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A strain of Streptomyces (No. 71070) was isolated from a soil sample

collected in Mexico. Taxonomic investigations led to its identity as a strain
of Streptomyces griseoruber Yamaguchi and Saburi, 1955. From the mycelium
of S. griseoruber strain No. 71070, two antibiotics were obtained in crystalline
form and were named lateriomycins A and B, respectively. These antibiotics
were especially active against Gram-positive bacteria and Yoshida sarcoma.
Moreover, they are pH-indicator antibiotics changing from orange yellow in
acidic solution to purple in alkaline solution. Comparison of the chemical and
biological characteristics of lateriomycins A and B with known antibiotics
indicated that they are new antibiotics.

In the course of screening for new antibiotics, it has been found that two new
antitumor antibiotics are produced by a streptomycete isolated from a soil sample

collected in Aqua Blanca, Mexico. The organism designated as strain No. 71070 was
similar to Streptomyces griseoruber Yamaguchi and Saburi, 19551} in morphological
and cultural characteristics with few exceptions, and was identified as a strain of that
species.

The antibiotic complex produced by S. griseoruber, strain No. 71070, is especially
active against Gram-positive bacteria and moreover exhibits antitumor activity. The
two componentsof the complex were obtained in crystalline form, and were identified
as newantibiotics whencomparedwith knownones. They were namedlateriomycin
A and lateriomycin B, respectively.

This paper describes the taxonomic and antibacterial characteristics of S. griseo-

ruber, strain No. 71070, and the isolation, physicochemical and biological properties of
lateriomycins A and B.

Experimental and Results

I. Taxonomic and Antibacterial Characteristics
The aerial mycelium of S. griseoruber, strain No. 71070, develops well on glucose-

asparagine agar. Its color is white at first and later changes to Pale Vinaceous Pink
or Pale MouseGray2). The chains of spores form loops or coils representative of

* Presented, in part, at the Annual Meeting of the Agricultural Chemical Society of Japan,
Sapporo, July 19, 1964.
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Table 1. Cultural characteristics of Streptomyces griseoruber, strain No. 71070

M ediu m                         C h ara cteristics

G row th  (G ) ; abu n dan t, w rin kled , colo rless, later C ong o P in k (R d g* . X X V III,
7" -b ).

Cza pek' s ag ar   Aer ial myce lium  (AM ); v elet y, c halk  whi te, late r Pa llid  Mou se G ray (Rdg .
L I, 15" '" -f).

S olu ble pig m ent (S P ) ; L ig ht P ink ish C in na m on (R d g . X X IX , 15" -d).

C zapek 's a ga rwith glucose ; ab u nd ant, w rink led , L ig ht V inaceou s-C in n am on (R dg . X X IX , 13^ -d )to F aw n C olor (R dg . X L , 13 r//).AM ; thin, Pallid Vinaceous-Drab (Rdg. XLV, 5""-f).sp ; faint brown or none.

mode rate , Pal e Vi nace ous-D rab (Rdg . XL V, 5" "-d)  to D ark  Vina ceou s-

C za pek 's ag ar

w ith  g lycerin

 D rab (R d g . X L V , 5" " -i).
A M  ; th in , P allid P urple-D rab (R dg . X L V , l" " -f) to P ale Q ua ker D rab

 (R dg . L I, l'" " -d ).
SP  ; faint b row n .

abu n dan t, B u ff-P in k (R dg . X X V III, ll" -d ) to P ale C ong o P in k (R dg .

G lucose-a sp arag in e
ag ar

 X X V III, 7" -f).
AM ;  velv ety, Pale  Vina ceous -Pink  (Rdg . XXV III,  9"-f ) to Pale  Mous e Gra y

 (R dg . L I, 15" '" -d ).
S P ; Salm on -B u ff (R d g . X IV , ll'-d ).

N u trien t ag ar G  ; m oderate, colorless later da rk brow n .A M  ; poor, p ow dery , w h ite to P a le.M ouse G ray .sp ; dark brown.

Glucose-nutrinetagar  G ; abundant, wrinkled, dark brown.AM ; thin, chalk white to Pallid Quaker Drab (Rdg. LI, l'""-f).sp ; dark brown.

Glycerin-nutrientagar   G ; abundant, wrinkled, dark brown.AM ; poor, chal k white.sp ; dark brown.

Glucose-nutrientbroth  G ; moderate, faint brown film without sediment.AM ; white to Pallid Mouse Gray.sp ; blackish brown.

Sta rch ag ar

E g g (37 -C )
 a bu n dan t, sp read ing-, brow nish b la ck .

A M  ; p oor, w h ite to P a le Q ua ker D rab .
 C o l o r o f  m ed i u m  be c o m e s m i l k y w h i t e.

Yeast extract agar G ; abundant, wrinkled, Buff-Pink (Rdg. XXVIII, ll"-d) to brown.AM ; abundant, velvety, chalk white to Pallid Mouse Gray.sp ; Army Brown (Rdg. XL, 13"'-i).

P otato plu g

c arrot p lu g G  ; a bu nd an t, w rink led .A M  ; p oor, w h ite to O rien t P in k (R dg . II, 9-f) to L ig h t M ou se G ra y .sp ; faint brown.

Milk (37 -C)    C ream  col ored  rin g fo rme d, w eak pept oniz atio n wi thou t co agul atio n.

Nutrient gelatin(25-C) G ; poor, lichenoid, dark brown.AM ; poor, white to Mouse Gray.Liquefaction slow.

(To be continued)
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Table 1 (Continued)
M e d iu m C h a r a ct e ris tics

N itr a te r e d u c tio n N o r ed u c t io n .

C e llu lo s e N o g r o w th .

H y d r o ly sis o n
s ta r c h  a g a r H y d r o l y s i s ,  g r o w t h  z o n e / e n z y m a t i c  z o n e = 1 1 ~ 1 3  m m / 1 5 ~ 1 7  m m .

C a l c i u m  m a l a t e

G  ; a b u n d a n t, P a le S a lm o n  C o lo r ( R d g . X IV , 9 '- f ) to F le sh  C o lo r (R d g .
 X I V ,  7 ' - d ) .

a g a r A M  ;  a b u n d a n t ,  v e l v e t y ,  w h i t e  t o  M o u s e  G r a y .
S P  ; n o n e  o r L ig h t P in k ish  C in n a m o n  ( R d g . X X IX , 15 " - d ) .

T y r o sin e a g a r
t h i n ,  c o l o r l e s s  t o  I v o r y  Y e l l o w  ( R d g .  X X X ,  2 1 " - f ) .

A M  : n o n e.
S P  : n o n e.

P e p to n e a g a r
G  ; th in , s p r e a d in g , d a r k  b ro w n .
A M  ;  t h i n ,  p o w d e r y ,  w h i t e  t o  M o u s e  G r a y .
S P  ; d a r k  b r o w n .

Rdg.: R. Ridgway, Color Standard and Color Nomenclature. Published by the author,
Washington, D. C, 1912.

Table 2. Carbon source utilization of
Streptomyces griseoruber, strain
No. 71070

C a rb o n

s o u rc e s
G r o w th

C a r b o n

s o u r c es
G ro w th

E r ith r ito l S u c r o s e + + +

D - S o rb it ol + L a c to s e + + +

D - In o s it ol + + + R a ffi n o se + + +

D - M a n n it o l + + _L T r e h a lo s e + + +

D u lc ito l + S a lic in

D - R ib o se + + In u lin + + 4 -

D - X y lo se + + + C e llo b io s e + + +

Tj-A ra b in o s e + + + G ly c e r in + + +

D - G a la c to s e + + + N a - a c e ta te 4 -

n - G lu c o s e + + + N a - su c c in a t e + +

D - F r u c to s e + + + N a - c it ra t e +

L - R h a m n o se + + + C o n tr o l
D - M a lto s e + + + (N o ca rb o n )

Basal medium (g/liter) : (NH4)2SO4, 2.64;
KH2PO4, 2.38; K2HPO4, 5.65; MgSO4-7H2O,

1.00; CuSO4.5H2O, 0.0064; FeSO4.7H2O,

0.0011; MnCl2.4H2O, 0.0079; ZnSO4-7H2O,
0.0015 and agar, 15.00.

+++; Very good growth, ++; Good
growth, +; Growth, +; Faint growth,
-; No growth.

Table 3. Antibacterial spectrum of Streptomyces
griseoruber, strain No. 71070, by cross-

streak method

T est org a nism s

Inh ibition len g th
(m m ) of zone

Nutrientagar Glycerin-nitrient agar

E sch erichia coli 3   3 2    2

P roteu s vu lg aris 0   0 7    6

S tap hy lococcus a ureus 13   13 6    7

B a cillus subtilis 14  15 8    8

B acillu s cereu s ll   ll 0    0

B acillus brevis 13   13 0    0

S arcin a lu tea 17   18 7    6

Micrococcus fiavus 14   15 7    7

A eroba cter a erog en es 0   0 0    0

P seu dom on as aerug in osa 0   0 3    3

Mycob act eriu m avi um 0    0

M y cobacteriu m  sm eg m a tis 0    0

Mycobacterium phlei 0    0

Sections Retinaculum-Apertum or Spira of Pridham et al.3) and the spores are ellip-

soidal or oval (0.5-0.8 ju x 1.0~l.3 ju) with smooth surfaces. The cultural characteristics
of strain No. 71070 are shown in Table 1. On chemically-defined media the vegetative
mycelium of strain No. 71070 develops well. It is colorless at first, but changes to
pale orange or pale pink. A pale yellowish brown or pale pink soluble pigment is
produced. On protein-containing media the color of the vegetative myceliumis pale
brown or dark brown, and white or Pallid Mouse Gray aerial mycelium is formed.
The soluble pigment is brown or blackish brown. Accordingly, strain No. 71070 is
considered to be chromogenic. The utilization of carbon sources of strain No. 71070
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was investigated by the method of Pridham and Gottlieb4). The results are shown
inTable2.

The antibacterial spectrum of strain No. 71070 was determined by the cross-streak
method using nutrient agar and glycerin-nutrient agar. It was found that the organism
exhibited activity mainly against Gram-positive bacteria (Table 3).

Among the known species of Streptomyces, S. fervens5) DeBoer et aL, 1960, S.

purpurescens6) Lindenbein, 1952, and S. griseoruber Yamaguchi and Saburi, 1955 were
considered similar to strain No. 71070 in cultural characteristics. However, some dif-
ferences were noted in their morphological characteristics. Streptomyces fervens is
verticillate, and the spores of S. purpurescens have echinulate surfaces, our strain has

no such morphological characteristics. On the other hand, strain No. 71070 resembled
S. griseoruber in cultural and morphological characteristics.
Based on the above-mentioned similarities and differences, strain No. 71070 was

identified as S. griseoruber Yamaguchi and Saburi, 1955.
II. Production and Isolation of Lateriomycins A and B

(1) Production

The antibiotic complex was produced in a medium(adjusted to pH 7.0) contain-
ing 3.0 % soluble starch, 2.0
% soy bean flour, 1.0% meat
extract and 0.5% sodium

chloride. For a typical run,
500 liters of the medium in

a 1,000-liter stainless steel
fermentor was inoculated
with 30 liters of a seed
culture. The fermentation
was carried out at 28°C for
four days with aeration (500

liters/min.) and agitation (160
r.p.m.). When the fermen-

tation was completed, as
determined by bioassay of

mycelial activity and culture
filtrate using Bacillus subtilis
in a paper disc assay, the

myceliumwas harvested and
washed. Preliminary experi-
ment showed that two or
three times as much anti-
biotic was present in the

mycelium as in the cultural
filtrate.

(2) Isolation

Chart 1. Isolation of lateriomycins
Fermentation broth

filtered

Filtrate
Mycelial cake

Me2CO

Exhausted mycelia
Extractsconcentrated

Aqueous soln.

AcOEt (pH 7.5)
Aqueous layer

Extracts
phosphate buffer (pH 2.5)

Aqueous layer
(Fraction MA)

AcOEt (pH 7.5)
I I

Extracts Aqueous layer
concentrated

petroleum ether
Ppt.

Concentrate (MeOH soln.)
Et2O

Ppt.

Silica gel column
AcOEt

Eluate
concentrated

Orange red needles

(Lateriomycin A)AcOEt(Fraction MB)concentrated
SilicagelcolumnAcOEt

Eluateconcentrated
Reddishorange needles(LateriomycinB)
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The extraction and purification procedure for lateriomycins A and B is summarized
inChart1.

The mycelial cake (70 kg) obtained by filtration of the culture broth (480 liters)
was extracted with acetone (150liters) with stirring for one hour. The extract was
concentrated in vacuo to about one-thirtieth of the original volume. The concentrated
solution was adjusted to pH 7.5 and extracted three times with ethyl acetate (1/3 vol.).
The extract was reextracted thrice with 0.1m phosphate buffer (adjusted to pH 2.5
with dil. HG1) (1/3 vol.). The active material was divided into a basic fraction (MA)
and a neutral fraction (MB). After MAwas adjusted to pH 7.5, it was reextracted
with ethyl acetate. The extract was washed twice with distilled water (1/10 vol.) and
concentrated in vacuo, and a large amount of petroleum ether was added to this
concentrated solution, yielding an orange yellow precipitate. The precipitate was
dissolved in a small amount of methanol and reprecipitated by the addition of
diethyl ether to the solution with vigorous stirring. This second precipitate, was

recovered by filtration and air-dried. Fraction MA thus obtained is an orange

yellow powder (ca.< 2.5g). Crude fraction MApowder (1 g) was- purified by column
chromatography on silica gel (Merck) by development with benzene and elution with
ethyl acetate. The active effluents were collected and concentrated in vacuo to yield
orange red needles. The crystalline product was recrystallized from a mixture of

ethyl acetate and methanol (2 : 1, v/v) giving pijire lateriomycin A(ca. 200 mg) as orange
red needles (Plate 1).

Plate 1. Crystals of lateriomycin A Plate 2. Crystals of lateriomycin B

Fraction MBwas washed with distilled water and concentrated in vacuo, giving
a dark reddish oily substance (300ml). The oily substance was dissolved in a small

amjount of methanol and purified by chromatography on silica gel. After impurities
were removed by elution with petroleum ether and diethyl ether, "the main active
fraction was eluted with" ethyl acetate. Reddish orange needles were ;ot)tained by
concentration of the active eluate under reduced pressure. Pure lateriomypin B (200
mg) was obtained as orange needles by reOrystalBzation from a mixture of methanol
and ethyl acetate (1 : 1) (Plate 2).

III. Physicochemical and Biological Properties of Lateriomycins A and B
(1) Lateriomycin A
Lateriomycin A occurs as orange red needles and melts with decomposition at

202~206°G. It is soluble in methanol^ ethanol, 1-butanol, acetone, ethyl acetate,
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chloroform and benzene; is slightly soluble in diethyl ether; but is insoluble in
petroleum ether and water.
The results of elementary analyses were as follows : C, 60.13, 60.15, 60.18; H, 5.84,

6.06, 6.02; N, 1.90, 1.92, 2.01.

The molecular weight was found to be 1,151 or 1,330 by osmometry (in CHC13).
The optical rotation was found

to be OB1 +186° (c0.3, in CH-

Cl3). The antibiotic gave positive
Molisch and ferric chloride tests,
and negative ninhydrin, Fehling,
biuret, Ehrlich and Pauly tests.
The ultraviolet and visible absorp-
tion spectra are shown in Figs. 1

and 2. Maximumabsorptions were
shown at 234 mju (E!?m 581), 253 m/m
(El?m 403), 290 mju (E}?m 131), 480 m^
(E!?m 176) with a shoulder at 530 mju
in methanol. The infrared absorp-
tion spectrum is shown in Fig. 3.

Lateriomycin A is orange yellow in
acidic methanol solution and purple
in alkaline solution.

The antibacterial spectra of

lateriomycins A and B were studied
by using nutrient agar with Gram-
positive and Gram-negative bac-
teria as the test organisms and

incubation for 24 hours at 37°C.
For acid-fast bacteria, glycerin-

Fig. 1. Ultraviolet absorption spectrum of
lateriomycin A (MeOH)

L ateriomycin A

230 240 250 260 270 280 290300 320HI}1

Fig. 2. Visible absorption spectrum of
lateriomycin A (MeOH)

L ateriomycin A

340 360 380 400 420 440 460 480500 550 600JJ

Fig. 3. Infrared absorption spectrum of lateriomycin A (KBr)
50004000 3000 2500 2000 15001400 1300 1200 UOO 1000 900 800 700 Cm"1

jqO I 1 > 1 1 1 1 1 r^1-i 1 j 1 1

Lateriomycin A

à"0-1/1/ Im A r~~^ys~^~.

20à"

0 « » 1 1---J 1 i i i i i i
a 3 4 5 6 7 8 9 10 I I 12 /3 /4 ISJJ
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nutrient agar was used with incubation for 48 hours, at 37°C. For molds and yeasts,,
glucose-nutrient agar was used with incubation for 48 hours at 28°G. The results are
presented in Table 4. Lateriomycin A exhibited strong activity against Gram-

positive bacteria (MIG ; 0.05-0.5 mcg/ml), weak activity against mycobacteria (MIC ;.
10-20 mcg/ml) and no activity against Gram-negative bacteria, molds and yeast (MIG ;
MOOmcg/ml). Moreover, it exhibits inhibitory activity against Yoshida sarcoma and
sarcoma 180.

Acute toxicity studies with mice

showed that lethal doses were 0.4-

0.8 mg/kg (intra-peritoneal administra-
tion).

(2) Lateriomycin B

Lateriomycin B occurs as reddish

orange needles and melts with decom-
position at 234-236°C. The antibiotic
is soluble in methanol, ethanol, 1-
butanol, acetone, chloroform and
benzene; but is insoluble in petro-
leum ether and water.

The results of elementary analyses
were as follows: C, 65.21; H, 5.22;
O, 30.09. The molecular weight was
found to be 410 by osmometry (in
CHC13). The optical rotation was
OB2 -68°±4 (c 0.06, in CHC13). The

antibiotic gave positive Molisch and
ferric chloride tests, and negative
biuret and Fehling tests. The ultra-
violet and visible absorption spectra

Fig. 4. Ultraviolet absorption spectrum oflateriomycin B (MeOH)

Latariomycln B

220 230 240 250 260 270280 300 320 340m?

Fig. 5. Visible absorption spectrum of
lateriomycin B (MeOH)

40r Lateriomycin B

20- . o

360 380 400. 450 500 600 700 800 900m}£

Fig. 6. Infrared absorption spectrum of lateriomycin B (KBr)
5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900 800 700 Cm"*
100 1 I 1 1 1 1 1 1 1 1 1 1 1 1

Lateriomycin B
80 å  ^^^\

°2 3 4 5 6 7 8 9 10 It 12 13 14 15Ji
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Table 4. Antibacterial spectra of lateriomycins A and B

T e st o r g a n is m s

M in im u m  in h ib ito r y

c o n c e n tr a tio n  m c g /m l

L a t e r i o m y c in A   L a t e r i o m yc i n B

E sc h e r ich ia  c o li > 10 0 > 1 00

P r o te u s vu lg a r is > 10 0 > 10 0

P s eu d o m o n a s a e r u g in o sa > 10 0 > 10 0

B a c illu s su bh lis 0 . 1 2 - 5

B a c illu s ce r eu s 0 . 2 5

B a c illu s br e v is 0 . 2 2 - 5

S ta p h y loc o cc u s a u r e u s 0 . 5 5 - 10

S a r c in a  lu tea 0 . 0 5 5

M ic r o c oc c u s  fi a v u s 0. 0 5 2

M y c o b a c t e r i u m  a v i u m 2 0 2 0

M y co b a c te r iu m  sp . A T C C  6 0 7 2 0 > 1 0 0

M y co b a c te r iu m  sm eg m a tis 1 0 1 0

M y c o b a c t e r i u m  p h l e i 2 0 > 1 0 0

S a cc h a r om y c es c er e v is ia e > 1 0 0 > 1 0 0

C a n d id a a lbic a n s > 1 0 0 > 1 0 0

P e n ic illiu m  c h r y sog en u m > 1 0 0 > 1 0 0

A sp er g illu s n ig er > 1 0 0 > 1 0 0

are shown in Figs. 4 and 5.

Maximumabsorptions were
.shown at 236mju (E}?m 716), 253

m^ (El?m 864), 290 mju (Ei*m 227),
490 mv (E1L 348) and 529mju
<Ej?m 226) in methanol. The in-

frared absorption spectrum is
shown in Fig. 6. Lateriomycin

B, like lateriomycin A, is orange
yellow in acidic methanol solution
and purple in alkaline solution.
As shown in Table 4, lateriomy-
cin B exhibited antibiotic activity
against Gram-positive bacteria,

but its activity was one-twentieth
to one-fiftieth that o£ lateriomy-

cin A. It exhibited considerable
tumor inhibition with Yoshida sarcoma tests. The LD50 of lateriomycin B in mice
was 6.25 mg/kg (intraperitoneal administration).
Lateriomycins A and B exhibited stronger activity on basic assay media than

on neutral or acidic media. Therefore, they would be classified as physiologically
basic substances7). The antitumor activities of lateriomycins A and B will be reported
in detail elsewhere.

Discussion

Lateriomycins A and B turn orange yellow in acidic solution and purple in alkaline
solution. Therefore they are classified as pH-indicator antibiotics. Also, they are especially
active against Gram-positive bacteria and exhibit antitumor activity. Lateriomycin A
contains nitrogen in its molecule. Lateriomycin B does not.

Based on its characteristics, lateriomycin A was found to resemble the following anti-
biotics ; antibiotic 2898), antibiotic SKCC 13779), danubomycin10), daunomycin1^, luteomy-
cin12), mezzanomycin (antibiotic P-57513)), miromycin (antibiotic P-28514)), pluramycin15),

Tactinomycin A16), rubidomycin17), rubomycin18) and vinacetin19). Antibiotic 289 and luteo-
mycin differ from lateriomycin A with respect to ultraviolet spectra and result of the
Molisch test. Antibiotic SKCC1377 is water soluble. Differences between lateriomycin A
and danubomycin exist in regard to elementary analyses. Lateriomycin A clearly differs
from mezzanomycinand miromycinin its color reactions, antibacterial spectrum and ultra-
violet absorption spectrum. Differences between lateriomycin A and pluramycin exist in
regard to ultraviolet absorption spectra, visible light absorption spectra and result of the

ferric chloride test. Ractinomycin A definitely differs from lateriomycin A in its anti-
bacterial and infrared spectra. Daunomycin, rubidomycin and rubomycin differ from

lateriomycin A in elementary analyses and antibacterial spectra. Also, vinacetin is active
against mycobacterium and is more active in acid state than in alkaline, thus differing
fro|n lateriomycin A.
Based on its characteristics, lateriomycin B resembles ayamycin A220), collinomycin21),

ininomycin22) and resistomycin23) because of pH-indicator characteristics. Lateriomycin B
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obviously differs from these antibiotics in its elememtary analysis, ultraviolet spectrum,
infrared spectrum, color reactions and antimicrobial spectrum.
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