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SYNTHESIS
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Macarbomycin, a new antibiotic active against gram-positive bacteria, was
shown to inhibit the synthesis of peptidoglycan both in vivo and in vitro.

The detailed mechanism of action is discussed.

Macarbomycinis a polysaccharide antibiotic isolated from a strain of Streptomyces
phaeochrornogenes by Umezawaand his co-workers in 19641}. It contains phosphorous
and is a member of the group including moenomycin2), prasinomycins3) and diumycins4).
These antibiotics are all active against gram-positive bacteria. Moenomycin and
prasinomycins are distinguished from marcarbomycin by the fact that the former

two liberate 6-deoxyglucosamine on acid hydrolysis. Both macarbomycin and diu-
mycins do not contain 6-deoxyglucosamine and their chemical relationship is still
obscure.

Prasinomycins5) and moenomycin6) have been shown to inhibit peptidoglycan
synthesis by bacteria. We studied the effect of macarbomycin on the growing cells

of Staphylococcus aureus and compared the mechanismof action of this antibiotic in
inhibiting the peptidoglycan synthesis in vitro with that of vancomycin. Vancomycin
was reported to bind to the cell wall resulting in inhibition of peptidoglycan synthesis,
but experimental evidence to show the binding of macarbomycinto the cell wall was
not obtained. This antibiotic directly inhibited the peptidoglycan synthetase.

Methods and Materials
1. Bacterial strains : The effect of macarbomycin on the growing bacterial cells was

studied with Staphylococcus aureus FDA209P. The participate fractions for peptidoglycan
synthesis in vitro were prepared from both S. aureus and Escherichia coli Y-10. The
preferential effect of the antibiotic on the bacterial strains carrying episomes was studied
with E. coli K12 W3630 and ML3996. Both strains were kindly supplied by Dr. S.

Mitsuhashi, Faculty of Medicine, Gunma University.
å 2* Media: CGmedium used for S. aureus contained 10g casamino acids, 3g NaCl,

2g glucose, 250mg MgSO4«7H2O, ll mg CaCl2, 1 mg thiamine-HCl, 0.6mg pyridoxal-
HC1, 2mg nicotinamide, 2g KH2PO4 and 7.3g tris per liter and was adjusted with HC.l
to pH 7.4. All E. coli strains were grown in nutrient-bouillon.

3. Growth of bacteria: For small scale experiments bacterial cells were grown in
L-tubes, each containing 10ml of medium, with shaking at 37°C. The optical density

(O. D.) at 600 mju was measured with Cole-man Spectrophotometer. In order to obtain the
particulate fractions for in vitro synthesis of peptidoglycan, S. aureus and E. coli Y-10
were grown on large scale in 10-liter reagent bottles with forced aeration.

* Present Address : Basic Research Laboratory, Toray Industries, Inc., Kamakura-shi, Japan
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4. Biochemical measurements: To determine the amount of cellular protein, cells

were washed with 5% perchloric acid and then extracted with 5% perchloric acid at
100°C for 30 minutes. The residue was dissolved in I n NaOHand the amount of protein
was measured by the method of Lowry7).

Incorporation of labeled compounds was determined as follows : uC-Labeled or 3H-
labeled compounds were added to 10ml cultures in L-tubes when O. D. (600mju) of the
cultures reached at about 0.2. At intervals 0.5ml samples were removed, cold 5%
trichloroacetic acid added, and the precipitates collected on membrane filters. The filters

were dried and counted in a scintillation counter. Labeled compoundswere obtained from
Daiichi Pure Chemicals except that 14C-N-acetylglucosamine was prepared from UC-
glucosamine and acetic anhydride by the procedure of Roseman and Ludwieg8).

14CO2-Evolution from the cultures which received various 14C-labeled compoundswas
à"determined as follows: Ten-ml cultures, grown in L-tubes to O.D. of 0.2 at 600mju>
were transferred into U-shaped tubes partitioned by a glass-filter disc in the middle.
14C-Labeled compounds were added as indicated and incubated at 37°C under aeration
from the one end of the U-tube. The exhaust air was passed through the same type
vessels that contained about 10 ml of a mixture of phenethylamine and methanol (1: 1).
After 60-minute incubation, the cultures were acidified by adding 2 ml of 50 % trichloro-
acetic acid and aeration was continued for another 60 minutes. The volume of the

phenethylamine-methanol mixture was measured and the radioactivity in 1.0 ml samples
of the mixture was determined in a scintillation counter. The volume of the culture

fluid was measured and 3-ml aliquots were kept standing in ice for a while and then
centrifuged for 10 minutes at 1,000g. The precipitates were resuspended in 3 ml of 10 %
trichloroacetic acid and the radioactivity of 1.0ml samples of each fraction of culture

fluid was determined as above and quenching was corrected by external standardization.
The total radioactivity for each fraction was calculated from its volumeand the corrected
radioactivity of each 1.0 ml samples.

5. Viable counts:

and duplicate samples of the final dilutions were spread on nutrient-bouillon agar plates.
Colonies were counted after overnight incubation.

6. Hemolysis: Paper discs dipped in the solution of various concentrations of

macarbomycin were placed on blood agar plates and incubated at 37°C overnight. The
plates were checked for hemolytic rings.

7. Nucleotide accumulation in cells : Cell wall precursors, accumulated in cells, were
extracted and determined according to Strominger1^.

8. In vitro synthesis of peptidoglycan : UDP-MurNAc-L-Ala-D-Glu-L-Lys-uC-D-

Ala-14C-D-Ala was prepared by the procedure of Neuhaus and Struve using enzymes
from Streptococcus faecalis R14). UDP-MurNAc-L-Alaà"D-Gluà"meso DAPà"14C-D-Alaà"UC-
D-Ala was kindly provided by Dr. K. Izaki, Faculty of Agriculture, Tohoku University.

The particulate fractions from S. aureus FDA209P and E. coli Y-10 were obtained
after grinding cells with quartz sand. After incubation, reaction mixtures were subjected
to paper chromatography on Toyo No. 514 filter paper in isobutyric-1 N NH4OH(5:3).
Peptidoglycan synthesized remained at the origin of the chromatogram. Lipid intermediate
formed and alanine released by the transpeptidase and carboxypeptidase activity of E. coli
particulate fractions were detected on the filter paper by autoradiography. These spots
were excised and counted in a liquid scintillation counter. The details of the above
procedures were identical with that described by Strominger et al.13)

Cell walls from S. aureus FDA209P were prepared by sonic disintegration of cells
and repeated centrifugations according to the method of Struve et al.15)
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Results

A. Effect of Macarbomycin on Growing Cells of S. aureus
A-l. Effect on the growth

As shown in Fig. 1a, the growth of 5. aureus was almost completely inhibited
by 1//g/ml or 10///ml of macarbomycin after 1 hour. But when 100/*g/ml of the

drup- was added, the O.D. of the culture kent rising oraduallv. The nhenomenon
that the O.D. curve for 100
//g/ml finished at a higher level

than those for the lower concen-
trations was quite reproducible.

However, as shown in Fig.

1b, when the amount of protein
per ml culture was taken as the
index of the growth instead of
the O.D., the final level of the
growth for 100 ^g/ml was equal
to that for 1 or 10/zg/ml. The

discrepancy might be explained
by the increase in the volume

or by some morphological modification of the bac-
terial cells under the influence of the high concen-

tration of macarbomycin.
A-2. Effect on the incorporation of labeled

compounds

In order to examine the effects of macarbomycin
on the synthesis of cellular macromolecules, the rate
of incorporation of various labeled compounds into
the acid-insoluble fraction of S. aureus was mea-
sured. Incorporation of 14C-casamino acids, 3H-

thymidine and 3H-uridine was only slightly inhibited
by 0.2, 1.0 or 5.0^g/ml of macarbomycin. The

inhibition of the incorporation during 20-minute
incubation with 5^g/ml was as follows: uC-casa-

mino acids, 22% ; 3H-thymidine, 6% ; 8H-uridine,
12%. Thus neither protein nor nucleic acid syn-
thesis could be assumed to be the primary site of

action of the antibiotic. However, when uC-adenine
was used instead of sH-thymidine or 3H-uridine, its incorporation during 20-minute

incubation with 5 //g/ml marcarbomycin was inhibited by 38 % (Fig. 2). The inhibition
of incorporation of uC-adenine can be attributed to a secondary effect of macarbo-
mycin which acts primarily on the peptidoglycan synthesis as described below.

Fig. 3 shows the effect of macarbomycin on the incorporation of uC-N-acetyl-

Fig. 1. Effect of macarbomycin on the growth of

5. aureus.
O.D. and the amount of protein per 0.3ml were

measured on the same set of L-tubes.

Fig. 2. Effect of macarbomycin
on the incorporation of
uC-adenine.

The amountof 14C-adenine added
was 0.01 fiC per ml (1 fiC/fimole).
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glucosamine into the acid-insoluble fraction. N-
Acetylglucosamine is a component of bacterial cell
wall and therefore the incorporation of 14C-N-
acetylglucosamine was thought to be an index for
the synthesis of cell wall. Macarbomycin inhibited
markedly and quickly the incorporation of this

precursor and the degree of inhibition was as much
as 65% after 20-minute incubation at 5/zg/ml of
the antibiotic. It should be noticed that the inhibi-

tion was already significant as early as 5minutes.
The highest concentration shown in Fig. 3 is 5 //g/ml,
but no greater extent of inhibition was observed at
concentrations of macarbomycin up to lOO^g/ml, when

the incubation period was limited to 20minutes. At
0.2jugIml, the degree of inhibition was about a half
of that observed at 5jug/ml. There was apparent
inhibition at a level as low as 0.05jug/ml. These

concentrations correspond to the minimuminhibitory
concentration of macarbomycin against the growth
of this organism, 0.05~0.2 /zg/ml,
as determined by the broth
dilution method. These results
strongly suggested that the pri-
mary site of action of macarbo-

mycin is cell wall synthesis.

When uC-N-acetylglucosa-

mine was replaced by the equi-
valent amount of 14C-glucosa-

mine, there was no incorporation
of the radioactivity into the acid-
insoluble fraction, although the
data are not shown here. It is

thought that N-acetylglucosamine
was preferentially used lor cell wall biosynthesis. The evolution ol 14UU2 during

incubation with uC-glucosamine, 14G-N-acetylglucosamine and 14C-glucose is shown
in Table 1 together with the distribution of the radioactivity in acid-soluble and
acid-insoluble fractions. Glucosamine was metabolized only slightly and mainly

remained unchanged in the medium under the experimental condition.
In S. aureus it is known that teichoic acid is a major component of cell wall,

and both teichoic acid and peptidoglycan contain N-acetylglucosamine9). According

to Park and Hancock10), teichoic acid together with nucleic acid can be quantitatively
extracted by heating in 5 % trichloroacetic acid at 90°C for 6 minutes, while peptido-
glycan remains intact. In the experiment shown in Fig. 4, the cells were labeled with

Fig. 3. Effect of macarbomycin
on the incorporation of
14C-N-acetylglucosamine.

The amount of 14C-N-acetylgluco-
samine added was 0.1;xC per ml (3

juC/j«mole).

Table 1. 14CO2 evolution from labeled compounds

Recovered radioactivity
Input

Labeled compounds radio- Culture
activity CO2 W^ Pr^HWhole 6uPer" veci-

natant pitates

l-14C-Glucose* 670 420 249 205 68

'AceSglucosamine 704 4 569 308 277
l-uC-Glucosamine 734 0 665 653** 54

Radioactivity is expressed as cprnxlO"3. Specific activity of
both 14C-N-acetylglucosamine and 14C-glucosamine was 3. 4 /*C/
jumole. For 14C-glucose it was not known.
* Whenglucose was labeled, the cells were resuspended in a
glucose-free medium just prior to incubation.

** The radioactivity in this fraction coincided with standard
D-glucosamine when subjected to paper-electrophoresis in a
buffer of formic acid-acetic acid-water (25 : 75 : 900).
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Fig. 4. Effect of macarbomycin
on the incorporation of
uC-N-acetylglucosamine.

The conditions for labelling was
the same as in Fig. 3. The cells

in 0.5 ml aliquots were precipitated
in 5% TCAtogether with about 3 mg

(dry weight) of non-labeled cells.
Hot TCA extraction was carried
out as described by Park and
Hancock10>.

a) Hot TCA-insoluble fraction
b) Hot TCA-soluble fraction

Fig. 5. Anion exchange chromatogram of
cold TCAextract from macarbomycin-

treated cells.

The extract prepared from 500 ml culture of
macarbomycin-treated 5. aureus (10 /*g/ml) was
applied to Dowex 1x2 column (Cl type, 6 cm3).

Elution was carried out according to Stro-
mingerU) : A, 0.002NHCI; B, 0.01nHCI; C,

0.05m NaCl in 0.01n HCI; D, 0.1mNaClin0.01
nHCI; E, 0.1NHCI; F, 0.5nHCI. Fractions
of 10ml were collected. The peak attubeNo.
24 was identified spectrophotometrically as

CMP, the peaks at 30 and 34 as AMP.

14C-N-acetylglucosamine and then fractionated
into two fractions, the hot TGA-soluble (Fig. 4b)
and TCA-insoluble (Fig. 4a) fractions. It is
obvious that macarbomycin has no effect on the

synthesis of teichoic acid and inhibits preferentially the synthesis of peptidoglycan.

A-3. Effect on the viability of cells

Since macarbomycin is a relatively high molecular compound and its reversible
dissociation was demonstrated in another paperJ), it is possible that the antibiotic
forms a micelle structure and affects the lipid layer of bacterial cell membrane. In
order to check the possibility that the antibiotic might affect cell membrane in
addition to the synthesis of cell wall peptidoglycan, we examined its effect on the
viability of cells. Viable counts of a culture started to decrease slowly when 10 /zg/ml
à"of the drug was added: It was reduced from 3.0xl08/ml to 1.0xl08/ml during 80-
minute incubation. This bacteriocidal effect is very weak and it does not suggest
that macarbomycin has action on cell membrane. Furthermore, the antibiotic did
not cause hemolysis of red blood cells even at the concentration of 1mg/ml in

contrast to other macromolecular peptide antibiotics such as gramicidin.
A-4. Nucleotide accumulation
It has been reported that those antibiotics which inhibit cell wall synthesis, such

as penicillin, vancomycin, ristocetin and bacitracin, cause an accumulation of cell
wall precursors, i. £., UDP-N-acetylmuramylpeptides.

Macarbomycinwas added to growing cells of S. aureus and the TCAextract of
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Table 2. Analysis of peak C and D.
"PeakC ^~7 PeakD p..

^moles/ml RatlQ /.moles/ml Ratl°
Uridine 0. 53 1. 00 0. 94 1. 00
Total P 1.15 2.16 1.74 1.85

NAcGA 0. 54 1. 02 0. 91 0. 97

D-Alanine 0. 88 1. 67 - -.
Amino acid Ala, Glu, Lys. Ala.

Each fraction was concentrated by charcoal adsorption and
elution. The analytical methods were as follows : Uridine,
spetrophotometry ; total phosphorus, the method described

by Ames12> ; N-acetylamino sugar, the method described by
Strominger115 ; D-alanine, pyruvate was measured colori-

metrically after acid hydrolysis and oxidation with D-amino
acid oxidase ; Amino acids, paper chromatography after acid
hydrolysis.

Fig. 7. Nucleotide accumulation as a
function of concentration of
macarbomycin.

The cultures were kept incubated for 2 hours
after the addition of macarbomycin.

Fig. 9. Effect of macarbomycin on the
peptidoglycan synthesis by 5. aureus
enzyme
The reaction condition was identical to

that described for Fig. 8 except that the
reaction was terminated after 4-hour incu-

bation. The amount of peptidoglycan and
intermediate was expressed as per cent
of that formed in the control. The dotted
line shows the dose response of peptido-
glycan synthesis at the one-fourth concen-

tration of 5. aureus enzyme.

Fig. 6. Nucleotide accumulation as
a function of time.

N-Acetylamino sugar in the extract
was determined and expressed as the
amount in 1 liter of culture at O.D.
(600mpO of 1.0. The concentration of

macarbomycin was 10 fig/ml.

Fig. 8. Time course of peptidoglycan synthesis
by S. aureus enzyme

The reaction mixture contained : Tris-HCl (pH8.6), 3 jumoles ; MgCl2, 0.1 //moles ; UDP-GluNAc,

12 mjumoles ; ATP, 20 m//moles ; UDP-MurNAc-
L-Ala-D-Glu-L-Lys- i4C-D-Ala- i4C-D-Ala, 0-30 mp-

moles (6.1x104 cpm) ; participate enzyme, 135 fig

(as protein). Total volume was 30jtel. The mix-
ture was incubated at 20°C. The reaction was

terminated by placing the tubes in a boiling water-
bath.

the cells was chromatographedon Dowex-1
column. The elution pattern observed was
virtually identical with that obtained with
penicillin11} (Fig. 5). Analysis of the main
two peaks clearly indicated that macarbo-
mycin also causes the accumulation of the
cell wall precursors. Table 2 shows that
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Fig. 10. Effect of vancomycin on the
peptidoglycan synthesis by S.
aureus enzyme.

The procedure was identical to that
described for Fig. 9.

Fig. ll. Effect of macarbomycin on

the peptidoglycan synthesis by E.
coli enzyme.

The reaction mixture contained : Tris-
HCl (pH7.5), 5//moles ; MgCl2, 1.25//moles;
UDP-GluNAc, 12 mjumoles ; UDP-MurNAc-

L-Alaà"D-Gluà"meso DAPà" 14C-D-Alaà" 14C-D-

Ala, 1.2 m/imoles (8.0x 104 cpm); particulate
enzyme, 100 fig (as protein). Total volume
was 35 ftl. The mixture was incubated at

30°C for 1 hour. The amount of peptido-
glycan, alanine and intermediate was
expressed as per cent of that formed in
the control. In the control the following
values of radioactivity were obtained :

peptidoglycan, 2375 cpm ; alanine, 4822 cpm;
intermediate, 21776 cpm.

Fig-. 12. Effect of vancomycin on

the peptidoglycan synthesis by E.
coli enzyme.

The procedure was identical to that
described for Fig. ll.

peak G corresponds to UDP-MurNAc-L-Alaà"

D-Glu-L-Lys-D-Ala-D-Ala and peak D to UDP-
MurNAc-L-Ala, respectively.

The nucleotides, which were measured by
the content of N-acetylamino sugar in the

TGAextract, started to accumulate promptly
on addition of the antibiotic and reached a
plateau after 2-hour incubation (Fig. 6). The
relationship between the concentration of

macarbomycinand the amount of accumulated
nucleotides after 2-hour incubation is shown

in Fig. 7. Although the data are not shown
here, the amount of accumulated nucleotides
was much larger than that obtained with
penicillin-treated cells.

B. Effect of Marcarbomycin on in vitro
Synthesis of Peptidoglycan

As it was clearly demonstrated that the

primary site of action of macarbomycin on the
growing cells of S..aureus FDA 209P is the
synthesis of peptidoglycan, we proceeded to
examine the effect of the antibiotic on in vitro synthesis of peptidoglycan. The
participate fractions obtained from S. aureus FDA 209P and E. colt Y-10 were

employed. Fig. 8 shows the kinetics of the incorporation of radioactivity into peptido-
glycan and the lipid intermediate when the particulate fractions from 5. aureus
were incubated with UDP-MurNAc-L-Ala-D-Glu-L-Lys-14G-D-Ala-uG-D-Ala. With

our enzymefrom S. aureus, the amount of peptidoglycan synthesized was muchless
than that of lipid intermediate, although peptidoglycan synthesis was linear during
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incubation for 6 hours. According to Strominger and his co-workers, lipid inter-

mediate was formed very rapidly at first and then maintained at a constant level to
be outstripped by the synthesis of peptidoglycan16). The reason why with our enzyme
peptidoglycan was formed at a lower rate when compared to the level of lipid
intermediate is not known.

The effect of macarbomycinand vancomycin on the synthesis of peptidoglycan
is shown in Fig. 9 and Fig. 10, respectively. Vancomycin is another polysaccharide
antibiotic and is known to inhibit the synthesis of peptidoglycan17). Both antibiotics,
evidently inhibited the reaction. In case of vancomycin the peptidoglycan synthesis
was not appreciably affected at concentrations lower than 50//g/ml, while at or
above 50jug/ml marked inhibition was observed. On the contrary, macarbomycin
showed a very sluggish dose-response curve. The antibiotic inhibited the synthesis

of peptidoglycan to some extent at the concentration of as low as 0.1 jug/ml and the
amount of peptidoglycan synthesized gradually decreased as the concentration of the

drug was increased. However, even at a concentration of 100/zg/ml, the inhibition
was not complete and a small amount of peptidoglycan was formed. Lipid inter-
mediate formation was stimulated by lower concentrations of the antibiotics, especially
by macarbomycin, and only at very high concentrations inhibition was observed*
When the amount of particulate enzyme was reduced, the sensitivities of peptido-

glycan synthesis to the antibiotics increased (Dotted lines in Fig. 9 and Fig. 10).
The effect of substrate concentration on the inhibition of peptidoglycan synthesis

is shown in Table 3. In our assay system the amount of UDP-MurNAc-L-Alaà"d-G1uà"
L-Lys-14C-D-Ala-uC-D-Ala was far less than that of UDP-GluNAc, so the amount
of the radioactive substrate was varied. The inhibition by vancomycin was reversed
by increasing the concentration of the substrate, whereas macarbomycin inhibited the
reaction to the same degree at different concentrations of the substrate.

Table 4 shows the effect of cell walls on the inhibition of peptidoglycan synthesis
by the antibiotics. Additions of cell walls to the reaction mixture containing vanco-
mycin reversed most of the inhibition by the antibiotic. On the contrary, the

inhibition by macarbomycin was not reversed by the addition of cell walls.
Table 3. Effect of substrate concentration Table 4. Effect of cell-wall on the inhibition
UDP-

MurNAc-
pentapeptide
(n moles)

Antibiotic
Peptido-
glycan

formed
(cpm)

Percent
by antibiotics

inhibi-
tion Antibiotics

The reaction conditions were identical to those
described for Fig. 8 except that the reaction was
terminated after 5-hour incubation and one-fourth
as muchenzymewas used.

Peptido-
glycan
formed
(cpm)

Percent
inhibi-
tion

The reaction conditions were identical to those
described for Fig. 8 except that the reaction was
terminated after 5-hour incubation and that 125 fig
(dry weight) of cell walls was added per tube where
indicated.
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Table 5. Effect of preincubation on the inhibition by macarbomycin

FEB. 1972

The reaction conditions were identical to those described for Fig. 8.

The data shows that macarbomycin has no affinity for cell walls in contrast to
vaneomycin, and it was inferred that macarbomycin might show some affinity for

peptidoglycan synthetase itself. However, as shown in Table 5, preincubation of the
participate enzyme with macarbomycin did not alter the degree of inhibition.
Neither macarbomycinnor vancomycin inhibits the growth of E. coli even at a

concentration of 100 jugIml, but in vitro synthesis of peptidoglycan by the particulate
enzyme obtained from the same organisms is inhibited by these antibiotics at the

same concentration that is required to inhibit the enzyme from S. aureus FDA209P.
The effect of marcarbomycin and vancomycin on in vitro synthesis of peptidoglycan
by the particulate enzyme obtained from E. coli Y-10 is shown in Fig. ll and Fig. 12,
respectively. Again with our enzyme from E. coli Y-10, the amount of peptidoglycan
synthesized was much less than that of lipid intermediate formed. The amount of
released alanine was a little larger than that of peptidoglycan synthesized. As was

the case with the enzyme from S. aureus FDA209P, macarbomycin showed a much
more sluggish dose-response than vancomycin. Furthermore, vancomycin inhibited
the release of alanine at higher concentrations, but macarbomycin showed no effect
on the release of alanine. It is clear that macarbomycin allows carboxypeptidase to

hydrolyze the radioactive substrate without concomitant synthesis of peptidoglycan.
G. Effect of Macarbomycin on the Incorporation of UG-N-

Acetylglucosamine by E. coli Strain Carrying Episomes
Macarbomycin is active against Gram-positive bacteria and shows only slight

activity against E. coli. However, it was recently reported by Mitsuhashi et al. that
the sensitivity of E. coli strains to macarbomycinis enhanced by an introduction of
episomes such as F, R and T factors18). In order to check if enhanced sensitivity
by the presence of episomes can be attributed to the inhibition of peptidoglycan

synthesis, the effect of the antibiotic on the incorporation of 14C-N-acetylglucosamine

into the TCA-insoluble fraction was determined.
We confirmed Mitsubishi's observation. The MIG of macarbomycin against E.

coli K12 W3630 was 50 jugIml and that against E. coli K12 ML3996 carrying R factor
was 0.78tigjml. The latter strain was also more sensitive to vancomycin: MIG
against E. coli K12 ML3996 was 12.5jug/ml and that against E. coli K12 W3630 was
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100jLLg/ml. As shown in Fig. 13,

macarbomycin showed no effect on
the incorporation of uC-N-acetyl
glucosamine by the strain W3630.
In contrast, with the strain ML3996
the same dose caused an apparent
inhibition.

Since the incorporated radio-
activity does not localize solely in
peptidoglycan, it is reasonable to
assume that with the strain ML3996
macarbomycin would inhibit the
synthesis of peptidoglycan as the
primary site of action and that the
presence of episome would have
modified the structure of the cell surface in such a way that the antibiotic might
reach the susceptible enzyme which is responsible for the synthesis of peptidoglycan*

Fig. 13. Effect of macarbomycin on the

incorporation of 14C-N-acetylglucosamine
by E. coli cells.
14C-N-Acetylglucosamine (12. 3 /iC/^moles) was added

to a final concentration of 0.1 juC/ml.

Discussions

Above results clearly show that macarbomycin is a specific inhibitor of peptidoglycan
synthesis. The fact that in a cell-free system the inhibition can not be reversed by the
addition of cell walls or by increasing the concentration of substrate, suggests that
macarbomycin binds to peptidoglycan synthetase itself, rather than to cell walls or UDP-
N-acetylmuramyl pentapeptide. Vancomycin is known to bind to cell walls and thus
block the transfer of disaccharide unit from lipid intermediate to the growing point of
the cell walls17>18). Preincubation of the particulate enzyme with macarbomycin did not
affect the degree of inhibition and so we have no concrete evidence of the binding of

the antibiotic to peptidoglycan synthetase. Our particulate fraction contains both peptido-
glycan synthetase and cell walls as the acceptor of the disaccharide unit. It is impossible
to substantiate the notion that the antibiotic binds to peptidoglycan synthetase until we
can solubilize the enzyme and examine the unit reactions of the polymerization of the
disaccharide unit.
: Macarbomycin is known to dissociate reversibly into subunits in methanol1^ This
may be related to the sluggish dose response of the antibiotic, which is in a sharp
contrast with vancomycin. The dissociation might occur also in water (or when the
antibiotic comes in contact with the lipid molecules of the bacterial membrane) and the
resulting subunits might effectively bind to or affect peptidoglycan synthetase.
The strains of E. coli carrying R factors are known to produce R pili similar to F pili,

and the pili have been considered to participate in the conjugal transfer of episomes20>2l).
Mitsuhashi proposed that the preferential effect of macarbomycin on the bacterial strains

carrying episomes might be explained by its interaction with such specific materials as R
pili on the bacterial surface18). But the detailed mechanism of the preferential inhibition
awaits further studies.

Studies with labeled compounds indicate that growing cells of S. aureus incorporate
uC-N-acetylglucosamine far more effectively than 14C-glucosamine and that incorporation

of N-acetylglucosamine can be taken as an index of peptidoglycan synthesis.
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