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Two neutral macrolide antibiotics, kujimycin A (desacetyl lankamycin) and
kujimycin B (lankamycin) inhibited the growth of certain macrolide resistant
strains of staphylococci. The antimicrobial activities of kujimycins A and B
against the strains of clinically isolated staphylococci which were resistant to
other antibiotics were examined. Kujimycins A and B inhibited the growth

of strains resistant to penicillin (PC), tetracycline (TC), streptomycin (SM),
kanamycin (KM) and chloramphenicol (CP) as well as strains of an unknown
type of staphylococcus resistant to erythromycin (EM) and oleandomycin (OM)

constitutively. Kujimycins A and B did not inhibit the growth of group A
strains (EM, OM, leucomycin (LM), spiramycin (SPM) resistant or EM, OM,

LM, SPM, lincomycin (LCM) resistant), group B strains (EM, OM-resistant)
and group C strains (EM, OM, LM, SPM, LCM-resistant) carrying induced

resistance. Kujimycins A and B were found to be capable of inducing macrolide
resistance as do EMand OMin inducible resistant strains. Staphylococcus

aureus TPR-4B, a laboratory-developed strain, was constitutively resistant to

LMand SPMat the concentration of 100 mcg/ml or more but it was sensitive
to kujimycins A and B at the concentration of 12.5 mcg/ml. The minimal
inhibitory concentrations of kujimycins A and B against Staphylococcus aureus
FDA 209P did not change at the range of pH 5.8-8.2.

Kono et al}\ in 1966, classified three types of macrolide (Mac) antibiotic-resistant
staphylococci isolated from patients. These are : group A strains (resistant constitu-
tively to erythromycin (EM), oleandomycin (OM), leucomycin (LM), spiramycin (SPM)
and sometimes to lincomycin (LCM); group B strains (resistant to EMand OM); and
group C strains (resistant inducibly to EM, OM, LM, SPM and LCM). Recently,
group B strains were also found to be inducible2). The resistance of group B strains
and group C strains is effectively induced by EMor OM. However, the antimicro-
bial spectra of neutral Macantibiotics against the resistant strains of each group have
never been reported.

In the investigation of the antimicrobial properties of kujimycins A and B which
were prviousley reported to be neutral Mac antibiotics3), they showed some different
antimicrobial spectra from those of EMand OM.Kujimycins A and B were em-
ployed to examine the cross resistance with EM, OM, LM, SPM, tylosin (TYL)
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and LCM in each group of staphylococci. It was found that kujimycins A and B
are capable of inducing Mac resistance and they were then compared with EM, OM
and some related compounds. The effect of medium pH on minimal inhibitory con-

centrations (MIG) of the kujimycins were compared with those of the basic Mac
antibioticsand LGM. The present paper reports the results of these examinations.

Materials and Methods

Chemicals: Kujimycins A and B were prepared by the procedure described in the
previous report3). The standard samples of EM, OM, LM and SPM were obtained from
the National Institute of Health of Japan, Tokyo. TYL is a gift from Dr. R. H. Williams,
Eli Lilly and Co. Triacetyl OM and LCM were purchased commercially and purified.
Acetyl EM was prepared by acetylation of EM with pyridine and acetic anhydride. Methyl

arcanoside and darcanolide were prepared by the methanolysis of kujimycin A and sub-
sequently by the chromatography on a column of silica gel as reported previously4).

Erythralosamine and cladinose were prepared by the acid hydrolysis of EM with 0.75N
HC1 as reported by E.A. Flynn et al5). A kit of three concentration disks obtained from
Eiken-kagaku Co., Ltd., Tokyo, was employed for the sensitivity test of the drug-resistant

staphylococci. For the experiments of resistance induction on agar plate, Showa Sensiti-

v

ity Disks obtained from Showa Yakuhin Kako Co., Ltd., Tokyo were used.
Media : Nutrient broth or nutrient agar was employed for most experiments. Mueller-

Hinton agar (Eiken-kagaku Co.) was used for sulfonamide sensitivity test.
Bacterial strains and culture conditions : Most Mac-resistant strains of staphylococci

were kindly provided by the Department of Clinical Microbiology, Toranomon Hospital,
Tokyo and the Division of Biological Activity, the Institute of Applied Microbiology,

University of Tokyo. Staphylococcus aureus TPR-4B is a mutant strain of S. aureus BR4
which was developed resistance to EM and carbomycin in laboratory6).

For the preparation of standard inoculum, an overnight culture on nutrient agar was
inoculated in nutrient broth and the culture was incubated for 18 hours at 37°C. The
resistance inducibilities of kujimycins A and B, EM and related compounds were tested

with S. aureus TPR-20 and S. epidermidis TPR-25.
The determination of resistance patterns of test organisms^ Nineteen strains of clini-

cally isolated drug-resistant staphylococci and strain TPR-4B were employed to determine
the resistant patterns against sulfisoxazol (SA), benzyl penicillin (PC), tetracyclines (TC),
streptomycin (SM), kanamycin (KM), chloramphenicol (CP), EM, OM, LM, SPM, TYL

and LCM by sensitivity testing with three concentration disks. An overnight culture of
each strain (containing about 1x109 cells/ml) was served as the standard inoculum. For

the sensitivity test, one tenth ml of the standard inoculum was spread on an agar plate
and the plate was incubated for 24 hours at 37°C. The.strain showing no inhibitory zone

around the disk of the highest concentration of the antibiotic was regarded as the resistant
one. Disks of TYL (30 meg/disk) and LCM (30 meg/disk) were prepared in our laboratory.

T

he criterion for resistance to SA was fixed at above 12.5 mcg/ml by disk method.
The resistant pattern of S. aureus TPR-4B to Mac antibiotics : The MIC of EM, OM,

LM, SPM, TYL and LCM against S. aureus TPR-4B were determined by two-fold broth
dilution method. One twentieth ml of an overnight culture of the strain was inoculated in
5.0 ml of nutrient broth containing various concentrations of the antibiotic to be examined.

After the incubation for 24 hours, the growth responses were determined visually.
The physiological tests of resistant staphylococci ^ Tests of the physiological charac-

teristics of the strains were carried out by the method described by Maruyama et alP
S. aureus and S. epidermidis were mainly differentiated by the coagulase test and the

DNase test.
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The determination of MIC of kujimycins A and B against the resistant staphylococci :
After the standard inoculum was diluted to 1: 10, it was streaked with a loop on agar
containing the antibiotic at the concentration of 0.2^400 mcg/ml, the plate was incubated
for 24 hours at 37°C. The MIC was defined as the lowest concentration of the antibiotic

which completely inhibited the growth of the test organism.
The determination of optimal concentration of kujimycin A for resistance induction :

One tenth ml of the standard inoculum of the strain TPR-20 was inoculated in 1.9 ml of
nutrient broth containing an inducer at several concentrations and shaken at 37°C. After

incubationfor 3 hours, the induction mixture was transferred into 3 ml of nutrient broth
containing 100 meg of LM per ml adjusting the optical density at about 0.05 and the broth
was then shaken for 10 hours at37°C. The optical density at 535 mju was read at 2-hour
intervals with Bausch & Lomb Spectronic-20 Colorimeter. EM was employed as a standard

i

nducer. Each growth curve in figures was shown by absorbancy without any dilutions.

The induction of EM and LM resistance with kujimycin A, kujimycin B and oleando-
mycin: The induction mixture was provided by the above method. The induction with
kujimycin A was compared with those of kujimycin B and oleandomycin. Each 5 mcg/ml
of kujimycin A, 5 mcg/ml of kujimycin B or 0.2 mcg/ml of oleandomycin was used as an
inducer respectively. After 1 hour and 3 hours of induction, the mixture was transferred
into 3 ml of nutrient broth containing 100 meg of EM or LM per ml adjusting the optical

density at about 0.05 and the culture was shaken for 10 hours at 37°C.
The MIC of some Mac antibiotics against induced resistant strain: A half ml of an

overnight culture broth of the strain TPR-20 was inoculated in 9.5 ml of nutrient broth
containing an inducer (kujimycin A 5 mcg/ml, kujimycin B 5 mcg/ml, EM 0.1 mcg/ml or
OM 0.2 mcg/ml). The culture was shaken for 1 hour and 3 hours at 37°C. One twentieth
ml of the induction mixture was then inoculated in 5 ml of nutrient broth containing several

two-fold dilutions of the antibiotics. After 12, 22 and 32 hours of incubation at 37°C,
MIC of the antibiotic was scored. The antibiotics used in this experiment are kujimycin

A

, kujimycin B, EM, OM and LM.

The comparison of resistance inducibility between strain TPR-20 and TPR-25 : The
induction mixture of strain TPR-20 or TPR-25 was inoculated by 1x105 cells/ml in 5 ml
of nutrient broth containing several two-fold dilutions of EM, OM and kujimycin B.

After 16, 19, 22, 25 and 32 hours of incubation at 37°C, MIC of the antibiotic was scored.

O

M was used as an inducer.
The induction test of LM, SPM and LCM resistance with kujimycin A, kujimycin B,

acetyl kujimycin, methyl arcanoside, darcanolide, cladinose, erythralosamine, acetyl erythro-
mycin and acetyl oleandomycin: This experiment was performed by the disk method

reported by Griffith et al.8) Each of disks containing 1, 10, 100 and 500 meg of inducers

was put on the center of agar plate inoculated with the strain TPR-20 and the disks
containing the antibiotics and their related compounds were put on around the disk of

inducer. Kujimycin A, kujimycin B, acetyl kujimycin, methyl arcanoside, darcanolide,
cladinose, erythralosamine, acetyl erythromycin and acetyl oleandomycin were employed
as the inducers and EM was employed as a positive control of the inducer. LM 30meg,
SPM 30meg and LCM 30 meg per disk were used as the antibiotics. After the plate
was incubated for 24 hours at 37°C, the induction of resistance was scored by a decreased

radius of the inhibition zone on the side of the test disk proximal to the disk of inducer.
The effect of pHof media on MIC of kujimycins A and B: The nutrient broth was

adjusted to pH 5.8, 6.8, 7.5 and 8.2 after the sterilization. The antibiotic was serially
diluted from 100 meg to 0.01 meg per ml by the medium. One twentieth ml of cell sus-

pension containing 1x108 cells/ml which had been prepared by 10-fold dilution of an
overnight culture broth of S. aureus FDA 209P was added to each of the test tube con-
taining 2 ml of the above medium. EM, OM, LM, SPM, TYL and LCM were used as
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references. The MICof each antibiotic was determined after the incubation for 24 hours
at37°C.

Results

The Resistant Patterns and the Physiological Properties
of Test Organisms

Nineteen strains of clinical isolates and a laboratory-developed resistant strain of
staphylococci were selected for the test. They were found to show the resistance
patterns and the physiological properties as shown in Tables 1 and 2. From the
physiological studies of 20 staphylococcal strains, ll strains belonged to 5. aureus and
8 strains belonged to 5. epidermidis. Fourteen strains of them were Mac-resistant

strains which were divided into 6 strains of A group, 1 strain of B group, 3 strains
of G group, TPR-4B and 3 strains of an unknown type. The last 3 strains, S. epi-
dermidis, were constitutive resistant to EMand OM.Hence, these strains could not
be assigned into any group of Mac-resistance according to the previous classification^.
The growth of 5. aureus TPR-4B was inhibited at the minimal concentration of

SPM 200meg, LM 100meg, TYL 25meg, OM 6.25meg, EM 0.4meg and LGM0.75
meg per ml. S. aureus FDA209P which was employed as a reference of sensitive
strain to all samples of the antibiotics was inhibited at the minimal concentration of
SPM 1.6meg, LM0.4meg, TYL 1.6meg, OM 0.4meg, EM0.2meg and LGM0.75meg
per ml. MostMac-resistant strains were also resistant to a variety of other antibio-
tics including SA, PG, TC,SM, KMand GP. Six strains of A group, 3 strains of G
group and a strain of B group are resistant to SA, PG, TG or SA, PG, TG, SM.

These results agree with the observation which was reported previously by Konoet al.
that Mac-resistant staphylococci are resistant to PG, SM, TG, SA or to combinations
of three antimicrobial reagents (PG, SM, SA or PC, TG, SA)9). However, two strains
of an unknown type (TPR-13, TPR-15) are resistant only to SA, PG and SA, PG, GP

Table 1. Physiological properties
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T ab l e 2 . D r u g- r e s is ta n c e p a tte r n s o f s ta p h y lo c o c c i a n d M IC o f k u jim y c in s A a n d B

A n tib io tic s             K J M - A K JM - B

P C T C S M K M C P E M O M L M S P M T Y L L C M (m c g /m l)(m c g / m l)

a u r e u s 2 0 9 P 3. 0   6. 0

aureus S m ith 3. 0   6. 0

T P R - 5  + + 3. 0   6. 0

M a c T P R - 1 4 + 蝣f 12 . 0 1 2. 0

s e n s itiv e T P R - 7 + + 6 . 0 12 . 0

T P R - 1 + + + 3 . 0   6. 0

T P R - 1 6  4 - + + + 6 . 0 6 . 0

T P R - 3 + 4 - + +                           6 .0  12 .0

T P R - 1 2 + + + + + + + + + + > io o > io o

T P R - 1 8 + + + + + + + + + + > 10 0 > 10 0

A T P R - 2 1 + + + + + + + + + + > 10 0 > 10 0

   - > _ . . > :

T P R - 1 3  + 4 - + +  + 6 . 0    12. 0

�����������������������������������������������������������������

I n d uc i b l e Ma c - r e si s t a n t  T P R - 2 0T P R - 2 2T P R - 2 3 + + +++ +
1 0 0 1 0 0 5 0  1 2 . 0 1 2 . 0 1 2 .0

T P R - 2 5 + ' + + ' -|- , + |+ i + i + ( + ); ( + ) ( + , j (+ ) ' 1 0 0   6 . 0

Abbreviation : +; resistant, (+); inducible resistant, KJM-A; kujimycin A, KJM-B; kujimycin B

respectively. These patterns of resistance seem to be different from those of group

A

, group B and group G strains.

The Antimicrobial Spectra of Kujimycins A and B against
the Resistant Staphylococci

Kujimycins A and B were found to have MIC at the range of 3.0to 12.0mcg/ml
against the sensitive strains, similar to those of other known neutral Mac antibiotics.

Antimicrobial activities of kujimycins A and B against drug-resistant staphylococci

are shown in Table 2. Kujimycins A and B were not effective against all of group
A strains at the concentration of 100 mcg/ml, and kujimycin A showed so weak in-
hibitory activity against group B strain and group G strains as 1/4 to 1/16 times of

that of kujimycin B on nutrient agar. They inhibited the growth of all the strains

which are resistant to antibiotics other than Mac antibiotics and also inhibited the
growth of EM- and OM-resistant strains of an unknown type at lower concentrations.
The growth of 5. aureus TPR-4B was inhibited by kujimycins A and B at the con-

c

entrationof 12.5 mcg/ml by broth dilution method.

The Determination of Optimal Concentration of Kujimycin A
for Resistance Induction
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Fig. 3. The effect of induction time
with kujimycin A on induction of
EM and LM resistance.

Inoculum size : lxlO7 cells/ml.
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Since kujimycin A was found to exhibit the
inducibility of Mac-resistance like EM and OM

by the disk method, the optimal concentration
of kujimycin A for resistance induction was
examined10). As shown in Fig. 1, kujimycin A
was found to induce the LM resistance in 5.
dureus TPR-20 at the concentration range of
0.4-10.0 mcg/ml. On the other hand, the

apparent MIG and the proper concentration for
the induction of resistance of EM (Fig. 2)

were 2 mcg/ml (Table 3) and 0.0016-1.0 mcg/ml
respectively.

The Induction of EM and LM
Resistance with Kujimycin A,
Kujimycin B or Oleandomycin

A s shown in Fig. 3, EM and LM resistances
were more effectively induced by the incubation
with kuiimvcin A for 3 hours than 1 hour. It

was also found that kujimycin B was capable of inducing EM and LM resistances in

TPR-20 but the induction with kujimycin B was not so effective as that with kuji-

mycin A (Fig. 4). Growth curves of the strain after induction with kujimycin B is

similar with that of OM as shown in Fig. 5. The induction of EM resistance was
occurred more easily than that of LM resistance in all cases. It is of interest that

10 hrs.
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the degree of inducibility is different with kujimycin A and kujimycin B as with

E

M and OM.

The MIG of Some Mac Antibiotics against Induced
Resistant Strain TPR-20

It was previously reported that EM is capable of inducing OM resistance in some
strains of G group more than OM is1}. The inducibilities of kujimycin A, kujimycin
B and oleandomycin were compared with that of EM, after incubation for 1 hour
and 3 hours at optimal concentration of each inducer. The increase of resistance to

kujimycin A, kujimycin B, EM, OM and LM was measured in several intervals by

thebroth dilution method of MIG determination. As shown in Table 3, the induction

of resistance to kujimycin A and EM occurred easily by use of kujimycin A or EM

asan inducer, whereas resistance to kujimycin B or OM was not induced so easily

with kujimycin B or OM. The induction of LM resistance was not observed with any

inducer in this experiment. The reason why LM resistance was not induced may be

due to a smaller inoculum size of 106 cells/ml. Consequently, it was noted that the

strain TPR-20 acquired high degree of resistance to kujimycin A and EM in a shorter

period by incubation with the inducer. Also, high resistance to kujimycin B and OM



VOL. XXIII NO. 9 THE JOURNAL OF ANTIBIOTICS 455

Fig. 4. The effect of induction time Fig. 5. The effect of induction time
with OM on induction of EM and
LM resistance.
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generally seems to be induced by incubation for a longer time. The inducibility of
LM resistance seems to be less than resistance to others. As seen in Table 3, the
MIGs of uninduced cultures as references were elevated in proportion to elongation

of incubation time. This suggests that the resistance induction was occurred slowly
with higher inhibitory concentrations of Mac antibiotics without pretreatment with

inducer during the longer period of incubation.
The Comparison of Resistance Inducibility between

Strains TPR-20 and TPR-25
It was found that the degree of development of MIG with incubation periods was

d

ifferent among some strains inducibly resistant to Mac antibiotics. When TPR-20

Table 4. The MIC of EM, OM and kujimycin B against TPR-20 and
TPR-25 at various incubation time

M I C  ( m c g / m l )

I n c u b a t i o n t i m e   1 6  h r s . 1 9  h r s .    2 2  h r s .    2 5  h r s .    3 2  h r s .

T P R - 2 0

N o
E M 0 . 5 2 > 1 , 0 0 0 > l ,  0 0 0 > l ,  0 0 0

O M 0 . 5 0 . 5 0 . 5 0 . 5 2

I n d u c t i o n K J M - B 1 6 1 6 3 2 3 2 6 3

I n d u c t io n

E M > l ,  0 0 0 > 1 ,  0 0 0 > 1 ,  0 0 0 > 1 ,  0 0 0 > 1 , 0 0 0

O M 2 2 4 4 8

K J M - B 1 6 1 6 3 2 3 2       1 2 5

T P R - 2 5

N o
E M 8 > 1 ,  0 0 0 > l ,  0 0 0 > l , 0 0 0 > l , 0 0 0

O M 2 1 6 6 3 > l , 0 0 0 > l , 0 0 0

I n d u c t i o n K J M - B 1 6 3 2 6 3 > l ,  0 0 0 > l , 0 0 0

I n d u c t i o n

E M > l ,  0 0 0 > 1 ,  0 0 0 > l , 0 0 0 > l , 0 0 0 > 1 ,  0 0 0

O M 8 > 1 ,  0 0 0 > l ,  0 0 0 > l , 0 0 0 > l ,  0 0 0

K J M - B 1 6 > l ,  0 0 0 > 1 ,  0 0 0 > l ,  0 0 0 > l , 0 0 0

1vinsrpiis/mV Induction:-  O M  0 . 2 m c e -/ m l  f o r  3 h o u r s .  K J M - B ;  k u j i m y c i n  B .
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and TPR-25 were compared with each other, TPR-25 acquired more easily and quickly
OM resistance either by preincubation with OM or without OM than TPR-20 as
shown in Table 4. However, the development of the inducible resistance was generally
faster by preincubation with the inducer. TPR-20 resembles S1. aureus MS 537 reported
by Kono et al. in inducibility of OM resistance13. TPR-25 also resembles S. aureus
MS 537-1 reported to be selected from MS 537 on agar plate containing OMn).

T he Induction of LM, SPM and LGM Resistance with Kujimycin A,
Kujimycin B, Acetyl Kujimycin, Methyl Arcanoside, Darcanolide,

Cladinose, Erythralosamine, Acetyl EM and Acetyl OM
T he inducibility of these drugs Plate 1. The resistance induction with

-, i t ,. t , , kujimycinAandEM.

wasexamined by thedisk method T , à" ,, ,, \., ,-. ,, , .. A

7Inducer :the center oftheleft plate-à"à"kujimycinA,

using strain TPR-20. No inducibi- the center of the right plate--EM.
v, v i .,, ,i , Inhibitors: from the top oftheplate to right side---

litywasobserved with the compounds TAT^AyrT^A/r , CTfAyry&
7 r LM,OM,LCM andSPM.

à"except kujimycin A, acetyl EM and
acetyl OM. Kujimycin B showed
weak inducibility. The result of this
experiment indicates that compounds
possessing resistance inducibility pro-

perties must have growth inhibition

capability. Resistance induction with

k

ujimycin A and EM was shown in

Plate 1.

The Effect of pH of Media on MIG of
Kujimycins A and B

Basic Mac antibiotics are known to show a larger
growth inhibition in a high pH medium than in one

of lower pH12). But the activity of neutral Mac
antibiotics seems not to be effected by varied pH of

the medium, as there are no ionized groups in the
molecule. The effect of pH of the medium on the
growth inhibitory activity of kujimycins and some
related antibiotics was tested by the broth dilution

method in the range from pH 5.8 to 8.2. The MIG
of kujimycins A and B were changed slightly with
the varied pH of media, whereas those of five basic
Mac antibiotics and LGM employed as references

were notably changed as shown in Fig. 6. These
observetions seem to be correlate with the finding by

Mao13) that EM and OM inhibited polyphenylalanine
synthesis in cell-free system of 5. aureus to a great

extent at higher pH than at lower pH but chalcomycin
(a neutral Mac antibiotic) did not show any significant
difference in the extent of inhibition produced at

Fig. 6. TheeffectofpHofmedia
on MIC of Mac antibiotics
and LCM.

(Test organism : Staph. aureus
FDA 209P)

pH 5.5
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various pH values. MIG of Mac antibiotics possessing high pK value such as EM

and OM (pK 8.5~8.6) seem to be effected by medium pH more than those possessing

low pK value such as LM (pK 6.6-6.7) and TYL (pK7.1) except SPM (pK 7.6-7.7).

The magnitude of change of.MIG of the five basic Mac antibiotics at various pH

was not proportional to pK values of these antibiotics but was almost proportional to

mobilities in high-voltage paper electrophoresis which was reported by Maeda and

his co-workers as relative mobility (RM; SPM 0.88, OM 0.57, EM 0.50, LM 0.46,

TYL 0.45). The mobilities of the antibiotics relative to alanine were shown as RM

values.)1**.

Fig. 7. The structures of kujimycins, EM and OM.

H 3C . O CH 3蝣R¥̂ ¥ HCKxA,

������������������������������������������������������������������

y^ n  oH

H3Cv   H 3C v oH

      C H 3
C H*

  -C H ,

c H 3 C H3 R    Ic H, 1c H, C H 3

K u iim y c in s E r y th ro m y c in s         O le a n d o m y c in

K u j i m y c i n A : R = - O H E r y th r o m y c in :  R = - O H , R '= - O C H 3

Kujimycin B : R=-OCOCH3 Erythromycin B: R=-H, R'=-OCH3
Erythromycin C : R=-OH, R'=-OH

Discussion

Garrod and Waterworth reported that staphylococcal strains with dissociated resistance
were converted to strains resistant not only to EM, but also to other Mac antibiotics in

the presence of subinhibitory concentration of EM15>16). Pattee and Baldwin described
that this enhanced resistance of dissociated strain was acquired by induction with low

concentrations of EM17). OM was found to be also capable of inducing resistance as well
as EM1*1*0. Recently, the inducibility with LM and LCM was recognized in certain mutant

strains of C group Staphylococcusn>18).
According to studies by several investigators, the antibiotics to which resistance is

induced by EM include some Mac antibiotics (EM, OM, SPM, LM, carbomycin, nidda-
mycin and TYL) as well as some other antibiotics affecting on ribosomal 50S subunit,
which are lincosaminide (LCM, 7-chloro-7-deoxy-LCM) and the group B antibiotics of the
streptogramin type (streptogramin B, pristinamycin I, vernamycin B« and viridogrisein8>15>

17,19,20,21,22)

In addition, it was found in the present studies that kujimycins A and B, which were
found to be neutral Mac antibiotics, were as capable as EM of inducing resistance in

inducible strains. EM and OM were also capable of inducing resistance to kujimycins A
and B. Moreover, it was noted that kujimycin A is capable of inducing Mac resistance
in TPR-20 more easily than kujimycin B. Kujimycin B contains an acetyl group at C-4
of the arcanose, and is otherwise identical to kujimycin A. This shows that the degree
of inducibility with Mac antibiotics is dependent upon minor structural changes in the
antibiotic, although no marked variation was seen in the antimicrobial activity against a
sensitive strain. A similar investigation was reported by Saito et al. in respect to the
resistance inducibility of several LM derivatives110. The strain used for their experiment
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wasS.aureus MS 537-59, a mutant strain of MS 537, in which resistance was induced
withLM. One derivative of LM having no acyl group at C-4 position of mycarose was
not effective for resistance induction. Other derivatives having acetyl, propionyl, butyl

and isovaleryl groups induced resistance. The one having propionyl side chain was most
effective. These results seem to be somewhat different from the result of our experiment

with kujimycins. Nakajima et al. reported the fact that the resistance inducibility and
the antimicrobial activity of EM could not be separated using EM, acetyl-EM and their

chemical degradation products18). In our experiment with kujimycins A and B, acetyl
kujimycin and their partial degradation products, kujimycins A and B only showed resis-
tance inducibility and antimicrobial activity. Similar results are obtained with compounds
derivedfrom EM. Mac antibiotics exhibiting inducibility generally seem to have in
commona macrocyclic 14-membered ring lactone and two sugar moieties forming glyco-

sidic linkages directly to the lactone. A 9-carbonyl group on the lactone is reported to
be important for resistance induction18). The 2-hydroxyl and 3-dimethyl amino groups
of desosamine (EM, OM), the 6, ll, 12-hydroxyl groups of the lactone (EM, OM) and the

4-hydroxyl group of arcanose (kujimycin A) and oleandrose (OM) are not obligate for
induction of resistance as these groups are not common in EM, OM, their acetyl deriva-

tives and kujimycins. The lack of inducibility with acetyl kujimycin may indicate the
importance of a free hydroxyl group for resistance induction.

Mao and Putterman studied the binding of EM-A to ribosomes of S. aureus and
proposed that some important groups of EM, such as 2'-, ll-, 12-hydroxyl, S'-dimethyl-

amino, 9-keto and 3r/-methoxyl groups, form hydrogen bond with primary amino groups
and the nitrogen of nucleotide bases of ribosomal RNA and that ribosomal protein stabi-
lizes the complex by forming hydrophobic bonds with hydrophobic region of EM23). From

the experiment with kujimycins it appears that the important groups for binding of kuji-
mycins to ribsosmes are the C-2 hydroxyl group of lankavose and/or C-15 hydroxyl group

of lankolide since kujimycins lose their antimicrobial activities by acetylation.
It has been reported that a decrease of the binding ability of the ribosome of strains

resistant to EM1?2^ accounts for some of the resistance to Mac antibiotics in S. aureus
ratherthan inactivation of Mac antibiotics. This explanation had also been made in the
case of resistant strains of Bacillus subtilis and Escherichia coli developed in vitro25>26).
Tanaka et al. suggested that a change of an amino acid component in one of 50S ribo-

somal proteins caused the decrease in affinity of ribosomes for EM seen with a resistant
strain of E. coli Wilhelm et al. showed that the genetic mutation leading to EM-A

resistance in B. subtilis might affect the binding affinity of ribosomes for the neutral
sugar of the antibiotics, since the Mac antibiotics of monoglycosides (methymycin and

LCM) bind equally well to both sensitive and resistant ribosomes of B. subtilis27). But
with inducible resistant strains the situation appears to be more complete because the

resistance of these strains arises quickly after incubation with inducer and disappears in
several generations after removal of the inducer. Further, the induced resistant strains

are resistant not only to Mac antibiotics possessing two sugar moieties but also to methy-
mycin and LCM possessing a basic monoglycoside. It is suggested from these investigations

that resistance in inducible resistant strains of staphylococci is accomplished by an
unknown induced alteration in the 50S ribosomes and consequently a decreased binding

a

ffinity of the ribosome to Mac antibiotics and LCM is observed.
Among the Mac antibiotics which were employed for the present study, kujimycins

were closely related to EM and OM in their ability to induce resistance. But it is
interesting that the strains of an unknown type, S. epidermidis resistant to EM and OM,
are sensitive to kujimycins A and B. The antimicrobial spectra in the strains of this
group, kujimycins A and B resemble LM and SPM rather than EM and OM (Table 5).
This study indicated four types (A, B, C and the unknown group) of Mac resistant strains
ofS. epidermidis from clinical isolates. The main questions which arise from these
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results are as follows: (1) What is the
mechanism of constitutive resistance

to EM and OM in the strains of the
unknown type? (2) Are there genetic
difference in EM and OM resistance
between the strains of the unknown
type and group A strains? (3) Can
strains of S. aureus belonging to the
unknown type, resistant constitutively

to EM and OM, be isolated clinically?

T a b l e  5 .  T y p e s  o f  M a c  r e s i s t a n c e  i n  s t a p h y l o c o c c i

G r o u p

U n k n o w n  T P R - 4 B

E M 4 - ( 蝣H O ( -H -) 4 -

O M 4 - ( 蝣H O ( + ) 4 - +

K u j i m y c i n - A + ( 蝣H O (  -H - )

K u j im y c i n - B + (蝣H O ( + )

L M + ( - ) ( - ) +

S P M + ( - ) ( - ) +

(-H-) ; strong inducibility (+) ; weak inducibility
(-) ; no inducibility + ; resistant - ; sensitive
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