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New 7-methoxycephem antibiotics were found in culture filtrates of a bacterium isolated

from a plant and named cephabacin M1_8. They are the first members of 7-methoxycephem 
antibiotics of bacterial origin. The producing organism was taxonomically characterized 
and identified as Xanthomonas lactamgena YK-431; other strains of this species have recently 
been reported to produce cephabacin F and H group antibiotics. Cephabacin M1_0 ex-
hibited moderate antibacterial activity against Gram-negative and Gram-positive bacteria. 
Cephabacin M,_6 were as stable as cephamycin C to cephalosporinases. They showed in-
hibitory activity against a cephalosporinase of Proteus vulgaris GN 4413. The mode of 
action of cephabacin M, was examined using Escherichia coli and Bacillus subtilis as test 
organisms; primary lethal targets of cephabacin M, are penicillin-binding protein (PBP) I 
in E. coli and PBP 4 in B. subtilis.

We have recently reported 15 new cephem antibiotics with oligopeptide side chains at the C-3 posi-

tion produced by two species of Gram-negative bacteria, Lysobacter lactamgenus YK-90 and Xan-

thomonas lactamgena YK-278 and YK-2801'3). The antibiotics were named cephabacins after cephem 

antibiotics of bacterial origin. They are classified into two types, cephabacin F and H group antibiotics, 

according to the presence or absence of a 7-formylamino substituent, respectively. The former are 

highly resistant to hydrolysis by various types of (3-lactamases". In this paper and the accompanying 

paper'', we describe a new group of cephabacins, cephabacin M1_6 (Fig. 1), which are the first mem-

bers of 7-methoxycephem antibiotics of bacterial origin.

In 1971, A-16886 B (CMC*) and A-16884 A (7-methoxy CPC), the first 7-methoxycephem anti-

biotics, were reported to be produced by procaryotes, Streptomyces clavuligerus and S. lipmanii, re-

spectively'); this discovery opened up a new era of screening for R-lactam antibiotics which had been 

believed to be only fungal metabolites until then. Since the discovery of these antibiotics, several 

other 7-methoxycephem antibiotics have been reported as metabolites of some Streptomyces species'-').

This paper deals with characterization of the producing organism, the fermentation, biological

activities - such as antibacterial activity, stability to Q-lactamases, and inhibitory activity against (-

lactamases - and mode of action of cephabacin M1_6.

Taxonomy of the Producing Organism

Strain YK-431 producing cephabacin M1,,.6 was isolated on an agar plate containing colloidal

* Abbreviations of antibiotics used are: DACPC
, deacetoxycephalosporin C; DCPC, deacetylcephalos-

porin C; CPC, cephalosporin C; CMC, cephamycin C.
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chitin as a sole carbon source from a plant sample obtained at Mine district in Yamaguchi Prefecture, 

Japan. Strain YK-431 is a Gram-negative, aerobic, lemon-yellow, polar-flagellated rod. It seems 

to have cellular pigment(s) giving a deep-blue color with concentrated sulfuric acid"), but did not 

produce any diffusible pigment. The following characteristics of strain YK-431 were negative; reduc-
tion of nitrate, denitrification, methyl red test, Voges-Proskauer test, production of indole, H,S and 

urease, and utilization of potassium nitrate. The following characteristics were positive; liquefaction 

of gelatin, hydrolysis of starch, utilization of citrate and ammonium sulfate, and production of oxidase 

and catalase. The oxidation-fermentation test of strain YK-431 was oxidative. The strain degraded 

colloidal chitin, carboxymethyl cellulose and Tween 80, but not alginate and agar. It utilized L-ara-

binose, D-xylose, D-glucose, D-mannose, D-fructose, D-galactose, maltose, sucrose, lactose, trehalose, 

D-sorbitol, glycerol, and starch as a sole carbon source, but did not utilize D-mannitol and inositol. 

It did not form acid or gas from any of these sugars. The guanine plus cytosine content (%) of DNA 

of strain YK-431 was 75.8±1.5 by the thermal denaturation method.

The above gross characteristics of strain YK-431 indicate that it is the same species as X. lac-

tamgena, one of the producers of cephabacin F and H group antibiotics".

Fermentation

Seed culture for large-scale fermentation was performed by inoculating a loopful of cells into a

2-liter Sakaguchi flask containing 500 ml of a seed medium described before') and incubating the 

flask at 24°C for 48 hours on a reciprocal shaker (125 rpm). All of the seed culture was transferred 

into a 200-liter fermentor containing 120 liters of the seed medium supplemented with 0.05 % of Actocol 

(an antiform, Takeda Chemical Industries, Ltd.). The seed culture was incubated at 24°C for 48 

hours with an agitation rate of 150 rpm and an air flow of 120 liters/minute. Sixty liters of this cul-

ture was transferred into a 2,000-liter fermentor containing 1,200 liters of a large-scale fermentation 

medium consisting of dextrin 3%, soybean flour 1.5%, corn-gluten meal 1.5%, Polypepton (Daigo 

Nutritive Co., Ltd.) 0.2%, Na2S.O3.5H2O 0.1 ',/,and Actocol 0.05Y. (pH not adjusted). The fermen-

tation was carried out at 20°C for 66 hours with an agitation rate of 100 rpm and an air flow of 1,200 

liters/minute.

A typical fermentation profile is shown in Fig. 2. The total potency calculated as cephabacin M,

was about 70 ug/ml. The major products of cephabacin M group antibiotics were components M,

Fig. 1. Structures of cephabacin M,_,.
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and M,S). It is of interest that although strains 

YK-278 and YK-280 coproduce compounds with 

the 7-formylamino substituent, cephabacin F 

group antibiotics, and their corresponding non-

substituted compounds, cephabacin H group 

antibiotics' 2), strain YK-431 produces only com-

pounds with the 7-methoxy substituent, cepha-

bacin M group antibiotics.

DACPC and a compound sensitive to peni-

cillinases, which was indistinguishable from peni-

cillin N in mobilities on TLC-bioautography and 

HPLC, were detected only in cells of the early 

phase of the fermentation. These compounds 
disappeared in cells of the late phase accompanied 

by the accumulation of cephabacin M group 

antibiotics detected only in the culture filtrate 

(data not shown).

Antibacterial Activity

As shown in Table 1, cephabacin M,_s were

moderately active against a wide range of Gram-

negative and Gram-positive bacteria. Cephabacin 

M1 having the shortest peptide side chain at the 

C-3 position showed the most potent activity.

Because 7-methoxy DCPC showed far weaker antibacterial activity than cephabacin M,_6 (Table 1), 

it is clear that the oligopeptide side chains of cephabacin M group antibiotics potentiate their anti-

bacterial activity. The antibacterial spectra of cephabacin M,_6 were intermediate between those of 

cephabacin F and H group antibiotics').

Stability to Q-Lactamases

Cephabacin M, _a were far more stable against various types of cephalosporinases than was CPC

(Table 2). As shown in Table 3, the stability of cephabacin M, to the enzymes was comparable to 

that of CMC and higher than that of cephabacin H, but lower than that of cephabacin F, with the 

7-formylamino substituent. On the other hand, cephabacin H, was more stable to the enzymes 

than CPC. Hence, both the 7-methoxy substituent and the oligopeptide side chains at the C-3 posi-

tion of cephabacin M group antibiotics seem to contribute to the stability against the cephalosporinases.

/3-Lactamse Inhibitory Activity

We have developed a convenient assay system, St/Si system, to determine inhibitory activity

against a cephalosporinase of Proteus vulgaris GN 44131'. Cephabacin M,-,6 and CMC showed potent 

inhibitory activity in this system whereas 7-methoxy DCPC and DCPC did not (Table 4).

In a cell-free assay system described previously"), cephabacin M group antibiotics showed an in-

hibitory activity intermediate to those of cephabacin F and H group antibiotics" (data not shown). 

Cephabacin M,_6 did not inhibit the activities of penicillinases of Staphylococcus aureus 1840 and

Fig. 2. Time-course of large-scale fermentation for

cephabacin M,_a production.

Potency (•); calculated as cephabacin M1 using
Pseudomonas aeruginosa C141, a j-lactam hyper-
sensitive mutants", as a test organism. Growth 
(O); the DNA content was determined by the 
method of BURTON") after extraction with 5 

perchloric acid. Residual sugar (A); determined 
by the glucose oxidase method. pH (o).

Time (hours)
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Table 1. Antibacterial activity of cephabacin M,_e and 7-methoxy DCPC.

Organism
M,

MIC (µg/ml) at 106 cfu/ml

M0 M3 M4 M5 M,
DCPC

7-Methoxy

Escherichia coli NIHJ JC2 

Salmonella typhimurium

IFO 12529

Citrobacter freandii
IFO 12681

Klebsiella pneumoniae

IFO 3317

Enterobacter cloacae

IFO 12937

Serratia marcescens

IFO 12648

Proteus mirabilis

ATCC 21100

P. vulgarls IFO 3988 

P. morganii IFO 3168 

Pseudomonas aeruginosa

IFO 3080

Alcaligenes faecalis IFO 13111 
Acinetobacter calcoaceticus

IFO 12552

Staphylococcus aureus

FDA 209P

Bacillus subtilis PCI 219 

B. megaterium IFO 12108 

Brevibacterium thiogenitalis

ATCC 19240

12.5

6.25

> 100

12.5

> 100 

> 100

6.25

12.5 

12.5

> 100

3.13

50 

50

3.13 

3.13

6.25

50

12.5

> 100

12.5

> 100 

> 100

6.25

25 

25

> 100

6.25

100

50

6.25 

6.25

12.5

100

12.5

> 100

12.5

> 100 

> 100

6.25

25 

12.5

>100

3.13

100

50

6.25 

6.25

12.5

100

12.5

> 100

12.5

> 100 

> 100

25

100

25

> 100

12.5

50 

25

3.13

3.13

6.25

>100

12.5

> 100

12.5

> 100 

> 100

25

100

25

> 100

12.5

100

25

3.13 

3.13

6.25

> 100

25

>100

12.5

> 100 

> 100

50

> 100

25

> 100

12.5

100

25

3.13 

3.13

6.25

> 100

100

> 100 

> 100 

> 100 

> 100

25 

50

> 100

> 100

12.5

> 100

> 100 

> 100 

> 100

>100

MICs were determined by 2-fold agar dilution method as described previously ''2 .

Table 2. Stability of cephabacin Ml_e and CPC to cephalosporinases.

Source of enzyme Unit/ml
Cephabacin

M, M,, M, M4 M5 M,
CPC

Enterobacter cloacae IFO 12937 
Proteus vulgaris GN 4413 
Escherichia coli 205 TEM R+ (566) 
Pseudomonas aeruginosa U 31 
None

1 x10-3 

1x10-° 

1x10-3 

1x10-3

27 

30.5 

27 

25.5 

30

20.5 

25 

21.5 

21 

24.5

18.5 

21 

18.5 

20.5 

21

17 

20 

17.5 

18 

20

16 

17 

16 

17 

17

15 

17 

16 

16 

17

11 

10 

10.5 

33

Stability to 3-lactamases was assayed on nutrient agar plates seeded with P. aeruginosa C141, a j3-

lactam hypersensitive mutant'), in the presence or absence of a cephalosporinase. The enzyme of E. coli 
205 TEM R+ (566) is a product of Boehringer Mannheim Co. (Germany) and the other enzymes were 

partially purified from cell lysates as described previously13r. Figures in the table are diameters (mm) 
of inhibition zones. The concentrations of cephabacin M,_8 and CPC tested were 100 and 10 Fig/ml, re-
spectively.

-; No inhibition zone .

Escherichia coli TN713 and a cephalosporina.se of Enterobacter cloacae TN1282.

Mode of Action

The mode of action of cephabacins M, and M4 was examined using E. coli LD-2 and Bacillus
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Table 3. Comparison of stability of cephabacins M,
, F, and H„ CMC, and CPC to cephalosporinases,

Source of enzyme Unit/ml
Cephabacin

M, F, H,
CMC CPC

Enterobacter cloacae IFO 12937 

Proteus vulgaris GN 4413 

Escherichia coil 205 TEM R+ (566) 

Pseudonionas aeruginosa U 31 

None

1 X 10_2 

1x10-3 

1x10 

IX10-3 

1x10 

1X10-3 

1x10 

I X 10-3

25 

28 

28 

13 

26 

10 

26 

28

30.5 

32 

32 

32 

31 

32 

32 

32 

32

26.5 

17 

31 

23.5 

23.5 

34

27 

34.5 

34 

30 

30 

34.5

12.5 

16.5 

11 

11.5 

32

The experimental conditions, see the legend to Table 2 . The concentrations of cephabacins. CMC.
and CPC tested were 100, 100, and 10 jig/ml, respectively.

-; No inhibition zone .

Table 4. Inhibitory activity of cephabacin M1_6 and

related antibiotics against a cephalosporinase of 

Proteus vulgaris GN 4413.

Compound
Inhibition zone (cmm)

St Si

Cephabacin M,

M~ 

M3 

M, 

M, 

M,

CMC 

7-Methoxy DCPC 

DCPC

21.5 

20 

20 

21 

21 

20 

32

(3-Lactamase inhibitory activity was assayed by
comparing diameters of inhibition zones on plates 

(St) seeded with Staphylococcus aureus FDA 209P 
and plates (Si) seeded with the same organism, 
containing 0.002 unit/ml of a cephalosporinase of 
P. vulgaris GN 4413 and 2 jig/ml of cephaloridine'). 
The concentrations of the antibiotics tested were 
100 jig/mi.

-; No inhibition zone .

Table 5. Antibacterial activity of cephabacins M,

and M, and related antibiotics.

Compound

MIC (µg/ml) at 101 cfu/ml

Escherichia
coil

LD-2

Bacillus
subtilis
PCI 219

Cephabacin M,

M4

7-Methoxy DCPC 

Cephabacin F, 

7-Formylamino DCPC 

Cephabacin H, 

DCPC

6.25

25

200

6.25

50 

12.5 

25

3.13 

3.13

400

3.13

200

0.78

3.13

MICs were determined by the 2-fold agar dilu-

tion method as described previously'''-).

subtilis PCI 219 as test organisms. The anti-

bacterial activity of the compounds used in this 

study is shown in Table 5.

Cephabacins M, and M, showed strong lytic

activity against E. coil LD-2 and B. subtilis PCI

219, whereas 7-methoxy DCPC had weaker

activity (Fig. 3). In this experiment, morphological changes of E. coil LD-2 induced by cephabacins 

M, and M, were followed microscopically every hour. They formed spheroplasts leading to cell lysis, 

but never induced filamentous cells even under any concentrations tested (x 0. 1, x 1 and x 10 MIC).

The inhibitory activities of cephabacins M, and M, for peptidoglycan synthesis of E. coli LD-2

and B. subtilis PCI 219 were compared with those of several related antibiotics listed in Table 5. As 

shown in Fig. 4, cephabacin M, showed stronger inhibitory activity than cephabacin H, but weaker 

activity than cephabacin F, against E. coil LD-2. The inhibitory activity of cephabacin M, was similar 

to that of cephabacin H,. PGI,, values defined as concentrations required to inhibit peptidoglycan 

synthesis by 50Y. of cephabacins M,, M,, F, and H„ and 7-methoxy DCPC, 7-formylamino DCPC,



1146 THE JOURNAL OF ANTIBIOTICS SEPT. 1985

Fig. 3. Lytic activity of cephabacins M, and M4, and 7-methoxy DCPC against Escherichia coli LD-2 and

Bacillus subtilis PCI 219.

Cultures of E. coli LD-2 and B. subtilis PCI 219 grown in DYAB medium'") to the exponential

phase were diluted 5-fold with the fresh medium. Portions (4.5 ml) of the diluted cultures were de-
livered into sterilized tubes which were then incubated at 37°C with reciprocal shaking. After 2.5 
hour-incubation, 0.5 ml of a solution of cephabacin M, (A, D), M, (B, E) or 7-methoxy DCPC (C, F) 
was added to the culture of E. coli LD-2 (A, B, C) or B. subtilis PCI 219 (D, E, F). Growth was fol-
lowed by measuring the absorbance at 600 nm every hour with a Spectronic 20 colorimeter (Shimadzu, 
Bausch & Lomb).

and DCPC were 7.5, 23, 3.8, 19, 540, 98, and 54 pg/ml, respectively. Their minimum inhibitory 

concentrations (MICs) showed close agreement with their inhibitory activities for peptidoglycan syn-

thesis in terms of PGI50 values, suggesting that the mode of action was similar in each (Fig. 6).

On the other hand, against B. subtilis PCI 219, cephabacin H, exerted the most potent inhibitory

activity among the antibiotics tested. Cephabacins M,, M,, and F„ and DCPC showed similar in-

hibitory activity, whereas 7-methoxy and 7-formylamino DCPC showed far weaker activity than the 

other cephem antibiotics (Fig. 5). The PGI,, values of cephabacin M„ M,, F„ and H„ 7-methoxy 

DCPC, 7-formylamino DCPC, and DCPC were 10, 5, 7.4, 1.5, 740, 245, and 9.6 lig/ml, respectively. 

There is also a parallel relationship between the MICs and the PGI50 values against this organism

(Fig. 6).

The affinity of cephabacin M, for penicillin-binding proteins (PBPs) in E. coli LD-2 and B. subtilis

PCI 219 was assayed by a competitive binding experiment with [14C]benzylpenicillin as described

O Control, A x 1 MIC of cephabacins M, and M4 and 100,ig/ml of 7-methoxy DCPC, A x 10
MIC of cephabacins M, and M, and 1,000 Fig/ml of 7-methoxy DCPC.

A B C

D E F

Time (hours)
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Fig. 4. Inhibition of peptidoglycan synthesis in Escherichia coli LD-2 by cephabacins M1 and My, and

related antibiotics.

Peptidoglycan synthesis was assayed by incorporation of [G-'H]diaminopimelic acid (281 mCi/
mmol, Amersham) into hot TCA-insoluble fraction as described previously12).

0 Cephabacin M1, v cephabacin M4, o cephabacin F1, 0 cephabacin H1, • 7-methoxy DCPC,

A 7-formylamino DCPC, • DCPC.

Concentration (pg/ml)

Fig. 5. Inhibition of peptidoglycan synthesis in Bacillus subtilis PCI 219 by cephabacins M1 and M,, and

related antibiotics.

The experimental conditions and symbols of the antibiotics, see the legend to Fig. 4.

Concentration (pg/ml)

previously 12 . Among the lethal targets in E. coli, PBP 1, 2 and 3, cephabacin M1 preferentially bound 

to PBP I (JA and 1B) (Fig. 7 and Table 6). Fig. 8 shows the comparison of the affinities of cepha-

bacins M, and M4, and 7-methoxy DCPC for the PBPs in E. coli LD-2. Cephabacin M4 had a similar 

affinity profile to that of cephabacin M1. In contrast, 7-methoxy DCPC showed far lower affinity 

for the PBPs than did cephabacins M1 and M4, reflecting its weak antibacterial activity against this 

organism. From these results, it is concluded that cephabacin M1 and possibly all other cephabacin M
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Fig. 6. Correlation between MICs and PG130 values

against Escherichia coli LD-2 and Bacillus subtilis 

PCI 219.

This figure is based on the data shown in Table

5 and Figs. 4 and 5.

C E. coli LD-2, 0 B. subtilis PCI 219.

group antibiotics prevent the function of PBP 1 

in E. coli, the main transpeptidase-transglycosy-

lase involved in elongation of the murein sacculus, 

leading to the inhibition of peptidoglycan syn-

thesis and to spheroplasting and cell lysis.

On the other hand, cephabacin M1 showed

the highest affinity for PBP 4 among the possible

lethal targets, PBP 1, 2, and 4, in B. subtilis (Fig. 7 and Table 6)'4'. The I5l value of cephabacin M1 

for PBP 4 (2.3 Isg/ml) was almost equal to that of cephabacin F1 (1.8 /ig/ml)4'. These values were 

consistent with their MICs (3.13 lcg/ml) against this organism (Table 5).

Cephabacin M1 had high affinity for D-alanine carboxypeptidases, PBP 4-6 in E. coli and PBP

5 in B. subtilis"'; this property appears to be common among 7-methoxycephem antibiotics' 1-17) .

Fig. 7. Competition of cephabacin M, for ['4C]-
benzylpenicillin binding to PBPs in Escherichia 

coli LD-2 and Bacillus subtilis PCI 219.

The assays of the affinity for PBPs in E. coli

LD-2 and B. subtilis PCI 219 were carried out as 

described previously='.

MIC (pg/ml)

A E. coli LD-2

Concentration (pg/ml)

B B. subtilis PCI 219

Concentration (pg/ml)

Table 6. Affinities of cephabacin M, for each PBP in Escherichia coli LD-2 and Bacillus subtilis PCI 219.

Organism

1so (1g/ml)"

PBP

IA 1B 1 2 3 5 5/6 7

E. coli LD-2 

B. subtilis PCI 219

37 30

3.7

> 500

32

330

29

32

4

2.3 1.0

14

In,,a      a concentration required to inhibit binding of ["C]benzylpenicillin to each PBP by 50%, was quan-
titated with the fluorograms shown in Fig. 7.

b The affinity for PBP 7 was positive but not quantitated .
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Fig. 8. Comparison of affinities of cephabacins M1 and M4, and 7-methoxy DCPC for PBPs in Escherichia

coli LD-2.

A, 7-Methoxy DCPC; B, cephabacin MI; C, cephabacin M,.

Discussion

In this report, we have described the first members of 7-methoxycephem antibiotics from bacteria.

We have obtained 19 strains of X. lactamgena producing cephabacins. According to differences in 

taxonomical properties and the products of these strains, they have been classified into 3 types: 3 

strains of the YK-278 type producing cephabacins F,_p and H,-,; 15 strains of the YK-280 type produc-

ing cephabacins F,_e and H,_,; and one strain of the YK-431 type producing cephabacin M1-g. There-

fore, the producers of cephabacin M group antibiotics seem to be rare in natural environments.

It should be noted that strain YK-431 does not produce a detectable amount of non-substituted

compounds at the C-7 position corresponding to cephabacin M1_0, whereas strains YK-278 and YK-

280 types concomitantly produce cephabacin F and H group antibiotics'-", suggesting that the ac-

tivities involved in the attachment of the 7-methoxy substituent may be high under our fermentation 

conditions. SINGH et al. reported the production of DACPC in cells of Flavobacterium sp."), a 

producer of 7-formylamino cephalosporins1 . In contrast, we have previously reported that strains 
YK-278 and YK-280 produce DCPC in their cells2). According to our preliminary biosynthetic 

study, these strains also appear to have the ability to produce DACPC and penicillin N in cells de-

pending on culture conditions or in the early phase of their fermentation as is the case with strain 

YK-431 described in this paper. Thus, the early biosynthetic pathway of cephabacin antibiotics is 

likely to be essentially the same as the biosynthetic pathway elucidated in fungi and Streptomyces20). 

In contrast, cephabacin antibiotics were exclusively detected in culture filtrates of the late phase of the 

fermentation. Hence, their fairly complex 3-side chains could be added to DCPC as they were trans-

ported from the cells to the culture medium.

Cephabacin M group antibiotics were stable against various types of (3-lactamases to a degree

comparable to that of CMC, but were more labile than cephabacin F group antibiotics, indicating that 
the 7-formylamino substituent more effectively confers cephem antibiotics stability against Q-lac-
tamases than does the 7-methoxy one. In general, both 7-formylamino and 7-methoxy substituents 
diminish antibacterial activity against Gram-positive bacteria. To date, several j3-lactam antibiotics 
with these substituents have achieved a balance between antibacterial activity and (3-lactamase stability 
and have been used therapeutically21 22).

Our findings indicate that cephabacins M, and M, had the highest affinity for PBP 1 among the

lethal targets in E. coli; this is in good agreement with their other biological activities. In contrast, 

7-methoxy DCPC had a far lower affinity for the lethal targets in this organism, resulting in far weaker

Concentration (1 g/ml)
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antibacterial and biological activities against it. It seems very likely that the peptide side chains of 

cephabacin M group antibiotics potentiate their antibacterial activity due to an increased affinity for 

PBP 1. Cephabacins M, and M4 showed a low affinity for PBP 2 and a high affinity for PBP 4-6 in 

E. coli LD-2. This affinity property is supposed to be due to the 7-methoxy substituent as elucidated 

by comparing with methoxy-substituted cephalosporins and penicillins with their non-substituted 

counterparts' 17).
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