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Nucleoside antibiotic-producing organisms, extraction methods, 

biological ac t iv i t ies ,  W absorption maxima and chemical structures 

of the nucleoside antibiotics are briefly reviewed i n  three s u m y  

tables. These tables can be conveniently referred to ,  when screening 

new metabolites, t o  determine chemical structures and t o  study 

structure-activity relationships of nucleoside antibiotics. 

Nucleoside antibiotics are described i n  order of the aglycone 

nuclei, namely purine (I-XVIII) , pyrrolo (2,3-d)pyrimidine (XIX-XXI) , 
pyrazolo (4,34)pyrimidine (XXII-XXIV) , pyrimidine (XU-LVI, LIX, LX) , 

s-triazine (LVII) , s-dihydrotriazine (LVIII) , imidazole (LXI) , 

pyrazole (LXII), maleimide (LXIII) and 1,3-oxazine (LXIV) i n  the 

tables. References of each nucleoside antibiotic are numbered i n  

Table I. 

1. Nucleoside Antibiotic-Producing Organisms, Extraction Methods 

and Biological Activities (Table I) 

2. W Absorption Maxima (Table 11) 

3. Chemical Structures (Table 111) 

4. Application of the Sumary Tables 

4 . 1  Production of Minimycin by Str .  mediocidicus 

4.2 A New Nucleoside Antibiotic, Platenocidin 



A comprehensive review of nucleoside antibiotics published i n  1970 described 

some 35 nucleosides including 7 biologically inactive substances.' More than 

29 nucleoside antibiotics have been reported since 1970. Taxonomic studies 

of producing organisms, extraction methods, antimicrobial spectra and W 

spectra of antibiotics are useful for  classification or identification of 

antibiotics, especially i n  early periods of extraction and purification, t o  

avoid f ru i t less  efforts. The structural diversity i n  the aglycone base and 

sugar m i e t i e s  of nucleoside antibiotics is not independent of the diversity 

i n  the i r  biological ac t iv i t ies .  The diversity of biological ac t iv i t ies  of 

nucleoside antibiotics is also related t o  the diversity i n  the i r  mdes of 

actions. Thus, classification and identification of nucleoside antibiotics 

are more complicated than other groups of antibiotics. 

1. Nucleoside Antibiotic-Producing Organisms, Extraction Methods and 

Biological Activities (see Table I) 

Most of the nucleoside antibiotics are pmduced by microbes except for 

spongosine (XIV)  , crotonoside (XVII) , spongouridine ( X X V )  and spongotmidine 

(XXVI) . In  particular, 55 out of 64 nucleoside antibiotics are produced by 

Streptomyces and many of the nucleoside antibiotics produced by Streptomyces 

contain the curious aglycone or  sugar m i e t i e s .  

Most of the  nucleoside antibiotics are hydrophilic in nature and generally 

adsorbed on active carbon or  cation or  anion exchange resin from the broth 

f i l t r a t e .  The antibiotics adsorbed on active carbon can be eluted with 

aqueous acetone, acidic methanol o r  alkaline methanol and active components 

adsorbed on cation or anion exchange resin can be eluted with aqueous 

m n i m  hydroxide or  hydrochloric acid. Wi le  herbicidin A and B (XII, X I I I ) ,  

puromycin (XVI) ,  toyocamycin (XX), sangivamycin (XXI), amicetin A ,  B and C 

(DXIX-xLI), oxamicetin (XLII) and bamicetin ( X L I I I )  can be extracted with 

butanol or  amyl acetate from broth f i l t r a t e s  at alkaline pH. 
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Nucleocidin (1111, gougerotin ( X X I X ) ,  blasticidin S (XXX), amicetin A, B 

and C (XXXIX-XLI), oxamicetin (XLII)  and bamicetin ( X L I I I )  have rather wide 

antimicrobial spectra compared with those of other nucleoside antibiotics. 

Those antibiotics and puromycin (XVI) are considered t o  inhibit protein 

synthesis.2 Generally, each nucleoside antibiotic has a narrow antimicrobial 

s p e c t m  and inhibits  the growth of a few species of some restr icted genera 

of microbes. Nevertheless, biological ac t iv i t ies  of nucleoside antibiotics 

are quite different from one another and abound i n  changes from antibacterial,  

antiyeast or  a n t i m a 1  t o  antitumor, antiviral ,  acaricidal or hnunosuppressive 

characteristics. Cordycepin (111, angustmycins (IV, V), tubercidin ( X I X ) ,  

toyocamycin (XX) and sangivamycin (XXI) are !mown as  inhibitors of nucleotide 

synthesis.2 Though, the -CN group of toyocamycin (XX) is converted t o  the 

-CONH. group i n  sangivamycin (XXI), the former inhibits  the growth of Candida 

and Mycobacteria and the other is effective against Piricularia but not 

against Candida and Mycobacteria. The mode of action of polyoxins (IaIV- 

LIII) i s  inhibition of c e l l  wall synthesis and the antibiotics inhibit the 

growth of phytopathogenic fungi. 4 

2. W Absorption Maxim (see Table 11) 

Nueleosi.de antibiotics show notable W absorption maxim i n  a wide region 

of 220-320 run due t o  individual aglycone moieties and the W spectra i n  

neutral, acidic and alkaline solutions are quite characteristic for  each 

antibiotic. Thus, the W spectra and paper chmmatogram followed by bio- 

autography are quite useful for  identification or structural studies of 

nucleoside antibiotics. 

3. Chemical Structures (see Table 111) 

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

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

The existence of pyrrolopyrimidine, pyrazolopyrimidine, s-triazine, 



s-dihydrotriazine, imidazole, pyrazole, deimide or 1,3+xazine nucleus as 

the aglycone base instead of purine or pyrimidine nucleus is not unusual in 

nucleoside antibiotics. The unusual C-glycosyl linkage is usual in nucleoside 

antibiotics containing pyrazolopyrimidine, pyrazole, maleimide or 1,3+xazine 

nucleus as the aglycone, while, the N-glycosyl linkage is usual when purine, 

pyrrolopyrimidine, pyrimidine, s-triazine, s-dihydrotriazine or imidazole 

nucleus is present as the aglycone except for pseudouridine (LIX) and 

1-methylpseudouridine (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 acid or alkaline 

hydrolysis. The aglycone base of formycin A (XXII) , 7-aminopyrazolo(il,3-d)- 
pyrimidine, can be obtained by periodate oxidation of the antibiotic followed 

by alkaline decomposition and decarb~xylation.~ The C-C bond of the 

C-glycosyl linkage is not cleaved by mass spectrometry and the C-nucleoside 

antibiotics like formycin A (XXII), formycin B (XXIII), pseudouridine (LIX), 

1-methylpseudouridine (IX) and showdovcin (LXIII) are characterized by a 

fragmentation pattern containiw a base peak at (de) B + 30 due to 
+ 

B-ribose + B-CH=OH, where B is the aglycone moiety.6-8 While the 

N-nucleoside antibiotics give a base peak at W e )  B + 1 or B + 2 by mass 

spectrometry. 

The anomeric protons of the C-nucleosides appear at a higher field in the 

m spectra compared to that of the N-nucleosides. The position of the 

anomeric proton of formycin A (XXII) or pseudouridine (LIX) is at 5.14 or 

4.72 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 N6-glycosyl adenine, L-septose as an uncomn seven-carbon sugar and 

isopalmltic acid as an unusual acyl moiety. 
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D-Ribose and 3-deoxy- (II), 4-fluoro- (III), 3-amino-3-deoxy- (VI-M, XVI) 

and 2-amino-2-deoxy- (XVIII) derivatives of D-ribose are widely distributed as 

the sugar moieties in the nucleoside antibiotics. Aristeromycin (XI) contains 

the carbocyclic analogue of D-ribose. D-Arabinose (X, XXV, X X V I ) ,  angustose 

(IV), D-psicose (V) and the carboxyamino sugar in polyoxins (XLIV-LV) are also 

present as f'uranoses in the antibiotics to form the N-glycosyl linkage. 

GSeptose (XV), the sugar in aspiculamycin or gougerotin (XXVIII, ]MIX), the 

sugar in blasticidin S (XXX), amicetose (XXXIX, XL, XLIII) and 3-hydroxyamicetose 

(XLII) are involved as pyranoses to form the N-glycosyl linkage. 3-Amino-3- 

deoxy-E-glucose (XXVII), ezoaminuroic acid (XXXI-XXWIII), msamine (XXXIX, 

XL, XLII) and 4,6-dideoxy-4-methylamino-D-glucose (XLIII) are also pyranoses 

as the additional sugars of the nucleoside antibiotics to form the 0-glycosyl 

linkage. 3',7'-Anhydro-5'-deoxy-5'-amino-D-t~eo-D-a110-0~taf'urawoic acid 

in ezomycins (XXXI-XXXVI) and the sugar in herbicidins (XII, XIII) are unique 

sugars in having both m o s e  and pyranose structures. 

The B-N- or D-C-glycosyl structure can be essential for the nucleoside 

antibiotics to show biological activities with the exception of septacidin 

(XV).ll Ezomycin C, (XXXVI) having the a-N-glycosyl linkage is an artifact 

from ezomycin B, ()3MIV) having the 0-N-glycosyl linkage or D, (XXXVIII) .12 

Thus, ezomycin CI (XXXV) having the a-N-glycosyl linkage m y  also be an 

artifact from ezomycin B, or Dl (XXXIII, DXVII). To the present, no other 

nucleoside antibiotic has been reported to have the a-N- or a-C-glycosyl 

linkage or to contain L-sugar similar to septacidin (XV). 

4. Application of the %mary Tables (see Table I, I1 and 111) 

Though 1-8-D-arabinof'uranosylcytosine (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, XXVI). 13 

Ara-C is effective against neoplasms in mice, rats and h m  l4 and used 



Table I. Producing Or@sms, Extraction Methods and Biological Activities of Nucleoside Antibiotics 

Antibiotic Pmducina: Or&anism Extraction Method Biological Activity 
(orimarilv active amins t )  

1 Nebularine 15-17 Asricus nebularis 
(9-B-D-Ribo~anosylpwinej S t r .  yomsultanensis 

2 Cordycepin 18' Cordyceps mi l i ta r i s  
(3'-i)eonyademsine) Aspergillus pidulan 

3 Nucleocidin 20-23 St*. c a w s  

5 Angustmycin C 
(Ps icokanine)  

6 3'-Pinino-3'deony- 28-30 Helrmnthosporium 
adenosine Cordyceps militaris 

Aspergillus nidulans 

7 3.-Acetoa~ldo-3'- 313 32 Helmlothosprim 
deonyademsine 

8 Hamcitrullyamim- 33' 34 CoWceps mi l i ta r i s  
adenosine 

9 Lysylamimadenosine 35 Cordyceps mi l i ta r i s  

l o  Spngoademsine 36-38 Str. wtibio t icus  
(AT-A, 94-LLArabino- 
furanosy1aaenir.e) 

11 ~risterwnycin 39-q1 Str. ci t r ico lor  

12 Herbicidin A 42P44 Str. sagar.onensis 

13 Herbicidin B 

14 Spongosine Li5 Crmtotechia crypta 

15 Septacidin 46' 47 Str. fimbriatus 

16 Puramycin 48, 49 S t r .  alboniger 

17 Crotonoside 50' 51 Cmton tigliwn 

18 Z'-Amin0-2'deow- 52, 53 Aerobacter 
&uamsine 

adsorbed on carbon, eluted with 70 % aqu. Mytobacteria, S a r c m  180 
W,CO a t  pH 2 

adsorbed on ca*oon, eluted with Me,CO BaCillus, Ehrlich ascites t w a r  

adsorbed on Darco G 60-celite 545 a t  pH 7, Gram +, -, IWabacteria, Endoamoeba, 
eluted with 95 $ aqu. Me&U or acidic EtOH Tryparosm 

adsorbed on carbon at pH 7.6, eluted with Ywcobacteria 
80 % aqu. Me&O a t  pH 2 

adsorbed on mwen-50-H+, eluted with NH,C1 Cryptococcus, Candida, Ehrlich ascites 
t w a r  

adsorbed on   ow en-50-mu+, eluted with mne 
0.5 N NH.OH 

extracted fmm mycelia with &OH Inhibition of pmtein synthesis of cell- 
fie entmcts of E. col i  or rat l iver  

adsorbed on kwex-50-w,+, eluted with 
3 N NH,OH 

adsorbed on carbon, eluted with 50 5 aqu. DNA virus 
Me%m 

adsorbed on carbon a t  pH 8, eluted with Xanthmms, Piricularia 
80 $ aqu. Me&O 

adsorbed on Ihlolite S-30, eluted with 50 $ Trichoplvton, Candida, Pellicularia 
aqu. Me,m 

mne 
z 

extracted firm mycelia with k!e& 3 m 
extracted frmn wcel ia  with aqu. BJOH Trichophycon, &sariurn, Adenocarcirama 

extracted with n-BuOH at pH 9-9.5 Gram +, T~ipanos-, Virus, Hem ce l l  z 
< 

extracted of p u n d  seeds with %€H none 2 rn 

adsorbed on IRC30, eluted with 0.5 N W,OH E. co l i  KY 8323, HeLa ce l l ,  Sarcoma 180 Vi 

2 
m - 
2 
U 
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23 Formycin B 280 (E, 294) 
(Laurusin) 

24 Onofomwin B 288 ( e ,  395) 

26 Spongothymidine 270 (e, 9200) 
(&a-T, l -B-uArab inmaMsyl -  
thymine) 

30 E las t i c id in  S 

32 Ezomycin A, 

33 Ezomycin 8, 

34 Ezomvcin B, 

35 Ezomycin C, 

36 Ezomycin C, 

37 Ezowcin D, 

38 Ezomycin D, 

39 Pmicetin A 

40 M c e t i n  B 2119 (a, 26.61, 321 (a, 53.5) 
(Pl icacet in)  

274 ( e ,  8000) 

276 ( e ,  11300) 

276 ( e ,  13300) 

275 ( e ,  14300) 

278 ( e ,  10500) 

278 (e, 11100) 

262 (e, 7000) 

261.5 ( e ,  6300) 

263 ( e ,  6400) 

263.5 ( e ,  6200) 

263.5 (e, 6900) 

264 ( e ,  6700) 

316 (E, 433) 

257 ( a ,  36.8), 311.5 (a, 29.2) 

268 ( e ,  5500) 

236 ( e ,  8250), 268 (e, 8600) 

228 ( e ,  89001, 269 ( e ,  9600) 

266-270 ( e ,  9450) 

271 ( e ,  7900) 

229 ( e ,  6100), 271 ( e ,  7100) 

286 ( e ,  6100) 

286 ( e ,  4900) 

287 ( e ,  4900) 

287 ( e ,  4800) 

287 ( e ,  5200) 

287 ( e ,  4900) 

322 (E, 470) 

329 (a, 63.9) 



305 ( e ,  31700) 

302 ( a ,  45.5) 

316 ( e ,  26600) 

314 (a, 43.7) 

262 (E, 142) 

262 (E, 172) 

262 (E, 297) 

262 (E, 170) 

262.5 (E, 165) 

262 (E, 127) 

264 ( l o g e ,  3.91) 

218 (E, 2171, 276 (E, 127) 

218 (E, 200) 

218 (E, 2001, 276 (E, 200) 

259 ( log e ,  3.95) 

259 ( log e, 3.96) 

225 (sh, a, 0.88), 290 (a, 1.5) 

249 ( e ,  3077) 

322 ( e ,  21900) 

322 (a, 52.5) 

264 (E, 103) 

2611 (E, 130) 

264 (E, 231) 

264 (E, 134) 

2611 (E, 123) 

266 (E, 103) 

267 ( log  e ,  3.81) 

271 !E, 137) 

271 (E, 128) 

271 (E, 118) 

267 ( log e ,  3.86) 

262 ( log  e ,  3.85) 

2112 (a, 1.58), 305 (a, 1 .0 )  

223 ( e ,  24200) 



Table 111. Chemical Structures of Nucleoside Antibiotics 

(I) Nebularine 

(XI Spongoadenoslne ( X I )  Ariste~mycin 

LwkoH O i l  1 R=-OH, R'=-COOCH, 

CH.0 O 
OF 

R=-CCCCHD, R'=-OH 

(VI) 3'-Amino-3'-deoxy- 
ademsine 

R=-H 

(VII) 3'-Acetoamid0-3'-deony- 
adenosine 

R=-COCHs 

(VIII) Homocltmllylamino- 
adenosine 

R=-COCHCH.CH&HaCH,N& 
NHa 



HETEROCYCLES. Vol.8. 1977 

/CH2 
H 

CH,-NH-CO-( C H , ~  - c H  
'CH, 

OH OH 
OH NH2 (XIX) lbbet -c idn  R=-H 

( X V I I I )  Z'-Ami~-2'4eoxy- (a) ~oyocamycin, R=-CN 
guanosine (XXI) Sanglvamycin, R = I D N H n  



NHI NHI 
H 

I 
NH, o=c I 
I I o=c 

110OC-C-Cll~-S-CH,-C11,-C<0011 
1 I 
H NH 

I 
o=c HOOC 

HIN 
OH 

( m I )  Ezomycin A,, R=B-1-Cytosine (YXXII) Ezomycin A,, R=D-l4ytosine 

(XXXIII) Ezomycin B,, R=D-5-Uracil (YXXIV) Ezomycin B,, R=B-5-Uracil 

(m) Ezomycin C1 , R=a-5-Uracil ( X X V I )  Ezanycin C,, R=a-5-Uracil 

(XXXVII) Ezomycin Dl, R=5-Uracil (X\XVIII) E z ~ c i n  D,, R=5-Uracil 



I 

"FR> OH OH 
HOCH 

(XLIV) A -CH.OH WAM 

( X Z V )  B -CH,OH 4 H  

(XLVI) D -cm 4 H  

(XLVII) E -CcQH d H  

(XVIII) F -CCQH WAM 

(%IX) G -CH20H -OH 

(L) H - C H o  FOAM 

(LI) J -CHs 4 H  

(LII) K -H POAM 

(LIII) L -H -OH 

HIAM: Polyoximic acid 
moiety 

(LIX) Pseudouridine, R=-H 

(LX) 1-Mehtylpseudouridine 
R=-CHI 

I 

HOCH 



clinical ly i n  cancer chemtherapeutics. The nucleoside antibiotics are 

interesting t o  study for  s t ruc tureact iv i ty  relationships, because of the i r  

diversity i n  chemical structures a s  well a s  i n  biological ac t iv i t ies .  

Application of the sunnary tables is described a s  follows. 

4 .1  Production of Minimycin by Str .  mediocidicus 115 

Culture broth of Str .  H 86-NSY-6 identified a s  Str .  mediocidicus was shown 

t o  produce an antibiotic inhibiting E. co l i  K-12 ML 1629 which was known t o  

be resistant  t o  aminocyclitol antibiotics. The antibiotic was adsorbed on 

active carbon fromthe broth filtrate a t  pH 2. The antibiotic adsorbed on 

carbon was eluted with 80 $ aqueous acetone a t  pH 7 and the  acetone was removed 

i n  vacuo. The active component was further adsorbed on Amberlite IRA-400 (OH-- 

type) and eluted with H20 a t  pH 2.  The active eluate was lyophilized af ter  

neutralization with d i l .  NH,OH t o  recover the  crude antibiotic. The crude 

antibiotic was purified by c o l m  chromatography on Avicel (microcrystalline 

cellulose) developed with n-bOH:acetone:H,0=4 :1:1 af te r  gel  f i l t r a t ion  on 

Sephadex G-15 eluted with H,O and following gel f i l t r a t ion  on Sephadex LH 20 

eluted with MeOH. The pure antibiotic was recovered by recrystallization from 

n-BuOH as  white plates, deconp. p., 161.5-165.0'. 

The antibiotic inhibits  the growth of restr icted species of Gram positive 

and negative bacteria by the agar dilution method. The antibiotic shows an 

inhibition zone by the cylinder agar plate method against E. co l i  K-12 ML 

1629, while the antibiotic is inactive against the same bacteria by the agar 

dilut ion method. 

Extraction method, biological act ivi ty and W spectrum of the antibiotic 

are identical with that of minimycin (LXIV). The antibiotic was confirmed 

t o  be minimycin by comparing the  bioautograms and I R  spectra of the antibiotic 

and minimycin. Str .  hyg.wscopicus and Str .  tanesashinensis are known t o  



produce minimycin (see Table I) .  Thus, t h i s  is the first report on the 

production of minimycin by St r .  mediocidicus. 

4.2 A New Nucleoside Antibiotic, Platenocidin 116 

Culture broth of S t r .  H 273-NSY-2, identified as  S t r .  platensis was 

shown t o  produce an ant ibiot ic  effective only against Candida but not against 

other yeasts, fungi o r  bacteria. The ant ibiot ic  can be neither extracted 

with n-mOH nor adsorbed on active carbon from the broth f i l t r a t e .  The 

ant ibiot ic  can be adsorbed on Amberlite I R  120 (H+-form) and eluted with 1 N 

NH,OH followed by lyophilization t o  yield the crude ant ibiot ic .  A small 

amount of t he  crude ant ibiot ic  was purified by paper chmmatography followed 

by elut ion and lyophilization. The purified ant ibiot ic  showed a W spectra 

quite similar t o  that of polyoxin A, B, C and G (XLIV, XLV, LIV, XLM). 

Nevertheless, polyoxins a re  inactive against Candida. While S t r .  platensis 

is  bown t o  produce the nucleoside ant ibiot ics ,  namely U-44590 (L'IIII), 

pseudouridine (LIX) and 1-methylpseudouridine (TX) (see Table I), physico- 

chemical and biological properties of the ant ibiot ic  produced by S t r .  H 273- 

NSY-2 are  differentiated from those ant ibiot ics .  Thus, the ant ibiot ic  

produced by St r .  H 273-NSY-2 can be considered t o  be a new nucleoside 

ant ibiot ic  and is named platenocidin, relat ing it t o  the antibiotic-producing 

microbe. 

Platenocidin is amphoteric i n  nature and purified by Dm-Sephadex A-25 

column chmmatography eluted with 0.1 M of pyridine-acetate buffer (pH 4.8), 

gel f i l t r a t i on  on Sephaclex G-10 column eluted with 0.05 M of the same buffer, 

SP-SepMex column chromatography eluted with 0.02 M of the same buffer and 

f inal ly Dm-Sephadex A-25 c o l m  chromatograohy eluted with 0.05 M of the 

same buffer. The pure ant ibiot ic  was obtained a s  white amorphous powder, 

decomp. p., 117-120'. Elementary microanalysis gave C,  43.03; H, 4.73; 

N, 15.62 % and no halogen o r  sulfur was observed. 



W; n - (E : k), 255 m (216) i n  H,O, 260 mi (257) i n  0.1 N HC1 and 257 

nm (230) i n  0.1 N NaOH. The W spectra of platenocidin are quite similar t o  

those of polyoxin A (XLIV) except for  higher extinction, but the papergam of 

platenocidin dose not accord with that of polyoxins. Though the structure 

has not yet been a l l y  elucidated, nikkosirlcin (LVI) can be considered t o  be 

closely related t o  polyoxins. Nevertheless, the W maxizm of nikkomycin can 

be diffebentiated fmm that of platenocidin. 

The existence of 5-hydroxymethyluracil in platenocimn is suggested from 

the  W spectra and 5-hydroxymethyluracil is  obtained by mild acid hydTolysis 

of platenocidin. Thus, platenocidin can be considered t o  be a new nucleoside 

antibiotic having 5-hydroxymethyluracil a s  the aglycone and the N-glycosyl 

linkage. The structure of platenocidin is now under investigation and 

propess  i n  its elucidation w i l l  be reported i n  the  future. 
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