thioglycolate, 12; 0.1 X cysteine, 12.
All of the inhibiting compounds possess both re-
ducing and metal complexing properties. Di-
mercaptopropanol inhibition is not lessened ap-
preciably by the removal of dimercaptopropanol
before the addition of penicillin. The dimercapto-
propanol inhibition can be reversed by several
metal ions and by aeration as is shown in table 6.
Previous workers (Pratt and Dufrenoy, 1948;
Pital et al., 1953) have indicated that cells grow-
ing in the presence of Co++ are much more sensi-
tive to penicillin than in its absence. In view of
the relatively high metal ion concentration used,
the restorative effect indicated in table 6 may
occur by a mechanism not normally operative in
the cell. It is also of interest that incubation of
S8" penicillin treated and washed M. pyogenes
cells with 0.1 M dimercaptopropanol for an hour
causes a solubilization of 22 per cent of the bound
S35.
A reversibly reducible cell group (but one nor-

mally oxidized in washed cells) appears to be in-
volved in the penicillin binding reaction. The in-
hibition of penicillin uptake produced by the
penicillenic acid preparation also supports this
interpretation and suggests that this inhibitor
interferes with penicillin uptake by blocking a
cell site different from that finally occupied by
penicillin.
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TABLE 6
Release of the dimercaptopropanol (BAL) inhibition
of S"6 penicillin uptake by aeration and metal ions

SS PER CENT
TREATMNT PENICII OF CONTROL

UPTAE UPTAK

upPer g

Control (phosphate buffer 1.21 (100)
only)

BAL extraction* 0.64 53
BAL extractiont 0.72 60
Metal addition: (to cells, BAL

treated and washed)
Fe+ 0.72 60
Cu+ 0.99 82
Mnt 1.17 97
Cow 1.92 159
Mg+ 0.72 60
ZnH 0.56 46

Aeration (30 minutes) of BAL 0.94 78
treated, unwashed cells

Aeration (40 minutes) of BAL 1.07t 98
treated, washed cells

Control + Co++ 1.19 99
Control + MnH 1.16 98

* Cells unwashed before addition of penicillin.
t Cells washed with pH 6.3 phosphate buffer

before addition of penicillin.
I Control uptake - 1.09 u per g.
Cells were incubated for 4 hours with freshly

prepared approximately 0.1 M dimercaptopropanol
(extracted from a glass sealed arachis oil dimer-
captopropanol solution) in pH 6.3 phosphate
buffer, the cells (0.065 g wet cells per ml) collected
by centrifugation, and the treatment repeated
for a one hour and then a half hour interval.
Excess penicillin was added (before or after wash-
ing, and after metal treatment), the cells in-
cubated 30 minutes, penicillinase added to prevent
possible binding during preparation for counting,
and the unbound 535 removed by washing.
Washed dimercaptopropanol treated cells were

incubated 15 minutes with the solutions of me-
tallic ions (75 j&g m+ and 0.065 g cells per ml)
washed before addition of penicillin. Filtered,
compressed air was used for aeration. Double-
distilled water was used for the preparation of
metallic salts solutions and for washing dimer-
captopropanol treated cells.

SUMMARY

Cell-free extracts of alumina-ground Micro-
coccus pyogenes var aureus, strain H, cells bind
penicillin. This binding, similar in magnitude to
that of whole cells, is independent of the peni-

cillin concentration and appears to result from
reaction with the same agent responsible for
whole cell binding. Extracts of penicillin treated
cells do not bind penicillin.
Treatment of whole cells with a number of

penicillin derivatives does not prevent whole cell
binding of penicillin, but a preparation of peni-
cillenic acid does cause appreciable inhibition of
binding. An actual uptake of 83 may be demon-
strated when cells are exposed to an S3 peni-
cillenic acid preparation.
Dimercaptopropanol and cyanide cause appre-

ciable inhibition of whole cell penicillin binding.
The dimercaptopropanol inhibition may be re-
lieved completely by aeration or treatment of
the cells with certain metal ions.
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