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A BRIEF REVIEW OF NUCLEOSIDE ANTTBIOTICS
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Nucleoside antibictic-producing organisms, extraction methods,
biological activities, W absorption maxima and cﬁemical structures
of the ruclecside antibiotics are briefly reviewed in three sumary
tables, These tables can be conwvenlently referred to, when screening
new metabolites, to determine chemical structures and to study
structure-activity relationships of nucleoside antibiotics.
Nucleoside antibiotics are described in order of the aglycone
nuclei, namely purine (I-XVIII), pyrrolo(2,3~d)pyrimidine (XIX-XXI),
pyrazolo(X,3-d)pyrimidine (XXIT-XXIV), pyriﬁidine (V-LVI, LIX, LX),
s=triazine (IVII), s—dihydrotriazine (LVIIT), imidazole (IXI),
pyrazole (ILXIT), maleimide (LXIII) and 1,3-oxazine (LXIV) in the
tables. References of each nuelecside antibiotic are.numbered in
Table I.

1. Nucleoside Antibiotic-Producing Crganisms, Extraction Methods
and Bicleogical Activities (Tablé I

2. UV Absorption Maxima (Table II)

3. Chemical Structures (Table III)

I, Application of the Summary Tables

4.1 Production of Minimyein by Str. mediocidicus

4.2 A New Nucleoside Antibiotic, Platencecidin
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A comprehensive review of nuclecside antlibictics published in 1970 described
some 35 nucleogides including 7 biclogically inactive substances.1 More than
29 nucleoside antibiotics have been reported since 1970. Taxonomic studies
of producing corganisms, extraction methods, antimicrobial spectra and UV
spectra of antibiotics are useful for classification or idenfification of
antibiotics; especially in early periods of extraction and purification, to
avoid frultless efforts. The structural diversity in the aglycone base and
sugar moleties of nucleoside antibiotics is not independent of the diversity
in their biological.activities. The diversity of biological activities of
rucleoside antibiotics is alsc related to the diversity in their modes of
actions. Thus,'classification and identification of nucleoside antibiotics
are more complicated than other groups of antibioties.

1. Nucleoside Antibictic-Producing Organisms, Extraction Metheds and
Biological Activities (see Table I)

Most of the nucleoside antibiotics are produced by microbes except for
spongosine (XIV), crotonoside (XVII), spongouridine (XXV) and spongothymidine
{(XXV1). In particular, 55 out of 64 rucleoside antibiotics are produced by
Streptomyces and many of the nucleoside antibiotics produced by Streptomyces
contain the curious aglycone or sugar moietles.

Most of the nucleoside antibioties are hydrophilic in nature znd generally
adsorbed on active carbon cor cation or anion exchange resin from the broth
filtrete. The antibiotics adsorbed on active carbon can be eluted with
aqueous acetone, acidic methanel or alkaline methancl and active components
adsorbed on cation or anion exchange resin can be eluted with agueous
anmonium hydroxide or hydrochloric acid. While herbicidin.A and B (XTI, XIIT),
puromycin (XVI), toyocamycin (XX), sangivamycin (XXI), amicetin A, Band C
(XXTX-XLI), oxamicetin (XLII) and bamicetin (XLIII) can be extracted with

butancl or amyl acetate from broth filtrates at alkaline pH.
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Nucleocidin (IIT), gougerotin (XXIX), blasticidin S (XXX), amicetin 4, B
and C (XXIX-XLI), oxamicetin (¥LII) and bamicetin (XELIII) have rather wide
antimicrobial spectra compared with those of other nucleoside antiblotics.
Those antibiotics and puromycin (XVI) are considered to inhibit protein
synthesis.2 Generally, each nucleoside antibiotic has a narrow antimicrobisl
spectrum and inhibits the growth of a few species of some restricted genera
of microbes. Nevertheless, biological activities of nucleoside antibictics
are quite different from one another and abound in changes from antibacterial,
antiyeast or antifungal to antitumor, antiviral, acaricidal or immunosubpressive
characteristics. Cordycepin (II), angustmycins (IV, V), tubercidin (XIX),
toyocamycin (X) and sangivamycin (XXI) are known as innibitors of nucleotide
syn.thesis.2 Though, the -CN group of toyocamycin (XX) is converted to the
-CONH. group in sangivamycin (¥XI), the former inhibits the growth of Candida
and Myccbacteria and the other is effective against Piricularia but not
against Candida and Mycobacteria. The mode of action of polyoxins (¥LIV-
LITT) is inhibition of cell wall synthesis and the antibiotics inhibit the
growth of phytopathogenic fungi.u
2. UV Absorption Maxima (see Table II)

Nucleoside antibiotics show notable UV absorption maxima in a wide regicn
of 220-320 rm due to Individual aglycone moieties and the UV spectra in
neutral, acidic and alkaline solutions are quite characteristic for each
antibiotic, Thus, the UV spectra and paper chromatogram followed by bio-
autography are quite useful for identification or structural studies of
micleoside antibiotics.

3. Chemical Structures (see Table I17T)

Nucleoside antiblotics are composed of an aglycone base and a sugar, but

some of nucleosiﬁes contain an additional sugar or additional amino acids.

The existence of pyrrelopyrimidine, pyrazolopyrimidine, s-triazine,
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s-dihydrotriazine, imidazole, pyrazole, maleimide or 1,3-oxazine nucleus as

the aglycone base instead of purine or pyrimidine nucleus is not unusual in
nucléoside antibiotics. The uwnusual C-glycosyl linkage is usual in nucleoside
antiﬁiotics containing pyrazolopyrimidine, pyrazole, maleimide or 1,3-oxazine
nucleus as the aglycone, while, the N-glycosyl linkage is usual when purine,
pyrrolopyrimidine, pyrimidine, s—ﬁriazine, s—dihydrotriazine or imidazole
nueleus is present as the aglycone except for pseudouridine (LIX) and
1-methylpseudcuridine (LX); The C-N bond of the N-glycosyl linkage can be
easily hydrolyzed by mild acid to yield the aglycone base and the sugar, while
the C-C bond of the C-glycosyl linkage is resistant to acld or alkaline
hydrolysis. The aglycone base of formyein A (XXII), T-amilnopyrazolo(d,3-d)-
pyrimidine, can be obtained by periocdate oxidation of the antibictic followed
by alkaline decomposition and decarboxylation.B' The C-C bond of the
C-glycosyl linkage is not cleaved by mass spectrometry and the C-rucleoside
antibiotics 1ike formycin A (3IT), formycin B (XXITI}, pseudouridine (LIX),
1-methylpseudouridine (LX) and showdomycin (IXITI) are characterized by a
fragmentation pattern containing a base peak at (m/e) B + 30 due o
B-ribose ——> B—CH=8H, where B 1s the aglycone mbiety.6"8 While the
N-nucleoside antibiotics give a base peak at (m/e)} B+ 1 or B + 2 by mass
spectrometry. .

The anomeric protons of the C-nucleosides appear at a higher field in the
mr spectra compared to that of the N-nucleogides. The position of the
anoméric proton of formycin A (XXIE) or pseudouridine {(LIX) is at 5.14 cr
b.72 ppm respectively, whereas the position of the anomeric proton of
adenosine or uridine is 6.15 or 6.0 ppm respectively.8_10

Septacidine (XV) has an extraordinary structure for a nucleoside antibiotic

having N°-glycosyl adenine, L-septose as an uncommon seven-carbon sugar and

isopalmitic acid as an unusual acyl molety.
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D-Ribose and 3-deoxy- (II), 4-fluoro- (III), 3-aminc-3-decoxy- {(VI-IX, ¥VI) _
and 2-amino-2-deoxy- (¥VIII) derivatives of D-ribose are widely distributed as
the sugar moieties in the nucleoside antiblotics. Aristeromycin (XI)} contains
the carbocyclic analogue of D-ribose. D-Arabinose (X, XV, XVI), angustose
(IV), D-psicose (V) and the carboxyaminc sugar in polyoxins (XLIV-ILV) are also
present as furanoses in the antibiotics to form the N-glycosyl linkage.
L-Septose (¥V), the sugar in aspleulamycin or gougerotin (OWVIII, XXIX), the
sugar in blasticidin 5 (XX}, amicetose (0XIX, XL, XLITI) ard 3-hydroxyamicetose
(XLII) are involved as pyranoses to form the N-glycosyl linkage. 3-fmino-3-
deoxy-D-glucose (XXVII), ezoaminuroic acid (OXI-XDOVIIT), amosamine (0TI,
XL, ¥LIT) and 4,6-dideoxy-U-methylamine-D-glucose (XLIII) are also pyranoses
as the additicnal sugars of the nucleosgide antibiotics to form the C-glycosyl
linkage. 3*,7?-Anhydro-5?-deoxy-5?-amino-D-threc-D-gllo-octafuranuroic acid
in ezomyecins (OXI-200VI) and the suger in herbicidins (XII, XIII) are unique
sugars in having both furanose and pyranose structures.

The B-N- or B-C—glycosyl structure can be essential for the rucleoside
antibictics to show bioclogical activities with the exception of septacidin

aan

Ezomycin C. (X0XVI) having the a-N-glycosyl linkage is an artifact
from ezomyein B, (XXXIV) having the 8-N-glycosyl linkage or D, (XKXVITT).12
Thus, ezomycin €, (XXXV) bhaving the a-N-glycosyl linkage may als§ be an
artifact from ezomycin B, or Dy (X¥EXIII, XXXVII). To the present, no other
micleoside antibiotic has been reported to have the a-N- or a-C-glycosyl
linkage or to contain L-sugar similar to septacidin (XV).
L, Application of the Summary Tables (see Teble I, IT and III)

Though 1-p-D-arsbinofurancsyleytosine {(Ara—C) has not yet been isolated as a
natural product, the structure of Ara-C synthesized is closely related to that
of spongoadenosine, spongouridine and spongothymidine (X, XXV, X(vr).1d

Ava-C is effective against neoplasms in mice, rats and human 14 and used
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Table I. Producing Organisms, Extraction Methods and Blological Activities of Mucleoside Antibiobics
Antibictic Producing Organism Extraction Method Biclogical Activity
) (primarily sctive against)
3 Nebularine 1717 Agaricus nebularis adsorbed on carbon, eluted with 70 % aqu. Mycobacteria, Sarcoma 180
(9-B-D~Ribofurancsylpurine; Str. yokosukanensis Me,CO at pH 2
2 Cordycepin 18, 19 Cordyceps militaris adsorbed on carbon, eluted with Me.CO Bacillus, Ehrlich ascites tumeor
(3?-Deoxyadenosine) Aspergillus pidulan
3 Nucleocidin 20-23 Str. calvus adsorbed on Darco G 60-celite 545 at pH 7, Gram +, -, Mycobacteria, Endoamoeba,
eluted with 95 % aqu. Me.CO or acidic EtCH Trypanosoms
4 Angustrycin A 227 Str. hygroscopicus adsorbed on carbon at pH 7.6, eluted with Mycobacteria
(Decoynine) 80 % aqu. MexCO at pH 2
5 Angustmycin C "
{Psicofuranine)
65  3*-Amino-3—deoxy- 28-30 Helminthosporium adsorbed on Dowex-SO-H+, eluted with NH.C1 Cryptococcus, Candida, Ehrlich ascites
adenosine Cordyceps militaris tumor
Aspergillus nidulans
7 3*-Acetoamido-3- 3, 32 Helminthosporium adsorbed on Dowex—SO—N]—I..+, eluted with none
deoxyadenosine 0.5 N NH,OH
8 Homoeitrullyamino— 33, 3 Cordyceps militaris extracted from mycelia with MeQH Inhibition of protein synthesis of cell-
adencsine : free extracts of E. coli or rat liver
9 Lysylaminoadenosine 35 Cordyceps militaris adsorbed on Dowex—SO—NH..+, eluted with
3 N NH,0H
10 Spongoadenosine 36-38 Str. antibioticus adsorbed on carben, eluted with 50 % aqu. DA virus
{Ara—-&, 9-B-D-Arabinc- Me2C0
furancsyladenine)
11 Aristeromycin - Str. eitricolor adsorbed on carbon at pH 8, eluted with Xanthomonas, Piricularia
80 % aqu. MeoCO
12 Herbicidin A ha-ut Str. saganonensis adsorbed on Duolite $-30, eluted with 50 % Trichophyton, Candida, Pelllcularia
agu. Me,Co
13 Herbicidin B £l
14 Spongesine 45 Cryptotechia crypba extracted from mycelia with ¥Me,CO rone
15 Septacidin 46, 47 Str. fimbriatus extracted from mycelia with agu. BuOH Trichophyton, Fusarium, Adenoccarcinoma
16  Puromycin 48, 49 Str. alboniger extracted with n-BuCH at pH 9-9.5 Gram +, Tripancsoma, Virus, Hela cell
17 Crotonostde *%> Croton tigiium extracted of ground seeds with MeOH none ’ .
18 2’-Amino-2’-deoxy- 21 7% Aercbacter adsorbed on IRC-50, eluved with 0.5 N N&,0H E. coli KY 8323, Hela cell, Sarcoma 180

guanosine
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20
21

22

23

24
25

26

27
28
29
30
3
32
33
34
35
36
37
8
39
40

Ex i

Toyocamyein 230 (B, 400y, 277 (B, 548)

Sangivamycin 229 (e, 8200 in EtCH), 278 (e,
15100 in EtOH)

Formyein A 295 (E, 380)

Formycin B 280 (B, 294

(Laurusin)

Oxoformycin B 288 (e, 395)

Sporgouridine 265 (e, 9300)

{Ara-U, 1-8-D-Arabinofuranosyl-

uracil) )

Spongothymidine 270 (e, 9200)

(Ara-T, 1-B-D-Arabinofurancsyl-

thymine}

Hikijimyein 266 (e, 5500)

Aspiculamycin 236 (e, 8250), 263 (e, B6O0C)

Gougerotin 228 (e, B900), 269 (e, QUOO)

Blasticidin $
Ezomyein A,
Egomycin A,
Ezomyein By
Ezamycin Be
Ezomyein G,
Ezomyein C»
Ezomyein D,
Ezomyein D
Amicetin A 305 (E, 46%)

Amicetin B 289 (a, 26.6), 321 (&, 53.5)
(Plicacetin)

Amicetin C 257 (E, 288), 304 {E, 250

235
228

234

221

288
265

270

274
276
276
275
278
278
262

261,

263

263.
263.

264
316
257

255

(E,

{e,

(E,

(e,

(e,

(e,

760}, 273 (E, 563)
9500), 273 (e, 12800}

280), 295 (E, 340)
543), 276 (E, 300)

220)
9300)

6800)

8000)

11300)
13300)
14300}
10500}
11100}

7000)

5 (e, 6300)

(e,

6400}

5 (e, 6200)

5 (e, 6900}

(e,
(E3

{a,

(E,

6700)
433)
36.8), 311.5 {a, 29.2)

183, 33 (&, 32

233 (E,
227 (e,

235 (E,
230 (E,

304 (E,
236 (e,

270 (e,

268 (e,
236 (e,
228 (e,
266270
271 {e,
229 (e,
286 (e,
286 (e,
287 (e,
287 (e,
287 (e,
287 (e,
322 (E,
329 (a,

278 (E,

398), 280 (E, 571)
14100}, 277 {e, 14400)

500), 305 (B, 260)
643y, 292 (B, 338)

168}
8250), 268 (e, BEOO)

7600)

5500)

8250), 268 (e, 8600)
8900), 269 (e, 9600)
(e, 9450)

T900)

6100), 271 (e, T100)
£100)

4500}

4900)

4800)

5200)

4900}

470)

63.9)

17h), 318 (E, 217)



(€65}

42 Oxamizetin 305 {e, 31700) 06 (e, 26600) 322 {e, 21500)
43 Bamicetin 302 (a, 45.5) 314 (a, 43.7) 322 (a, 52.5)
44 Folyoxin A 262 (E, 142) 264 (E, 103)
45 Polyoxin B 262 (E, 172) 264 (E, 130)
54 Polyoxin C 262 (B, 297) 264 (8, 231)
49 Polyoxin G 262 {E, 170) 264 (E, 138)
55 Polyoxin I 262.5 (E, 165) 264 (E, 123)
50 FPolyoxin H 262 (E, 127) 266 (E, 103)
51 Polyoxin J 264 (log e, 3.91) 267 (log e, 3.B1)
46 FPolyoxin D 218 (B, 217), 275 (E, 127) 271 (E, 137)
47 Polyoxin E 218 (B, 200) 271 (E, 128)
48 Polyoxin F 218 (E, 200), 276 (E, 200) 271 (E, 118)
52 Polyoxin X 259 (log e, 3.95) 267 (log e, 3.86)
53 Polyoxin I, 259 (log e, 3.96) 262 (log e, 3.85)
56 NMikkomycin 225 {sh, a, 0.88), 290 (a, 1.5) 242 (a, 1.58), %5 (a, 1.0}
57 S-Azacytidine 241 (e, 8767} 248 (e, 3077} 223 (e, 24200)
58 U-U4550
59 Pseudouridine 262 (e, 8470} 262 (e, 8390) 286 {e, 8400)
60 1-Methylpseudouridine 209 (e, 7546), 270 (e, 9081) 209 (e, 10342), 270 (e, 8923) 267 (e, 6192)
61 Brdinin 245 (B, 250), 279 (E, 580) 245 (E, 260), 281 (E, 49%) 277 (E, 660}
62 Pyrazomycin 263 (e, 6200) 307 {e, B10OD)
63 Showdomycin 220-221 (E, 442)
64 Minimyein . 230 (E, 188)
(Oxazinomyein)
EE fm, e=Molecular extinetion, sa=Absorption, sh=Shoulder

‘8 10A 'SITDAD0OHILIH
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cliniecally in cancer chemctherapeutics. The nucleoside antibiotics are
interesting to study for structure-activity relationships, because of their
diversity in chemical structures as well as in biological activities.

Application of the summary tables is described as follows.

4.1 Production of Minimycin by Str. mediocidicus 115

Culture broth of Str., H 86-NSY-6 identified as Str. mediocidicus was shown
to produce an antibiotic inhibiting E. coli K-12 ML 1629 which was known to
be resistant to aminocyclitol antibiotics. The antibiotlic was adsorbed on
active carbon from the broth filtrate at pH 2. The antibioéic adsorbed on
earbon was eluted with 80 % agueocus acetone at pH 7 and the acetone was removed
in vacuc. The active component was further adsorbed on Amberlite IRA-400 (OH -
type) and eluted with H.0 at pH 2. The active eluate was lyophilized after
nevpralization with dil. NH.OH to recover the crude antibiotic. The crude
antibiotic was purified by column chromatography on Avieel (microcrystalline
cellulose) developed with n-BuCH!acetone!Hp0=U:1:1 after gel filtration on
Sephadex G-15 eluted with H:0 and following gel filtration on Sephadex IE 20
eluted with MeOH. The pure antiblotic was recovered by recrystallization from
n-BuCH as white plates, decomp. p., 161.5-165.0°.
wv; 2 P03 (5 1 F <18).

The antibiotic inhibits the growth of restricted species of Gram positive
and negative bacteria by the agsr dilution method. The antibiotic shows an
inhibition zone by the cylinder agar plate method against E. coli K-12 ML
1629, while the antibiotic iz inactive against the same bacteria by the agar
dilution method.

Extraction method, biological activity and UV spectrum of the antibiotic
are identical with that of minimycin (IXIV). The antibiotic was confirmed
to be minimycin by comparing the bioautograms and IR gspectra of the antibictic

and minimycin. Str. hygroscopicus and Str. tanesashinensis are lmown to
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produce minimycin (see Table I). Thus, this is the first report on the
production of minimycin by Str. mediocidicus.

4,2 A New Nucleoside Antibictic, Platenccidin 116

Culture broth of Str. H 273-NSY-2, identified as Str. platensis 1! was
shown to produce an antibiotic effective only against Candida but not against
other yeasts, fungl or bacteria. The antibiotic can be neither extracted
with n-BuOH ror adsorbed on active carbon from the broth filtrate, The
antibiotic can be adsorbed on Amberlite IR 120 (H+-form) and eluted with 1 N
NH.OH fellowed by lyophilization to yield the crude antibiotic. A small
amount of The crude antibiotic was purified by paper chromatography followed
by elution and lyophilization. The purified antibiotic showed a UV spectra
quite similar to that of polyoxin A, B, C and G (XLIV, XLV, LIV, XLIX).
Nevertheless, poiyoxins are inactive against Candida. While Str. platensis
is known to produce the muclecside antibioties, namely U-H4590 (INIIL),
pseudouridine (LIX) and l-methylpseudouridine (LX) (see Table I), physico-
chemical and biological properties of the antibiotic produced by Str. H 273-
NSY-2 are differentiated from those antibiotics. Thus, the antibictic
produced by Str. H 273-N3Y-2 can be considered to be a new nucleoside
antibiotic and is ramed platenceidin, relating it to the antiblotic-producing
microbe.

Platenocidin is amphoteric in nature and purified by DEAE-Sephadex A-25
column chromatography eluted with 0.1 M of pyridine-scetate buffer (pH 4.8),
gel filtration cn Sephadex G-10 column eluted with 0.05 M of the same buffer,
SP-Sephadex column chromatography eluted with 0.02 M of the same buffer and
finally DEAE-Sephadex A-25 column chromatogyaohy eluted with 0.05 M of the
same buffer. The pure antibiotic was obtalned as white amorphous powder,
decomp. p., 117-120°. Elementary micrcanalysis gave C, 43.03; H, 4.73;

N, 15.62 % and ro halogen or sulfur was observed.

(599}
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WA (8 I Z';m), 255 mm (216) in He0, 260 rm (257) in 0.1 N HCL and 257
mm (230) in 0.1 N NsOH. The UV spectra of plafenccidin are quite similar to
those of polyoxin & (MLIV) except for higher extinction, but the papergram of
platenoccidin dose not accord with that of polyoxins. Though the structure
hag not yet been fully elucidated, nikkomycin (LVI} can be considered to be
closely related to polyoxins. Nevertheless, the UV maxima of nildkomycin can
be differentiated from that of platenocidin.

The existence of S5-hydroxymethyluracil in platenocidin is suggested from
the UV spectra and S-hydroxymethyluracil is obtained by mild acid hydrolysis
of platenocidin. Thus, platenocidin can be considered to be a new rumecleoside
antibiotic having S-hydroxymethyluracil as the aglycone and the N-glycosyl
linkage, The structure of platenceidin is now under investigation ard

progress in its elucidation will be reported in the future.
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