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In vitro and in vivo antimicrobial activities of lividomycin A were inves-
tigated. This substance showed a wide range of antimicrobial activity against
most of Gram-positive bacteria including Mycobacterium tuberculosis and was
also effective against Gram-negative bacteria including Pseudomonasaeruginosa,

but was ineffective for streptococci, diplococci and fungi. The in vitro anti-

microbial activity of lividomycin A was the greatest in media of pH 7.8.
The minimum inhibitory concentration (MIC) was affected by inoculum size,
but the addition of serum caused only slight fluctuation of MIC. In vitro

development of resistance to lividomycin A in P. aeruginosa and M. tuberculosis
was much slower than that to kanamycin, but was comparable in Staphylo-

coccus aureus. In resistant mutants developed in vitro, cross resistance was
observed among lividomycin A, kanamycin and gentamicin. In clinical iso-

lates, however, no distinct cross resistance was found among these three

antibiotics. Lividomycin A showed a positive protecting effect for the experi-
mental infections in mice with several bacteria such as S. aureus, P. aeru-

ginosa, Klebsiella pneumoniae and Escherichia coli. It was fairly effective

for the experimental infection with the kanamycin-resistant strains of E. coli
and P. aeruginosa producing the kanamycin-phosphorylating enzyme.

It was reported previously that new aminoglycosidic antibiotics, lividomycins A
and B, were produced from the culture broth of Streptomyces lividus, always being
accompanied by the production of paromomycin and No. 2230-C (mannosylparomo-
mycin)1^. Lividomycin A is a pentasaccharide containing mannose, neosamine B,
ribose and S'-deoxyparomamine whose chemical structure was reported by Oda
etal.*>»

This paper deals chiefly with the in vitro and in vivo activities of lividomycin A
against Gram-positive and Gram-negative bacteria in comparison with related amino-
glycoside antibiotics.

Materials and Methods
Antibiotics. Lividomycin A was prepared in this laboratory, Kowa Co., Ltd. The
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other antibiotics such as kanamycin, streptomycin, gentamicin and paromomycin were

purchased from commercial source.
Bacterial strains used. Standard strains of bacteria from our laboratory were used

for the experiments. The clinical isolates of various species of bacteria were supplied
from several hospitals in Tokyo. These strains were kept on heart infusion agar slants

and subcultured on heart infusion agar plate before the experiments. Heart infusion agar
containing 10 %horse blood was used for the cultivation of diplococci, streptococci,,
Hemophilus, Bordetella and Corynebacterium, and 1 % Ogawa's egg medium for Myco-
bacterium. Heart infusion agar containing 3 % NaCl was used for Vibrio parahaemolyticus.
For fungi, 2 %glucose Sabouraud's agar was used.

Antimicrobial activity test. Estimation of the antimicrobial activity of antibiotics

against Gram-positive and Gram-negative bacteria, except for Mycobacterium, was carried
out according to the two-fold serial agar dilution method using heart infusion agar (Eiken)
with or without 10 %horse blood. For V. parahaemolyticus heart infusion agar contain*
ing 3% NaCl was used as test medium. One loopful of an overnight Trypto-soy broth
culture of each test organism (about 108 cells/ml) was streaked on each assay medium
containing graded concentration of test antibiotic. For Mycobacterium tuberculosis and

Mycobacterium 607, Kirchner's liquid medium containing 10 % calf serum and heart
infusion broth containing 1 %glycerol were used respectively. Cells of M. tuberculosis
were suspended in saline at the concentration of 1mg/ml and 10~2mg of the organism

was inoculated in the test medium. For fungi, 2 %glucose Sabouraud's agar was adopted
and fungi were suspended in saline containing 0.5% Tween 80 (3X106 spores per ml)

and one loopful of the suspension was streaked on the assay plate.
Minimum inhibitory concentrations were determined after 24-hour incubation at 37°C

for the majority of Gram-positive and Gram-negative bacteria except for several species
described below and after 1 week incubation at 27°C for fungi. The MICs for Bordetella^
Hemophilus and Mycobacterium 607 were determined after 48-hour incubation at 37°C and
that for M. tuberculosis was estimated after 3-week incubation at 37°C.

Bactericidal activity test. The bactericidal activity of lividomycin A was estimated
against S. aureus and P. aeruginosa in both saline containing 0.25 %casamino acids (pH
7.2) at 20°C and heart infusion broth (Difco) at 37°C with shaking. Aliquots of the
solution were taken at appropriate intervals and the sample was diluted with saline
containing 0.25% casamino acids. One ml of each diluent was placed in Petri dishes,,

mixed well with poured melted nutrient agar. Viable cell count was conducted after 48-
hour incubation.

Development of resistance. The rate of the development of resistance to lividomycin

A and kanamycin was studied using S. aureus, P. aeruginosa and M. tuberculosis. The
former two strains were cultivated at 37°C for 48 hours in heart infusion broth
containing several concentrations of antibiotics and one loopful of the culture permitting

the growth and containing the highest level of test drug was transferred to be subcultured
into heart infusion broth containing the higher concentrations of the antibiotic. M. tuber-
culosis was cultivated for 3 weeks in Kirchner's liquid medium containing antibiotics.

The same procedure described above was conducted repeatedly.
Binding with serum protein. Lividomycin A or other aminoglycosidic antibiotics were

dissolved with m/15 phosphate buffer (pH 7.4) containing 1 % horse serum at the concen-
tration of 1mg/ml. After 20-hour incubation at 4°C, the solution was centrifuged at

200,000X^* for 4.5 hours. The concentration of antibiotics in the supernatant fluid was
determined by a paper disk method using Bacillus subtilis PCI 219 as the test organism*

Experimental infection in mice. ICR-JCL male mice, 4 weeks old and weighing 18~
22g were used. Ten mice per each experimental group were challenged intraperitoneally
with 0.4 ml of bacterial suspension such as E. coli, P. aeruginosa, S. aureus. Streptococcus
haemolyticus and K. pneumoniae with or without 4 % mucin. Test antibiotic was given
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‘OnCeat2hoursafterchallenge and micewere observed forlweek．Effective doses（ED5。）

・Of antibiotics were calculated by VAN DER WAERDEN’s method5）．

Results

Antimicrobialactivlty

LividomyclnA，aS Shownin Tablel，had a wide antimicrobialspectrum agalnSt

Gram－POSitivebacteriaincludingMtuberculosis and was also e打ective agalnSt Gram－

negative bacteriaincluding P aeruginosa；the MICs（mcg／ml）werel．56　for M
iuberculosis，3．13～6．25　for S．aureus，12．5～50　for P．aeruginosa and6．25～25　for

モnterObacteria such as E．coli，Proieus，Klebsiella，Shなella and Salmonella．It was

Tablel．Antimicrobialspectra oflividomycin A and kanamycin

Microorganism

ぷ掛妙hM購胡別冊
FDA209PJC－3

5軽少ゐ〆ococc祝ざα祝γβが
Smith

ぶれゆめ′わcocc〃gα伽γβが
Newman

ぶ桓帥〆OCOCC祝S
吻抜椚祓如STP－19

朋如伽抑制再励購M－16

冶αγCのα　加わαPCL1001

」βαCが伽ざぶ祝鋸fgねPCL219

月αCggg祝g Cgγβ鋸5

．8αCZg祝言αの摘γαCね

Co叩乃由αCねγZ伽肌

diPhiheriae Yanagisawa

Co叩循細αCねγ言祝肌

d疹如加γαe Ohara

功叩加極地励刑罰仰山
53－K－Ⅰ

激頑血塊那
加β椚0秒加がCook

ぶわ′尋ねcocc混ざ

旭川殉血邪S－8

割咋舛昭肌購リ加路揖
Imanari

か纏わcocc鵬や乃細別0乃£αe

typeI

か疹gococc祝S少の細別0雅言αg

typeII

jke研噌ゐfJ鋸ぶfク雄視βのgαe
Shiga

．β0γ加わgα♪βγ祝55ね
T6hama

二だgCゐgγfcあまαCOgg NIHJ

βgC加γわ鋸αCO露0－26

▲ggC加γわ揖αCO露0－55

威g椚0乃e勒如加古αH－901

5α研βのegα如γαわや揖A

Microorganism
MIC（mcg／ml）

HIA

HIA

HIA

HIA

HIA

HIA

HIA

HIA

HIA

B－HIA

B－HIA

B－HIA

B－HIA

B－HIA

B－HIA

B－HIA

B－HIA

B－HIA

B－HIA

HIA

HIA

HIA

HIA

HIA

＞100

50

0．39

6．25

3．13

6．25
ぶゐなβggα動ガのβγZ3a

gゐなβJgαざ細のef

6．25

ⅥゐγgO如γαゐαβ∽0秒ffc祝ぶ
1648

Cαのdfゐ如γαゐγ伽geZ

25

50

5αccゐαγのク叩Cgg Ceγ紺fgfαe

6．25
γ叩Cゐ噌ゐ〆のlγ混みγ祝例

Note：HIA：Heartinfusionagar．B－HIA：Heartinfusion agar containinglO％blood．N－HIA：Heartinfusion
agar containing3％NaCl．KR：KIRCHNER medium containinglO％calfserum．GB：Heartinfusionbroth

COntaining1％glycerin．SG：SA80URAUD glucose agar．
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ineffective to Micrococcus Pavus，Sir¢tococcus Py曙eneS，S．fdecalis，DiPlococcus

♪neumoniae，V．parahaemo＆ticus and fungl．According to our experimentalresults，

the antimicrobialactivlty OflividomyclnAwas nearlysimilarto that of kanamycln，

althoughtheMICvaluesoftheformerwere generally somewhat greater than the

latter，While the actlVlty OflividomyclnA for P・aeruginosawas greater than that●　　　　●　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●

Of kanamycln・

Influence ofinoculum size，the reaction of test medium and

the addition of serum on the activlty OflividomyclnA

The activityoflividomycinA（Table2），WaS aPParentlya仔ectedbyinoculum size，

and the degree ofinfluence seems to belargerinS・aureuS thaninA aeruginosa・

The greatest actlVlty OflividomyclnA wasin test media at pH7・8　agalnSt the

Organisms tested and the actlVltyWaS PrOgreSSively reduced along with the decrease

in pH value（Table3）・Except for2Strains of S・aureuS，the activity was not

a打ected bythe addition of10％　horse serumintotest media but the addition of

Table2．Theinfiuence ofinoculum size on Table3．TheinAuence of pH of test medium

the antimicrobialactivity oflividomycln on antimicrobial activity oflividomycin A

A agalnSt S．aureus and P aerugmosa

strain　層凱rn％l）

至十茸誓慧芸Ka一再打．5

－　■■■　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　‾　　‾　‾　‾　‾‾‾‾　　　　　　　　‾

Table4．Theinfluence of・the addition of

horse serum to the test medium on

antimicrobial activity oflividomycln A

且．α萬NIHJ

且βe∬乃βγZ
2b EW－40

g．如朗脚励磁
PCL602

ヱαβγ祝gZ卯5αA8

且　5鋸鋸fgわ

PCト219

5．α祝γβ祝g

FDA209P

S．α〃γβ祝g

Newman

S．砂娘椚祓揖
STP－19

三言二十子中三三享子二言「享三言↑
＊Eachfigureindicates minimuminhibitory concen－

trationin terms of mcg per ml．

Organism
6．016．617．217．818．4

且　co7才NIHJ

S．β紺のβγ£
2b EW－40

g．♪乃細別0乃言αe

iPCト602

且仇椚融加商A3

月．S祝如才Jね

．PCト219

5．α祝γβ伽g

Newman

g．妙娘椚祓損 二三
＊Eachfigureindicates minimuminhibitory concen・

trationin terms of mcg per ml．

Fig．1．Bactericidal activity oflividomycln A

agalnSt P．aerugmosa A3．

Determination of bactericidal activity was car・

ried outin physiological saline containing O・25％
CaSamino acids at20℃．

9

ニ8
∈

ヽ7
－－
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∽
－．▼
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more than
caused slight increase in

MIC values (Table 4).
Binding with serum

protein
The rate of binding of

lividomycin A with horse
serum protein was deter-
mined in comparison with
other aminoglycosidic anti-
biotics. Lividomycin A
bound with serum protein
at ll.5% rate, being appro-
ximately similar to that of

kanamycin (10.0 %), neomy-
cin (8.0%) and paromomy-

cin (ll.5%).

Bactericidal activity
Bactericidal activity of

lividomycin A against P.
aeruginosa in saline contain-

ing casamino acids was tested
and the result was shown

in Fig. 1. In saline without
the antibiotic, the number
of viable cells remained
unchanged after 4-hour in-

cubation at 20°C, whereas
the number was reduced at
10"3 by the addition of 250

mcg/ml lividomycin A, 10"5
by 625mcg/ml and 10~6 bv

2,500mcg/ml, respectively. On the other hand, they were not affected even by the
addition of 10 mg/ml kanamycin and 20 mg/ml paromomycin.

Bactericidal activity of lividomycin A was also tested in heart infusion broth as
compared with that of kanamycin. Cell proliferation was slightly inhibited at 3.13
mcg/ml lividomycin A and at the concentration of above 6.25 mcg/ml, the bacterial
growth was progressively inhibited along with the increase in the concentration of
antibiotic (Fig. 2). Kanamycin showed a bactericidal activity as similar to that of

lividomycin A at approximately 16 fold higher concentrations (Fig. 3).
In S. aureus, lividomycin A showed stronger bactericidal activity than that in P.

aeruginosa. The activity, however, was somewhat weaker than that of kanamycin

in both media (Figs. 4 and 5).

Fig. 2. Bactericidal activity of

lividomycin A against P.
aeruginosa A3 in brain
heart infusion broth.

Fig. 3. Bactericidal activity of
kanamycin against P.
aeruginosa A3 in brain
heart infusion broth.

Fig. 4. Bactericidal activity of
lividomycin A against 5.
aureus FDA209P in brain

heart infusion broth.

Fig. 5. Bactericidal activtiy of
kanamycin against S. aureus

FDA 209P in brain heart
infusion broth.
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In vitro Developmentof resistance and cross resistance
The pattern of acquisition of drug resistance against lividomycin A was investigated

in comparison with both kanamycin and gentamicin. The progression and degree of
resistance of three test organisms are shown in Fig. 6. The rate of development of

resistance of lividomycin A was much slower than that of kanamycin in P. aeruginosa
and M. tuberculosis, while it was comparable in 5. aureus. No significant difference
was shown between lividomycin A and gentamicin.

The lividomycin A-resistant strain of 5. aureus which was artificially developed
in vitro showeda high resistance to kanamycin and a moderate resistance to strepto-
mycin and gentamicin. The kanamycin-resistant strain and the gentamicin-resistant
strain also showed high resistance to lividomycin A, whereas the streptomycin-

resistant strain remained sensitive against lividomycin A and kanamycin (Table 5).
A similar result was also observed in P. aeruginosa (Table 6).

Fig. 6. Patterns of in vitro developments of resistance of three test organism
to lividomycin A and kanamycin.

The ordinate indicates the maximumdrug concentration that bacterial growth is
allowed, and the abscissa the numberof test tube transfers.

Table 5. Cross resistance patterns of arti-
ficially-induced resistant strains of 5.

aureus FDA209P among lividomycin
A and related antibiotics.

MIC (mcg/ml)
Stram Livido- Kana- Strepto- Genta-

mycinA mycin mycin micin

S-FDT209P 6-25 313 3'13 °-39

S. aureusFDA 209 P 800 400 50 25
LVM-R

5. aureus
FDA 209P 400 100 50 12. 5

KM-R

S. aureusFDA209P 12.5 12.5 1,600 0.78
SM-R

5. aureus
FDA 209P 800 400 25 25

GM-R

Abbreviations : LVM: lividomycin A, KM: kana-
mycin, SM : streptomycin, GM: gentamicin.

Table 6. Cross resistance patterns of arti-
ficially-induced resistant strains of P.
aeruginosa Km-41 among lividomycin
A and related antibiotics.

MIC (mcg/ml)
Straln Livido- Kana- Genta- Col-Sti "

mycinA mycin micin

F'lZl\nosa 50 10° 3-13 3-13
RLVMgin°Sa >200 L600 10° 625

RKMTn0Sa >200 1'600 >200 6-25

P'<mTnosa >200 800 25 12-5

P. mrvginosa 50 50 6 25 200

Abbreviations : LVM: lividomycin A, KM: kana-
mycin, GM: gentamicin, CL : colistin.
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Table 7. Cross resistance patterns between lividomycin A and related antibiotics
in fresh, naturally-resistant strains

MIC (mcg/ml)

Lividomycin A Kanamycin Gentamicin | Streptomycin
P. aeruginosa GM, SM-R

GM, KM, SM-R
KM-R

KM, SM-R
KM, SM, LVM-R

E. coli KM, SM, LVM-R
KM, SM-R

K. pneumoniae KM, SM, LVM-R
KM, SM, GM-R

12.5

12.5

12.5

12.5

>800
>800

12.5
>800

6.3

100
200

>800
>800
>800
>800
> 800
>800
>800

>800

>800

50

>800

>800

>800

400

>800

100

Abbreviations : LVM: lividomycin A, KM: kanamycin, SM: streptomycin, GM: gentamicin.

Table 8. Susceptibility of clinical isolates to lividomycin A
No. of
strain
tested

MIC of lividomycin A
>200100

50
25

12.5 I 6.25 I 3.13I 1.56I 0.78I 0.39 I 0.2

S. aureus

P. aeruginosa
E. coli
Salmonella group
Shigella group
V. parahaemoliticus

M. tuberculosis

134

215

52

50

48

49

39

36
14

1

33
1

1

15

2

15

2

8

84
8

31
ll

59

22

31

15

34

1

3

25

5

4

2

1

1

3

6

2

* Each figure indicates the number of strain which showed an appropriate MIC.

Table 9. Therapeutic effects of lividomycin A and kanamycin for
experimental infections in mice.

Challenge doses
(cells/mouse) Mucin a)| Route

ED50 (confidence limits, p=0.05) mg/kg

Lividomycin AKanamycin

5. aureus Smith

P. aeruginosa NC-5

P. aeruginosa TK-157 b>
P. aeruginosa TI-13 c)(KM-R, LVM-R)

S. haemolyticus S-23

K. pneumoniae 34
E. coii GN-2411

E. coli GN-1970d)(KM-R>)

1.2x l04(100MLD)

3.5 x l04(100MLD)

6.0xlO4 (1MLD)

6.8x10* (1MLD)

1.1X103 (10MLD)

1.5X104 (10MLD)

3.5X102 (1MLD)

1.2X105 (1MLD)

233 (325-167)
0. 313 (0.407-0.241)
2.30 (2.83-1.87)

10.16 (14.13-6.92)
40.6 (57.7-28.6)
61.5 (90.4-41.9)

100 (144.3-69.3)

>400

>400

4.74 (5.17-4.34)
3.85 (4.00-3.70)

46.7 (50.0-43.0)

43.5 (56.3-33.6)

154 (189-126)
0. 156 (0.238-0. 102)
1.25 (1.81-0.863)

50.0 (64.0-39.0)
81,3 (113-74.0)
75.9 (104-55.3)

>800

>800

170. 1 (251-115)

<1.37
3.85 (5.30-2.79)

16.5 (23.4-ll.6)

>400

Ten male mice (weighing 18~22 g) per each experimental group were challenged intraperitoneally with
each bacterial suspension with or without 4%mucin. Antibiotic was given once at 2 hours after inoculation,
except for the infection with E. colt. For the experimental infections with E. coli, drug was given twice at
2 and 7 hours after inoculation.

a) + with mucin. - without mucin.
b) The strain produces kanamycin-phosphorylating enzyme.
c) The strain produces kanamycin- and lividomycin-phosphorylating, enzyme.

d) The strain also produces kanamycin-phosphorylating enzyme.
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Therefore, in artificially-induced resistant mutants, an intimate cross resistance
was found among lividomycinA, kanamycin and gentamicin, but not between livido-

mycin A and streptomycin. In clinical isolates, however, it was found that there
existed lividomycin-sensitive strains among high kanamycin-resistant strains and
gentamicin-resistant ones (Table 7).

Susceptibility of clinical isolates
Clinical isolates of various species of bacteria were investigated for their sensi-

tivity to lividomycin A, and the result was summarised in Table 8.
LividomycinA was found to inhibit 88 (66.5 %) of.134 strains of S. aureus at 12.5

mcg/ml or less, 186 (86.5%) of 215 strains of P. aeruginosa at 50mcg/ml or less, 42

(80.8%) of 52 strains of E. colt at 12.5 mcg/ml or less, 34 (79.8%) of 48 strains of
Shigella at 12.5 mcg/ml or less and 48 (96.0 %) of 50 strains of Salmonella at 25 mcg/ml
or less. Moreover, it inhibited 33 (84.6%) of 39 strains of M. tuberculosis including
19 kanamycin-resistant strains at 6.25 mcg/ml or less.

Therapeutic effect against experimental infections in mice
The therapeutic effects of lividomycin A against experimental infections with

several bacterial species were summarized in Table 9 in comparison with kanamycin.
For the experimental infection with S. aureus, K. pneumoniae and E. colt, the

therapeutic activities of lividomycin A are nearly equal or slightly weaker than that
of kanamycin, whereas the activity is higher than that of kanamycin for the infec-
tion with P. aeruginosa NC-5. Although kanamycin was quite ineffective against the
infections with kanamycin-resistant strains of E. colt and P. aeruginosa which

produced kanamycin-inactivating enzyme, lividomycin A showed protective activity
against these infections. However, lividomycin A showed no effect for the infections
with S. haemolyticus and lividomycin-resistant strain of P. aeruginosa producing
kanamycin- and lividomycin-inactivating enzyme.

Discussion

According to the experimental results described above, the antibacterial activity of
lividomycin A resembled closely that of kanamycin and paromomycin, except that this
substance possessed a moderate activity against strains of P. aeruginosa.

Although an intimate cross resistance was noted between this antibiotic and others
of the aminoglycoside group such as kanamycin and gentamicin with artificially-induced
resistant cultures, such cross resistance was not always found in clinical isolates. As it
is quite well known, kanamycin is inactivated by phosphorylating enzyme from the R
factor-mediated multiple drug-resistant cultures of enterobacteria as well as pseudomonads
resulting in the formation of S'-phosphorylkanamycin^12). This enzyme was shown to
be active not only to kanamycin but also to aminodeoxykanamycin, neomycin and
paromomycin, while gentamicin and lividomycin A were highly stable to this enzyme13"14^
presumably due to the fact that both of these substances were devoid of hydroxy group
at C-3 position of D-aminoglucose moiety containing deoxystreptamine in each structure4'15).
Such difference in the chemical structure of lividomycin A from other related substances
may account for the fact that this antibiotic was effective in experimental infections in

mice with kanamycin-resistant strains of E. coli and P. aeruginosa producing the kana-
mycin-phosphorylating enzyme.
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