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Aminoglycosides represent  a group of  antibiotica of major 

importance, Recently,  an ever increasing number of these 

antimicrobial agents /e.p,. streptomycin, neomycin, kana- 

mycina,  paromomycin,  Gentamicins, tobramycin, sisomicin, 

etc./ and their oeinisynthctic derivatives  /e.g.  aiuikacin, 

dibekacin,  etc./ obtained by chemical modification have been 

introduced into human therapy.   In audition,  this type  of 

antibiotics have found application in agriculture, too. 

Diocoveriee of new aminoglycosides either by conventional 

soil screening,  by chemical modification of known amino- 

glycosides or by mutational biosynthesis  /hybrimycins/ are 

needed to circumvent   inherent  toxicity probiere  and oontrol 

the  infections caused by cultures resistant  to streptomycin, 

kanamycin,  etc. 

A detailed review by Price, Godfrey  and Knwaguchi shows the 

structure-activity relationships of  aminoglycosides containing 

2-deoxyatreptamine„  The  review  of Takaehi Kara gives  also 

a good summary of recent   advances in  this  field. 

The sale of aminoglycosides over the world  in 1977 is re- 

presented by the sum of 350 million #« 

The gentamicin complex produced by various Micromonospora. 

species was first described by /Weinstein, Luedemann, Oden 

and flagman in 1963. The main components  of the  gentamicin 
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complex are gentamicins C1§ C? and C-    used widely in oli- 

nioal practice« The gontcmicin 0  complex ia bactericidal 

and has greater ami bacterial activity than streptomycin, 

neomycin or kanamycins« It is effective against many s traina 

of Gram-negative baoteria including species of Escherichia, 

Enterobacter, Klebsiella, Salmonella, Serratia, Shigella,' 

some Proteus and against Pseudomonas aeruginosa« Minimum 

inhibitory concentrations have been reported to range from 

0*06 to 8 meg per ml« 

Among the Gram-positive organisms Staphylococcus aureus is 

highly sensitive to gent amie in with minimum inhibitory con- 

centration«, being reported within the range of 0*125 to 

1 mog per ml. Other Graa-positive oocci are less sensitive, 

but Bacillus    Clostridium end Cr -ynebac-erium ßpp« may be 

inhibited by normal concentrations, Gentamicin sulfate is 

used to treat septicaemia and other severo systemic in- 

fections due to sensitive Gran-rogative organisms» In the 

treatment of urinary-tract infections with gent amie in, al- 

kalis should be given to raise the urinary pH above 7« The 

usual dose of gentamlcin given intramuscularly is 400 to 

800 mog per kg body weight  in every 8 hours«  Gentamicin has 

been given intravenously in the same doses that are used 

Intramuscularly« Tho  course of treatment should generally 

be limited to 7 days«  Gentamicin ìB poorly absorbed from 

the gastro-intestinal tract« If symptomy of ototoxicity 

ocour, gentamicin should be v.ithdrawn immediately« It 
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should be given with care  and in reduced dosage to patients 

with impaired renal function» 

Gentamicin C complex is  beinr, produced in Hungary since 

1974. The producing strain Ì3 Micromonospora purpurea var. 

nigroBcens nova varietés,  iaolated from soil in 1970, marked 

as X-148. This Actinomyces strain has been assigned accession 

number MNG 00112  in the  Hungarian National Culture Collection. 

Table  1 below aeto forth the  compariaon of strain X-140 with 

those of M.  purpurea /NitRL-^953/  and M.  purpurea var. 

violacea 55-50?9 /accession number: Coll. Microbo Bulg., 

DKILS,  55/3  III.  1971/. 
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Tnble  1 

.Uiaraetcristic Mo purpurea 
/N;MJ.-2953/ 

X-148 
/i^n 00112/ 

IVI, purpurea var. 
violacea 55-f)8r?9 

1 

;.acro- 
•lorpholopy 

' icro- 
norpholog,y 

Gelatin 
Jucrose 
starch 
dellulose 
frlucoae-anpa- 
rar.ine  agar 

Mo aerial  myco lim, 
colonies  are   raised, 
spiral,  abundant 
growth, waxy.  Surface 
color:  terracotta to 
brownish.   Reverse: 
runsot  to  deep brown» 
No noluble   pigment. 

Ho  aerial mycelium, 
raised  colonies but 
'3ink  into the medi- 
um,  waxy,  olightly 
dry surface, very 
pour  growth»Colort 
blackish deep 
purple • No soluble 
pigment. 

Ilyphae  are   lon^ and 
branching,   regular, 
not shaped,   diameter: 
U,5 /u.  .ipores are 
formed at   the end  of 
single  Hporophoree, 
either round- or 
e 111 80 id al- n 1 lap o d, 
diamoter:   lo0 u0 

Weak liquefaction 
Inverted 
Hydrolysed 
Slightly decomposing 
Good growth,  from 
bright poach to me- 

Hyphae   are lonp 
and  extensively 
branching,  di ime ter 
Ü.6-U7 u. Co ;j.dia 
are  rare and round- 
shaped and smooth. 
Diameter: 1.0-1.3 ji, 
n<   soorophores. 

Ho   aerial mycelium, 
aboundant fçrowth. 
irregularly shaned, 
smooth colonies, 
i.iicroocopically the 
surface  is wrinkled, 
waxy, the radial 
ditches form stringt 
which pet smoothed 
in time. Colonies: 
violet • 

On the young hyphae L 
¡unicellular spores 
arc  formed which ar« 
oval-shaped,  di mie- 
ter:   1.0 u. On 
liquid medium hyphae 
are  fine and  comple- 
tely basophyl in 
3tar like position. 

Liquéfaction 
í.: 1 i ;T,h t ly in ve r t e d 
Hydrolyzed 
Slightly decomposing 
Very  poor growth, 
bluckiah purple color. 

Liquefaction 
Inverted 
llydrolyz-ed 

dium red oranpe color. 
Tyrosine   ar,ar    Rood growth, no soluble  A very slow growth      Cream color, 

pigment only at 37°C,  little darker in the 
tan  color, 
pigmento 

soluble middle » 
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Tab .e 2 

Carbohydrate utilization 

Carbohydrate M, purpurea 
/NRRL-2953/ 

X-148 
/MNG 00112/ 

M. purpurea var« 
violacea 55-5829 

D-ßlucose + + + 
D-^alactoee + - + 
w."ucroae + + + 
Paltone 0 + + 
LiCtoHe - - + 
P. af linose - - + 
Sorbose 0 * 0 
Ccljotoose 0 4 0 

Trehalose 0 (N 0 
Mellbiose 0 - 0 
Me le citóse 0 M 0 

Glycerol 0 - - 

Sorbitol - - - 

Starch, soluble + + + 

D-xylose + + + 

IMr^binose + + - 

L-rhamnose - + - 

Galactitol 0 - + 

D-marmitol - - - 

Inositol - - - 

Saliein 0 - 0 

af-methyl-D-glucoeide 0 - p 
Fructose - 0 - 

Murmose + 0 0 

Cellulose - + 0 

Dextrin 0 0 + 
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Haoed on the  considerably aiffcrinp; ahpract eristica  the 

a traili X-l-Uî car. \v.>. pr'xioeiy  dir.tinguinhed  from the 

following  Kpocien of variccit«   of .'.lioronionoßpora m trains 

producing, /;,i¿nt amie ino or pent an j.c in-type   antibiotics: 

I.iicroraûno.;porf, purpurea ÌS-Jib--M'y* 

V.icroTîionoapora purpurea var0 violacea 55-5829 

Micromonoopora ochinospora K.-:!Uj-29fl5 

ivicromononpora ecninoapora var.   ferruginea NHKL-2995 

Micromononpora echinoapo.ra var.  pallida NiifìL-2996 

Micromono a pora ¿;rio€o, j\l:ü:L-3ß00 

Mierotnonoapora rhodoranr.ea ÍWÍ<L-5326 

Micromonoapora inyoennia  'MRL-;?92 

On the bauie  of the above,   the new strain X-148 was desig- 

nated as I. icromorioapora purpu  ea var, nigres. ene nov. var. 

Description  of  tho applied  iC-14£< at rain according to 

V/aksman's  system in j/.iven  bo low: 

i.'orphology: 

Very alow growth. Colonies resemble to bacterial ones, v/ith 

slightly dry surface and  unbroken edp.es,   aa  a rule,  alightly 

raised from tVir¡ nutrient  ar,ar but   at the  came   time cink into 

it, Owing to non-diffuoinp. offrent  they "nave   a blackish- 

purple  color,  j'ieria]  mycelium  in not forned.  Microscopically, 

hyphae  are   long and extensively branched, diameter:  O.b- 

0,7 u. Conidia (spores) rarely discerniólo on  the hyphae,  are 

round-ahnp<.d ana smooth,  diameters   1.0-1.3 /*•  Wo aporophorea. 
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Biochemical«  physical properties: 

Nur tient  agar; no growth 

Glue ose -s3par agine   agar :   colonies  are  grown very poorly, 

surface  is dry, slightly  miced,  stick iî.to the  agar, with 

unbroken edges, blackish-purple color. 

Tyrosine agar: no growth at c6°C, very slow growth at  37 C, 
i 

colonies are   cright   purple,  slight  tan color    pigment  diffu- 

sing into the  atar. 

Corn-meal agar:  slow growth,  similar]y to that observed on 

glue ose-asparagine   agar. 

Blood agar:  color of colonies:   grayish-pink, no haemolysis. 

Löffler*s ne rum-medium:   colonics  are  me at-colored,  otrong 

proteolysis  is observable. 

Cellulose:  poor ¿growth, 

NaCl-tolcvance:   3.b ,ú /on gli '.oae-yeant-exti ict  agar/«, 

Gelatin:   liquefaction. 

I,  Preservation of the  Gentamicin producing Llicromonoopora 

strain 

1./ For the- preservation  of the strain bouillon agar slant 

pH 7.2,  adjusted with O.'J.   .' peptone  and  0.5 ,'•= NaCl is used. 

Slant   cultures are   incubated  at  37°C   for one day /in the 

case  cf inoculation from shake  flask culture/  and 3-5  days 

/in the   case of inoculation from a single  colony/, respectively, 

then stored at 4° -  10°Ca Under these conditions the  pro- 

ducing  capacity of the   strain   is generally preserved« 



2,/ The  strain sporuln.1 ed vary  poorly on the  different 

media tested   by ne 0   Ita  oroducinr  capacity cvn be   preserved, 

hov/ever,   for  a period of one year by means  of  lyophilizing 

a vegetative  seed culture» 

3o/ At  -15°C   the Gtrntn can be  preserved at  lonst  for  3 

months.  For thio purpose the  following medium io  inoculated 

with agar Blant culture: 

0,3 ¡o beef extract 
0,1 io peptone 
0,1 ,o sucrose 
2.4 % starch, soluble 
0,4 % CaCO^ 

with tap water, pH 7.0 before  sterilization. The medium is 

sterilized at  121°C   for 20 min. 

A 200 ml volume in  ohnken in a 500 ml 1¿ ríanme yer flask for 

2-3 days  at  37°C, followed by E. dit ion of 3 %   ¿ycerol and 

freezing in mixture  of acetone-CO-,. 

II« Preservation and chocking of the producing capacity 

1,/ The most  successful way for préservation of the  productivity 

is  as follows: 

The deep-freezed vegetative culture   is plated onto bouillon- 

agar,  pH 7.2.  After incubation  for 4  days  at  37°C,  inocula- 

tion onto op.ar olanto of the s aim-  composition by means  of 

individual colonies  is carried out.  After a further 4 days 

incubation at   37°C,  the culture   is  inoculated  into 300 ml 

Krlenmeyer flasks with 100 ml working volume,  usine; three 

parallels, having the following componjtion: 
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3.0 /o soya meal 
1.5  "/o starch 
0,4 Yo CaCCU 

2 meg/ml CoCl2.6H20 

with tap water, pH 7.0-7o5 before sterilization. Sterilization 

is performed at 121°C  for 20 rain. 

Incubation is at  37°C on a rotary shaker /3?0 r.p.ra.,  37 mm 

stroke/. Prom the  3-days-old cultures storile samples  are taken 

and kopt   at 4-10°C  for a further 4 days.  In the meantime, 

productivity of cultures  are checked and,  fom the correspond- 

ingly Btored culture having the highest producing capacity, 

inoculation is performed onto bouillon 3lant,  pH 7.2.  After 

incubation at 37°C  for one day Beed cultures are  inoculated 

again from the slant  for freezing purposes using the method 

described under 1/3 o 

2./ Checking of the production  io carried out  on the following 

medium: 

In 500 ml Erlenmeyer flasks of 100 ml working wo lume 

3.0 ,'o soya meal 
1.5 /ó potato starch 
0,4 /o CaC03 

2 mcg/ml OoCl2.6H20 

dissolved in tap water, pH 7.0-7.5, sterilization at 121°C for 

20 min. 

Media are inoculated with 1 ml of suspension made from agar 

slant  or deep freezed vegetative culture,  reapoctively, and 

shaken at 28°C on a rotary shaker /320 r.p.m.,   37 mm stroke/. 
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Production,  sterility and morphology are  first   checked at  the 

age of  72  h and as a rule   for a further three   days« 

3./ Por a 72-hour-old culture,  dense mycelium of thin slightly 

wavy hyphae   is characteristic.  In the 72th-96th hours 

slight   sporulation starts,  which gets increased by age. 

No considerable  fragmentation  is observable. 

4./ pH of the culture from the initial 7.0 decreases by 

0.5-1 unit,   then is generally  increased to  8.0-8.2 at the 

144th h. 

5./ Average   production development: 

Inoculated with apar slant culture : 

72 h 200-300 ncg/ml 
96 " 300-400      " 

"•20 " 4ÛO-50O      " 

144 " '300-600 

Inoculated with  deep free «ed vegetative culture: 

72 h 200-250 mcß/ral 

9b " 250-350      " 

120 " 350-450      " 

144 " 450-500      " 

6./ Average component composition of the complex, determi- 

ned from a gentamicin C complex, prepared from a 144 houra 

fermentation broth: /crude  substance/ 

Cla ^   : 

G2 4 5 ,J 

0 T 36 io 

1 
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III. Preparation of seed culture 

1./ Por preparation of seed culture deep freezed vegetative 

inoculum not older than three months is used. Composition 

of the medium: 

0.3 %  beef extract 

0,1 ;,'» peptone 
0.1  ,'o sucrose 

2.4 ,o starch,  soluble 
0,5 A> yeast  extract 
0.4 ,1 0a003 

tap water, pH 7.0, 

200 ml medium is prepared  in 500 ml Erlenmeyer flasks, 

sterilization at  1?1°C  for 20 min. 

2./ Three  flasks  containing 200 ml medium are  inoculated 

with 1-1 ml seed and shaken   ?or 48-72 h at 3r°C. After 

microscopical checking 500 ml  inoculum is used to inocu- 

late 5 1 medium. 

3./ Microscopic characteristics of a 72-hour-old culturet 

colonies consist of thin,  slightly wavy mycelia, not 

forming a continuous network. Slight spore  formation, 

no fragmentation, 

IV. Fermentation process 

The culture thus obtained was UBed to inoculate 2000 liters 

of the sterilized medium in a 3 cubic meter fermentation 

tank having the  following composition /grams/liter/ 
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Potato starch IO g 

sucrose 5 " 

yeast extract 5 ml /IO \¿ 3 0 lut ion/ 
casein hydrolyaate 20 "    /20 ,,      u        / 
peptone 2  g 

corn steep liquor 1  "    /50   ¿ dry weight/ 
CaCO- /,  » 

palm oil 2  ml 

tap water 

pH 7,0 before  sterilization. The  inoculated medium is 

aerated  at  a rate of 1/1 v/v and stirred 130 r.p.m. at 

35 C  for 50-bO h» The resulting culture  is then  used to 

inoculate the  30 cubic meter producing tank ferraentor 

having 20 cubic meter of the following composition 

/grams/liter/ 

soya meal 30 g 

potato starch 15 " 

glycerol 15 ml 
CaC03 5 g 

CoCl2#6H20 2  mg 

palm oil 2  g 

tap water 

pH 7o0 before sterilization.  Sterilization is carried out 

while stirring at  121°C for 1 h0 fermentation is  carried 

out in acid-fast  steel tanks,  Rate  of stirring is I30 r.p.m, 

and aerated at  1/1 v/v. 

Antibiotic production starts  in the 35-40th h and highest 

value  is  reached by 100-110 h. 
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Total antibiotic activity of the  broth referred to genta- 

micin-C standard is 8r)0   U/ml /  1 U   is equal to 1 meg 

Gentamicin standard; C-j :   )2 •>, Cp:   43 :'», G^:   20 .«/, de- 

termined on Staphylococcus epidermidis test  organism by 

large plate   af,ar diffusion method.   The  total  amount of 

antibiotics   produced  i a   1000-1050  mcg/ml from which 75 ¿ 

is  r,entamicin-C. The composition of gent amie in-C  fraction: 

Permentatione   carried out were batch fermentations, we 

have not any   experience   regarding  semi-continuous  ferment- 

ation, llconoroical requirements, of  course,  improve by 

raisin/? the   volume of   the  fermentors.  »Ve could attain 

economical production  already in   30 cubic meter volume, 

though a 100   cubic meter volume would  be economically 

moro  adva taßeoug» Regarding   automation,  it    s worth at 

least to automatise temperature,   pH and  addition of 

anti-foam    agenta. 

The  raw materiale of tho  fermentation process listed  above 

bein.»   agro-industrial  products are  practically locally 

available.   Aa   for sources of supply ^or the  equipment: 

for fermentation of r.entamicin no   special requirements 

are needed,   they might   be purchased  anywhere. 

The  anticipated losses   due to contamination in case of 

trained work are around   5 /»<> 
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Isolation of crude  Gentamicin complex 

To 1 cubic meter of  the fermentation broth /850 mcg/ml/ 

produced  by the above  process,   "3 ÎI sulfuric acid was 

added at   20°C to adjust the pH to 2.0. The  broth was 

filtered  and the mycelial cake washed by  0,1 volume of 

tap water giving 920  1 filtrate. To this   filtrate, 2.7 kg 

oxalic  acid was  added,  furthermore, tho  pH wno  ad,iuoted 

to 7.5  by sodium hydroxyde solution. After 10 min heating 

at 80-9O°C  the broth was filtered and the  mycelial cake 

waahed with 50 1 tnp water. The  980 1 /825 mcg/ml/ solu- 

tion obtained was  pasBed through a 3-column-resin-systera 

at room temperature ,  each column /0x60 cm/  containing 

3-3 1 carboxyl-type   cation exchange resin /Wofatit CP- 

300/ in Na form. Flow rate SO 1/h.  During the  absorption 

process the first column waB  practically saturated i.e. 

an effluent containing 800 mcg/ml activity was obtained. 

About   15   ,'o of the  total antibiotic activity was absorbed 

on tho  second column. The effluent  of this column con- 

tained only 5-10 mcg/ml at  the end of the  absorption 

process.   In case of continuous  processing,  this column 

was employed further for absorption of active  broth. 

Th<3 first  column was washed with 2rj 1 distilled water 

then antibiotics were < lutod with 4 N sulfuric  acid 

at a flow  rate of ö.r;  1/h. The   effluent   fractions con? 

i 

J 



tain in £  more  than   ^OVA) ;ne/-,/ml wore  pooled,   yiel.dinp 

4S00 ml  solution  of  IJC.OOO MO^/XI  activity» 

/3y batcli process,   fron the   second  and   third  columa 

3500 ml  40.Ü00 mc *,/>,!  an.;l  ;:K;j :r,l ]:;>.00G mcç/ral eluates 

were  obtained by  a similar way./ 

The  pH  of  the  dari:  brown,   acie'ic   eluate   obtninfei   from 

the  firr.t column v/aa  adjusted  to 4.r> by otirring with 

t rie thy 1  amine  then methanol waa p.iven /about  2:300 ml/ 

to the   solution until tve turbidity was  just  di3appearing» 

To the   solution  av.: ti vat ed charcoal wan  added  and  after 

30 min   stirring,   io  wan filtered. The  carbon was washed 

by distilled water resultinr   •••90Ü ml solution with 

83.000  ¡iicrynl activity. This   :;clution v/aa  pu.red while 

continuous  stirring  into 33  1  methanol. The   precipitated 

crude   pen cani ein war?   fi.ltereu,  washed twice  with methanol 

and dri-'^i  in vacuo  at   :'o-Aü <..'•   By  this way 4(3?  gram.?  of 

antibiotic  complex //ere obtained as sulfate  salt,   asuayin?, 
on 

at  S36  mcc./iii^,   ash  content:   ?. m0   *, rotation:   /ûf/^"   - 

+104° /   1.0 > in water/0 

By natch process,   the  sulfuric   acid eluates  obtained 

frort the   second   anu  third coluros by a similar way yield 

a further ll 8 n  of crude sulfate salt having 536 meg/mg 

activity« Total  yield:   1130 £  crude Gentamicin sulfate. 
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Ieolatlon of componente 

The crude gentamiein complex /500 g which corresponds to 

670 g of crude sulfate salt  above/ was chromâtographed 

at  first on Amberlite CG-50 Type-I resin developed with 
<aqu# 

increasing concentration of ammonia. The pattern of chro« 

matography is shown in Fig«  lo The antibiotic complex 

was separated into seven mixtures indicated on Table 3» 

Table3-   Chromatographic separation or crude gentamicin 

Fractions Antibiotic    1 
mixture«      i 

Main coniponcnt(s) Weight 
(!) 

6- 30 i      ! Compound l-l 24.2 

31 - 91 :     i.     | 
i                       • 

Gentamicin A, antibiotic U-418, 
compound 11-2 

49.8 

92-123 III garaminc, gentamicin Ai 17.1 

124-17$ IV         I gentamicin B, Hi 18.6 

176-198 I           v sisomicin 17.3 

199-260 !    v, gentamicin Ci, C2, Ci, i        345.5 

261-298 1          VII Beniamine C: |          16.2 

Fig. I.   Chromatographic separation of gentamicin components.   Weights and Rf values of components. 
•(TLC, system B) 
Resin:   Amberlite CG-50 I (100-200 mesh) 
Column:   12/ 120 cm 
Sample :   500 g crude gentamicin 
Elution:   30-30liters of 0.0$, 0.10, 0.12, 0.14, 0.lf>, 0.18, 0.20, 0.25, 0.30 and 0.50N ammonium 

hydroxide 
Fractions:   1,000 ml 

300 fraction! 
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Chromatocraphic analyisis by systems A,B  and C of the 

I~VII mixtures  indicate    their complex nature. There  are 

more or less overlaping between mixtures and each of 

them contains  4*12 components. The bio auto graphic  detection 

showed that all of the components, except components 

1-1 and  III-2,  have bioactivity against  B,  subtilis. 

Application of the  stepwise gradient elution method re- 

sulted in a good resolution of substances having diffe- 

rent  structural features but similar polarity. The proper 

combination of various  ion-exchange chromatographic pro- 

cedures enabled the  separation of 35 pure components of 

the gentamiein complex0 

T»bh 4• Phytic«! tnd chemical protriti*» of gentamicin minor components 

Struc- 
ture 

Compound 
number Mentirei 

1 

1 orimi In       ' MW 
Mi. 
<t4„. 
walci 1 

iRlrcl. B, 
System 

' A 

TIC 

RI           RI 
System j System 

B            C 

1 1 1 New compound      i f'l„H,r.N.(), 444 144 1.60 0.9.1 0 16 
2 12 Gentamicin A (. ,-H»»N,0,,    : 455 118 0 25 0.08 0.47 
S G-418 CrtllinNtDio 4% i 168 0.71 0.27 0.60 
4 New compound („llv.N.Om   ' 482 140 0.52 0.15 0.73 
5 Gentamicin Xi t „lUN.O,,, 482 ' 158 0  S6 0.16 0.66 
6 Cicntamicin A CMIIMN.O,,,   ' 468 146 0.36 0 08 0.84 
7 III 1 New compound ( r.lli.N.O,,    ! 482 156 0.46 0.18 0.67 
• III 2 Gommine Ci,ll;tN,0„ .121 ' 137 0 91 0 31 0.74 
9 III 3 Gentamicin A, C'„lli,N,(),0 468 > 167 0 37 0.09 0.82 

10 IV 1 Gentamicin B <.'I.H,.N.OIO   ¡ 482 155 0 41 0 15 0.79 

» IV 2 Gentamicin B, l'.,l l,aN(()l0    : 496 161 i no 0 23 0.62 
12 IV J JI-20A C'jHuNiC,    ! 481 0.39 0.14 0.76 
13 IV 4 JI-20H I'i.lliiNiO,    ! 

495 150' 0 94 0.25 0.46 
M V 1 Sisomicin C,,H.N,0,    ! 447 188 0 86 0 60 0.24 
19 V 2 New compound ( '..HwN.O, 449 156 0.73 0.56 0.19 
Ib V, Gentamicin Ai (:,ll«N.(),o 468 166 0 29 0.06 0.84 
17 VIII New compound t'.oHuNsO,     j 46* 142 113 0.6't 0.13 
II VII 2 Gcntamine C, C,.H„,N40, 318 88 1.35 0 73 0.19 
19 VIM New compound     ' í'i.MnNtOT 44') 148' 0.92 0.55 0.17 
20 VII 4 Oentamtne V- C.IHKNIOI    ' 304 92 1.12 0 59 (\27 
21 Vll-5 New compound CMH9,NtO,    ; 435 • 144' 0.71 0 48 0.20 
aa VII-6 OmUinlne d.      \ CHHNIOI    j 290 i»7" 0 82 0 42 0.21 
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f-i|f. !\   Su ucHiie-, "I compounds 

HO 

-\J NHi 

K R K K. R. R li- 
l II on NU. OH Il 011 OH 

3 C II OH Ml OH OH Cil MU n. 
•1 (Il OH Ml OH II on Ml( H, 
5 II OH Nil OH OH Cil NIK H, 
6 II OH Ntl OH H 011 Ml( II, 
7 Ul, OH NU. OH OH il NHCH. 
9 II OH Nil Oli OH ii Mit H 

1» II NU OH OH OH Cil NH( II. 
II (Il Ml on OH OH CH NIK II, 
12 II NU. Nil OH OH en. SIK II, 
1.1 (II, NU. NU OH OH (Il NHCH, 
15 (.11. NU Nil H OU ru Ml. 
16 H Ml OH (Ml OH i» NIK H 
17 C M. NHCH Nil H OH H NHCH 
1» C H. NU. Nil, H OH II NIK II 
21 M Nil Nil H OH II NHCH. 

• I   (• 

OH 

MM, 

(•91 

N 

,1«, r«s 'JM-H, '-1 

(ÎOi I.Hj   V-l,, H 

li?l , 1        NH , H 

,'2 5' M        ÛM OH 

12«) CHj   OH OM 

II«)      M OH 

(joi   CMJ m<¡    on 

•Ml    OH    CHj 

"OCrlj     12 y»    H      OH 

INI   OH   H 
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Mlxture I: The relatively apolar compound 1-1 was se- 

parated from compound 1-2 /gentamicln Ag/  on QAE-Ssphadex 

column with water oa eluent. Compound 1-1 was eluted 

firstand it was purified by repeated ion-exclusion chro- 

matography of Dowex 1-X2 resin.  Gentamicln Ag was isolated 

from the later fractions by chromatography on GM-Sephadex 

eluted with 0.05, 0.07 and 0.10 N ammonium hydroxide, 

successively. Crude gentamicln Ag was purified by pre- 

cipitation with    ether from methanolic solution. 

Mixture lit We separated the main components of this 

complicated mixture as follows: The first  step was a 

repeated chromatography on Araberlite CG-50 Type-II resin 

with gradient elution by 0.08MD.12 N ammonium hydroxide« 

Compound II-l /antibiotic G-41B/ was isolated from the 

first enriched fractions by ion-exclusion chromatography 

on Dowex 1-X2 resin. The following aotive fractions were 

pooled and separated again by chromatography on Amberlite 

XB-69 resin. The elution was carried out  by 0.08, 0.10 

and 0.12 N ammonium hydroxide,  successively. The final 

/0.12 N/ fraotlons of this chromatography contained 

compound II-4 /gentamicln A/ crystallized from ethanol- 

water» Fractions containing both compounds II-2 and II-3 

/gentamicln JC^/ were pooled and re chromât ographed on 

Amberlite CG-400 Type-II resin using ion-free water as 

eluent. Gentamicin X2 was eluted first followed by 



compound II-2. The Tirai purification of components were 

achieved on Amberlite CG-50 Type-I resin columns by elu- 

tion with 0,1 N  amaonium hydroxide» 

Mixture III;   Crude compound   III-l was   isolated  from 

the  first few  fractions of repeated Amber lite CG-50 Type-II 

chromatography  of this mixture with 0.12*<OoH N armonium 

hydroxide and was  purified by  ion-exclusion chromatog- 

raphy on Dowex 1-X2 resin. The  pooled  and evaporated 

fractions,  free  fx-om compound   III-l were  chrometographed 

acain on 0Li-3epha<lex column e luted with CIO, 0.12   and 

0.14 K armonium hydroxide,  successively.  The  early  frac- 

tions  enriched  in compound  III-?,  /tramine/ were   sub- 

jected to ion-exclusion chromatography  to obtain pure 

garantirne. The   final fractions  containing mainly compound 

III-3 /pf vtanicin An/ were  p  oled  and p rified by 

repeated chromatography on Cul-Oephadex. 

Mixture  IV:  The   fore  run  of the  ion-exclusion 

chromatography of this mixture  on Dowex  1-X2  resin con- 

tained apolar components"; /compounds IV-5  and IV-6/   and 

compounds IV-3 /antibiotic JI-20A/  and   IV-4  /antibiotic 

JI-20B/. These  fractions were   pooled and separated by 

Amberlite CG-50 Type-II rcoin chromatography using, 

0.12,  0.14   and   0-lí-  H ammonium hydroxide   as  eluent. 

The  fractions   con'r.Jning antibiotics  JI-20A  and JI-20B 
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were pooled and the mixture was separated by preparative 

TLC using system B as eluent. The main fractions of the 

ion-exclusion chromatography of mixture IV, containing 

IV-1 /gentamicin B/ and IV-2 /gentamicin B^/ were chro- 

matographed on CM-Sephades column with 0,12 and 0,15 N 

ammonium hydroxide as eluent and gentamieins B and B^ 

were separated« 

Mixture V: This mixture was chromâtographed on SP- 

Sephadex column. The successive elution with 0.12, 0.14, 

0.16 and 0.18 N ammonium hydroxide pave compounds V-3 

/gentamicin kjt V-l /sisomicin/»  and V-2 in order. 

Fractions  containing each component were pooled and 

purified by repeated chromatography on Amberlite CG-50 

Type-II columns using 0,15 N ammonium hydroxide as eluent. 

Mixtu  ì  VI:  By repeated c  romatography c    mixture VI 

/gentamicin C complex/ on Amberlite CG-50 Type-II resin, 

we isolated pure gentamicin C2 from the early fractions. 

The subsequent fractions were pooled and chromâtographed 

on CM-Sephadex column with 0.15 and    0.18 N ammonium 

hydroxide  as eluent. The 0.15 N eluate contains genta- 

»loin. Cla and C2, while th. 0.18 N eluat. contains 

practically pure gentamicin C1# Subsequently to the 

gentamicin C,~C2 fixture, which was separated by silica 

gel chromatography,  a small amount of a new component 

was eluted /compound VI-4/. It  ie very similar in all 
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respeots /molecular roiiuula, PMR and mass spectra, bio- 

aotivity/ to gentamicln C2, except the optical rotation 

/(cfl+1240/. We suppose that this material may be  identical 

to gentamicln C2  , 

The isolation of mixture VI for purpose of industrial 

produotion of gentamioin C sulfatet 

Eluate fractions 199-260 /62 1/ were pooled and evaporated 

in vacuo at 85°C until 30 % concentration /dry weight/. 

To this concent rat r/d solution charooal was added at room 

temperature, the mixture was stirred for 30 min,then 

filtered. The carbon oake was washed Y/ith water. The pH 

of the stirred, cooled filtrates was adjusted to 4.5 

with 5 N sulfuric acido The solution was decolorized 

again by carbon, stirred for 30 min, filtered and washed 

thoroughly with water» The fi? urates thus obt lined were 

poured while stirring into 10 volumes of puriss methanol. 

After a few hours standing at 5°0, the gentamicln C sul- 

fate complex was filtered and washed with methanol. It 

was subsequently dried in vacuo at 50°C until oonstant 

weight. The yield of gentamicln sulfate corresponds to 

•bout 468 g of practically pure, anhydrous product, assay 

640 mog/mg. Ash contenti  about 0,1 %, volatiles i  2,8 %. 

Rotation! Aty^5» +112° /1,0 % in water/. Components: 

0^34-36 #, 02»45-49 %t Sla-17-19 %, Over all yield 

oalculated on gentamicln C of broth is 70.5 %. 



Mixture   VII;  Thio rather complicated mixture  contain- 

ing at   least  12 components v;as  chromâtographed  fir3t  on 

Amberlite   £-:-69 resin with 0016, 0.2O,  0„30, 0.A0 and 

0,60 IT  ammonium hydroxide,  3ucc«0üivelyo The first  few 

fractions  contained  compound VII-4 /gentamine    C2/ which 

was purified by crystallization from ethanol-water. The 

following  fractions were  divided into three parts„ Kach 

submixture  was chromât ographed on CM-vàephadex columns 

and the  separated components were purified by ion-exclu- 

sion chromatography on ^Al'i-Sephadex or Dowex 1x2 

columns,»  Prom the  first subrnixture /0o20 0,30 N/  compounds 

VII-5 and VII-G /gentamine (;
la/ were   isolated. Chromatog- 

raphy of the  second   /0.40 TJ/  and third /0.60 N/   submix- 

tures resulted in compounds VII-2 /nentamine C,/   and 

VII-3,  ar^  compound  VII-1,  respectively. 
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