
VOL. XXIV NO. 4 THE JOURNAL OF" ANTIBIOTICS 215

         TUNiCAMYCIN, A NEW ANTIBIOTIC. I

     ISOLATION AND CHARACTERIZATION OF TUNICAMYCIN

        Akira Takatsuki, Kei Arima and Gakuzo Tamura

              Laboratories of Microbiology and Fermentation,
         Department of Agricultural Chemistry, The University of Tokyo,
                    Bunkyb-ku, Tokyo, Japan

             (Received for publication December 3, 1970)

     Tunicamycin is a new antiviral antibiotic produced by Streptomyces lyso-
  superificus, nov. sp. The active substance in culture broth is purified by
   solvent extraction followed by chromatography on silicic acid. It has a mole-
   cular weight of about 870. The antibiotic is active against animal and plant
   viruses, Gram-positive bacteria, yeast and fungi. Tunicamycin is similar in
   some properties to a few known antibiotics but differs from them in certain
   special characteristics.

  Employing the agar diffusion method of Herrmann et al.l\ antiviral substances

have been searched for among microbial products. Among about 4,000 Actinomycetes

isolated from soil samples, one strain was found to produce a new antibiotic active

against both RNA and DNA viruses. The active principle was isolated and charao

terized. Effects of the antibiotic on incorporation of precursors of cell constituents

suggest that it acts on membrane synthesis in animal cells and alters some other
synthetic processes including nucleic acids and protein (manuscript in preparation).

Morphological changes were induced by the antibiotic in sensitive microorganisms

including bacteria and yeasts without inhibition of protein and nucleic acid syntheses
(unpublished observations). The antibiotic was named tunicamycin {tunica means

coat) after its mode of action. The producing organism was also found to be a new

species of the genus Streptomyces and named Streptomyces lysosuperificus nov. sp.

after its characteristics of growth and the action mechanism of the antibiotic it

produces. The taxonomic studies of the producing organism will appear in a sub-

sequent paper of this series. Production, isolation, and chemical, physical and

biological

 properties of tunicamycin will be presented in this paper.

           I. Production and Isolation of Tunicamycin

  (1) Production by fermentation
  Streptomyces lysosuperificus was cultivated in a medium containing 2 % glucose,

2% gluten meal, 2% Pharmamedia, 0.5% Ebios, 1.5% KH2PO4, 3% K2HPO4 and

0.3% CaCO3. Culture was carried out at 27°G on a shaking machine, in a jar

fermentor or in a tank fermentor with adequate aeration and agitation. Growth of
the organism was very good and culture broth was very foamy because of lysis of

the organism. The lysis could not be prevented in any producing medium tested.

  An example of the fermentation process is shwon in Fig. 1. Tunicamycin was

detected after 30 hours and increased throughout the cultivation for 100 hours.
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Tunicamycin was found to be
stable even when lysis of the pro-
ducing organism had taken place.

Antibiotic activity was checked by

paper-disc bioassay with Newcastle

disease virus (NDV) as an indicator

organism.

(2) Isolation

Tunicamycin could be isolated

by various combinations of well

known methods. A representative

flow sheet of the isolation is shown
in Fig. 2.

The culture broth of Strepto-
myces lysosuperificus was filtered
with the aid of Celite 545 (Johns-
Manville). The mycelial cake was

extracted with methanol two times.

Fig. 1. A time course of fermentation cf
tunicamycin.
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The combined methanol extract was concentrated to remove the solvent at below
45°C in vacuo. The concentrate was adjusted to pH 3 with HG1 and stirred with

^-butanol. The n-butanol extract was concentrated to a syrup. Three to five
volumes of acetone was added to the syrup and the mixture was held at 4°C to
precipitate tunicamycin. Precipitates were collected by filtration or centrifugation and
dissolved in alkaline water. The water solution was washed once with ethylacetate
after adjusting the pH to 3 followed by extraction with n-butanol two to three times.
Washing with ^-butanol at alkaline pH removed gummy materials to a great extent
butmuch of the antibiotic was lost in the discarded butanol. The ^-butanol extract
was concentrated in vacuo. The crude extract was fractionated by passing through
a silicic acid (Mallinckrodt) column eluted with a chloroform-methanol mixture

<(1: 1~1 : 2). Elution of tunicamycin was followed by examining the anti-NDV activity
of each fraction. Active fractions were collected and concentrated to a small volume.

The concentrate was held at 4°G overnight to obtain tunicamycin as a crystalline
powder. A small amount of acetone was added in some cases to promote the
precipitation. The recovered precipitate was further purified by recrystallization

f

rom methanol, methanol - acetone or methanol - ethanol mixture.
Tunicamycin was also obtained from the culture filtrate by a similar procedure.

II. Physical and Chemical Properties

Pure tunicamycin was obtained as a white crystalline powder with physical and
chemical properties as follows :

(1) Solubility: Soluble in alkaline water, pyridine and hot methanol, slightly
solubleinethanol and butanol, insoluble in acetone, ethylacetate, chloroform, benzene
and acid water.
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Fig. 2. Extraction and isolation procedures of tunicamycin.
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(2) Melting point : 234-235°C (decomp.)

(3) Optical rotation: [oc]g +52° (c 0.5, pyridine)
(4) Color reaction: Positive I2, AgNO3, KMnO4 and Rydon-Smith reactions.

Negative ninhydrin, Sakaguchi, Elson-Morgan, diazo, FeCl3, Fehling, aniline

phthalate and hydroxylamine-Fe reactions.

(5) Thermostability: When tunicamycin was dissolved in water and held at

100°C for 30 minutes, it was stable at neutral and alkaline pH, but unstable at acidic
pH.

(6) Molecular weight: Tunicamycin did not give a satisfactory mass spectrum.

Molecular weight determinations by the vapor pressure equilibrium method (Model
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115 Hitachi) gave a value of 870.
(7) Elementary analysis :

Found: G 52.59, H 7.67, N 6.25.

Calculated for G38H66N4O18 (M. W.
866.94): G 52.53, H 7.67, N 6.46.
The above molecular formula of
tunicamycin is a tentative one that
requires further studies.

(8) Ultraviolet absorption spec-

trum (Fig. 3): Tunicamycin showed
two peaks of absorption at 205 mju
(E}*m 230) and 260 mju (E}*m 110) in
methanol.

(9) Infrared absorption spec-
trum (Fig. 4): The presence of

-OH and/or -NH (3400 and 3300

Fig;'3.UVspectrumoftunicamycininmethanol.
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Fig. 4. IR spectrum of tunicamycin (Nujol mull).
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Fig. 6. Thin-layer chromatograms of tunica-

mycin (T) and mycospocidin (M).
Spot films of silica gel and alumina were ob-

tained from Tokyo Kasei Co., Tokyo. Cellulose
is a product of Funakoshi Yakuhin Co., Tokyo.
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Fig. 7. Time course of hydrolysis of
tunicamycin "with 2 n HC1.

Tunicamycin (2 mg/ml) was hydrolyzed
with 2 N HC1 at 105°C. Atdesignatedtime
intervals, Elson-Morgan reaction of the
hydrolysates was carried out. Measure-
ments of O.D.635mju were expressed as
molar glucosamine equivalents from one
mole tunicamycin (M.W. 870).
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Fig. 8. Co-column chromatography on Dowex 50
(H+ type) of tunicamycin hydrolysate,
14C-galactosamine and 3H-glucosamine.

Tunicamycin was hydrolyzed with 2n HC1 at 105°C
for 16 hours. After neutralization, it was mixed with
radioactive glucosamine and galactosamine. The mix-
ture was passed through Dowex 50 (H+ type) column
(10x500mm) developed with distilled water, and fol-
lowed with 0.3 n HC1. Radioisotope counting, Elson-
Morgan and phenol-sulfate reactions were carried out
with each fraction (3 ml).
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(10) Nuclear magnetic reso-
nance spectrum (Fig. 5): NMR
spectrum of tunicamycin dissolved
in CgDgNi is presented. When
NMR was measured with tunica-

mycin dissolved in methanol, no
aromatic hydrogen absorption was
observed.

(ll) Ghromatography (Fig. 6) :
The chromatograms of tunica-
mycin and mycospocidin, an anti-
biotic with characteristics similar
to tunicamycin as will be discussed below, are presented. The antibiotics were
visualized by bioautography. Tunicamycin is differentiated from mycospocidin in
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water-saturated n-butanol on cellulose.

(12) Hydrolysis of tunicamycin : Hydro-

lysis of tunicamycin was carried out with 2 N

HG1, 2N H2SO4 or 2n KOH. Tunicamycin is

resistant to alkaline hydrolysis and antiviral
activity is detected even after a 24-hour treat-
ment with 2N KOH at 105°C. On the other
hand, tunicamycin is easily hydrolyzed with

acids, especially with HG1, and hydrolysis with
2N HC1 was nearly complete in 2 hours as
revealed by Elson-Morgan reaction (Fig. 7).

Analysis of an acid hydrolysate of tunicamycin
(6n HC1, 16 hours at 105°C) with an amino

acid analyzer showed the presence of gluco-
samine but not of any amino acid. The
presence of glucosamine in the hydrolysate of

Fig. 9. Treatment of tunicamycin with
periodate.
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0
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in the dark. The reaction was stopped by
adding an aliquot of the reaction mixture
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time intervals. Residual antiviral activity
was determined by the agar diffusion me-
thod employing NDV and chick embryo
cells.
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tunicamycin was confirmed by co-column chromatography on Dowex 50 (H+ type)

with radioactive glucosamine and galactosamine (Fig. 8). The major peak with
positive Elson-Morgan reaction was eluted with the radioactive glucosamine. A

second peak was detected after the radioactive galactosamine. The second peak gave
positive Elson-Morgan reaction, but it showed stronger phenol-sulfate reaction than
glucosamine. Treatment of glucosamine with 2N HG1 at 105°C for more than 24
hours and column chromatography on Dowex 50 did not exhibit such a peak.
Therefore, the second peak can not be attributable to some degradation product of
glucosamine itself. Identification of the second peak is now in progress.

No neutral sugar was detected by phenol-sulfate reaction on column chromato-
graphy on Dowex 50 (H+ type) eluted with distilled water as shown in Fig. 8. The
Elson-Morgan reaction of the hydrolysate of tunicamycin mostly depends upon
glucosamine (Fig. 8). It is concluded from the result shown in Fig. 7 that tunica-

mycin contains two moles glucosamine in its molecule.
(13) Treatment of tunicamycin with periodate: Treatment with periodate

promptly and completely destroyed the antiviral activity of tunicamycin (Fig. 9).
This result suggests that sugar moiety of tunicamycin is essential for the antivial
activity of the antibiotic. Reversal of the antiviral activity of tunicamycin with
some amino sugars2) also indicates the important role of the sugar moiety of tunica-

mycin in its antivral activity.

III. Biological Properties

(1) Antiviral activity : Tunicamycin inhibited multiplication of NDV and herpes
simplex virus in cultured cells to nearly the same extent (Table 1), and thus both
RNA and DNA viruses are included in its antiviral spectrum. Some biological
aspects of the antiviral activity of tunicamycin will be presented in a subsequent
paper of this series3).
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Table 1. Cytotoxicity and antiviral activity of
tunicamycin as determined by the agar-
diffusion plaque-inhibition method

m cg /m l

M a x im u m  c o n ce n tr a tio n  t o le r a te d  b y > 1 2 ,  0 0 0

 0 . 5

c u lt u r e d  c h ick  e m b r y o  fib r o b la s ts

M in im u m  in h ib ito r y  c o n ce n tr a tio n
a g a in st  N D V

H S V 0 . 5

The Miyadera strain of NDV and the HF strain
of herpes simplex virus were used. Two-day cul-
tures of chick embryo fibroblasts in Petri dishes
were employed as host cells.

Tunicamycin suppressed occurrence of
local lesions on tobacco mosaic virus

(TMV)-infected leaf discs (Table 2). It
also inhibited multiplication of TMV in

vivo in leaves of Nicotiana tobacum (un-

T

able2. Anti-TMV activity of tunicamycin
as determined by the local lesion method.

C o n c e n t r a t i o n

( m c g V m l)
I n h i b i t i o n  r a t io  ( * )

P h y t o t o x i c it y

1 0 0 1 0 0 +

2 0 1 0 0

4 1 0 0

0 . 8 1 0 0

0 . 1 6 1 0 0

0 .  0 3 2 5 2

0 .  0 0 6 4 0

Coleoptiles of 2-week-old Phaseolus vulgaris L.,
Pinto were infected with TMV with an aide of car-
borundum. Leaf discs (llmm in diameter) were
prepared from the infected coleoptiles and were
floated on antibiotic solutions in Petri dishes. After
an incubation at 25°C under continuous 3,000 lux
fluorescent illumination, local lesions formed on the

leaf discs following TMV multiplication were count-
ed. Effect of tunicamycin on TMV multiplication
was expressed as % inhibition of the occurrence of

local lesions. Phytotoxicity of the antibiotic on the
leaf discs was observed at the same time.

published observation). Slight toxicity was observed at higher concentrations than:
that required for inhibition.

(2) Antimicrobial activity : The minimum inhibitory concentration of tunica-
mycin against a variety of microorganisms was examined by tube or paper disc

methods. The results are given in Table 3. Tunicamycin was active against Gram-
positive bacteria, yeasts and fungi. Bacillus species were the most sensitive to the

antibiotic among all examined. Activity against Piricularia oryzae was nearly the

Table3. Antimicrobial spectrum of tunicamycin as determined by tube dilution method

T h e  o r g a n is m s

M in i m u m

in h ib it o r y

c o n c e n -
t r a t i o n s

( m c g / m l)

T h e  o r g a n is m s

M i n im u m

i n h i b it o r y

c o n c e n -
t r a t i o n s

( m c g / m l )

Pse udomona s  o v a l i s        I A M  1 0 9 1 > 1 0 0 Bacillus  s u b ti l is        I A M  1 0 2 8 2

Pseudomonas  a e r u g in o s a    I A M  1 0 9 5 > 1 0 0 B a c i ll u s  c e r e u s         I F O  1 1 1 0 2

A e r o b a c t e r  a e r o g e n e s      I A M  1 0 1 9 > 1 0 0 B a c il l u s  a l v e i          I A M  1 2 5 8 1 0

Proteus  v u lg a r is        I A M  1 0 2 5 > 1 0 0 Bacillus  fi r u m u s       I A M  1 1 8 8 5

E s c h e r i c h i a  c o l i  K - 1 2 > 1 0 0 B a c il l u s  r o s e u s         I A M  1 2 5 7 2 0

E s c h e r ic h i a  c o l i  B > 1 0 0 Bacillus  th i a m i n o ly t i c u s   I A M  1 0 3 4 5

A z o t o b a c te r  a g i le        I A M  1 0 7 8 2 5 B a c i ll u s  a n e u r i n o l y t ic u s   I A M  1 0 7 7 5

A c h r o m o b a c te r  c y c lo c la s t e s   I A M  1 0 1 3 > 1 0 0 B a c il l u s  s te a r o t h e r m o p h il u s  I A M  1 0 3 5 5

Flavobacterium  a q u a t il     I F O  3 7 7 2 1 0 0 M y c o b a c t e r iu m  a v iu m    I F G  3 0 8 2 1 0 0

Serratia  m a r c e s c e n s        I A M  1 0 2 1 > 1 0 0 M y c o b a c t e r iu m  s m e g m a t i s  I F O  3 0 8 3 1 0 0

M i c r o c o c c u s  l y s o d e i k t i c u s    I A M  1 3 1 3 5 0 A g r o b a c te r i u m  tu m ef a c i e n s  I A M  1 0 3 7 M O O

M ic r o c o c c u s  v a r ia n s       I A M  1 0 5 7 1 0 0 E r w i n ia  a r o i d a e        I A M  1 0 6 8 > 1 0 0

S ta p h y l o c o c c u s  a u r e u s     I A M  1 0 1 1 5 0 X a n t h o m o n a s  o r y z a e     I A M  1 6 5 7 > 1 0 0

S ta p h y l o c o c c u s  a u r e u s     I A M  1 0 5 8 1 0 0 Candida  j a p o n i c a       I A M  4 1 8 5 3 0

S a r c in a  l u te a            I A M  1 0 9 9 5 0 Can dida  a l b i c a n s        I A M  4 8 8 8 3 0

Brevibacterium  a m m o n i a g e n e s  I A M  1 0 4 1 4 0 Candida  t r o p i c a li s      I A M  4 9 2 4 3 0

C o r y n e b a c t e r i u m  e q u i     I A M  1 0 3 8 2 0 Saccharomyces  f e r m e n ta ti  I A M  4 7 7 1 5 0

Microbacterium  fl a v u m     I A M  1 6 4 2 2 5 Saccharomyces  c e r e v is i a e   I A M  4 1 2 5 3 0

M ic r o b a c t e r i u m  l a c ti c u m     I A M  1 0 4 0 1 0 0 Hansenula  s c h n eg g i     I A M  4 2 6 9 3 0

Bac illus  s u b t i li s          I A M  1 5 2 3 0 . 1

0 . 5

Rhodotorula  g l u ti n is     I A M  4 6 4 2 3 0

B a c il l u s  s u b t i li s          I F O  3 0 2 2 P ir i c u l a r i a  o r y z a e * 1

* Determined by paper disc method.
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same as that against Bacillus subtilis.
Tunicamycin induces various morphological changes among sensitive micro-

organisms without inhibition of protein and nucleic acids syntheses as will be shown
in another paper of this series (in preparation).

IV. Comparion with Already Known Antibiotics

The physical and chemical properties of tunicamycin show some resemblance to
antibiotics such as mycospocidin4), moenomycin5), prasinomycinse), macarbomycin7)
and diumycins8). But the above antibiotics, except mycospocidin, have phosphorus

in their molecules, but tunicamycin does not. In addition, the molecular weight of

tunicamycin was less than one-half of these antibiotics. Mycospocidin and tunica-
mycin have very similar melting points, elementary analyses, UV and IR spectra.
Thin-layer chromatograms on cellulose, silicic acid and alumina of mycospocidin and

tunicamycin are presented in Fig. 6. Differences between the two antibiotics were
detected in some adsorbant-solvent systems. Mycospocidin and tunicamycin were
found to be active on NDV to similar extents. Physical and chemical characteristics
of the two antibiotics are summarized in Table 4 for comparison. Some differences
are detected between the two, such as diazo reaction and presence of glycine or
glucosamine in the hydrolysates.

Table4. Summarized characteristics of mycospocidin and tunicamycin

M y cospocid in T u n icam y cin

P rod ucin g org an ism S trep tom y ces bobiliae Strep tom y ces lysosup erifi cu s

U ltrav iolet ab sorption
215 m ju (E J* , 2 15)

and 257~ 258 m ju (E J¥%

205 m ju (E }* , 230)

a nd 2 60 m fi (E i* 110)

E lem entary an alysis C 54 .26, H 7 .57, N 6.4 3 C 52 .59,  H 7.67, N 6.25

M elting p oin t 233~ 234-C (decom position ) 234~ 235-C (decom position )

C olor reaction D iazo (+ ) D iazo (- )

P rodu cts of hy d roly sis

w i t h 6 n H C l
G ly cin e G lu cosa m in e

(G ly cin e w as n ot detected)

M in im u m in h ib itory
con cen tration s ag ain st;

P ir icularia ory zae 25 m cg /m l 1 m cg/m l

N D V 1.5 m cg /m l 0.5 m cg /m l

The physical, chemical and biological characteristics of mycospocidin were reproduced from ref. 4, except
the anti-NDV activity which was determined at the same time in our assay system.
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