
SUMMARY 

A sensitive method is described for the identification of aminogJycoside anti- 
biotics, for the detection of agents exhibiting biological activity in the course of 
fermentation, isolation and purification, and for following their chemical conversion. 
In the multicomponent nebramycin complex the ratio of the factors can be 
established by the quantitative assay described. 

The separation and identification of biologically active compounds, e.g., 
antibiotics, are of increasing importance, and high-resolution thin-layer chomato- 
5phy (TLC) is a simple, quick and sekctive method. In antibiotic research, micro- 
biological detection is also of great importance, and diEerent techniques are known 
for ensuring tie diffiision of the test material into the culture medium layer con- 
taining agar and inoculated with the test organism, e.g., (a) by spraying the warm, 
liquid, inoculated medium onto the ~hromato_gl-am~~ (b) by ti&tiy pressing the a_gar 
layer (previously prepared) on alumina5 or glass plate&’ used directly for the 
chromatogram, (c) by inserting wet G&r-paper between the chromatogram and the 
agar layeFLo and (d) by forming a colhdion film from the chromatogram and placing 
it on the agar plate inoculated with the test organismll. Layers containing ghss-fibre12 
and other Iayersa-‘4 that exhibit signiikutly tow adsorption towards the investigated 
substances are also employed. 

To improve the detection of growing or filly developed microorganisms, 
specik dyes are ~sed’.~-‘~_ 

me separation of aminoglycoside antibiotics16-17, especially of the individual 
factors of an antibiotic complex, is very difkuk because they have snly slight 
structuraI difkences. The method described iu this paper for the chromato5phy 
aad bioautographic detection of difkrent aminoglycoside antibiotics and com- 
ponents of the nebramycin ~mpIe?P is suitable for the qualitative control of the 
e&&d material and also for following their chromatograpbic resohtion and 
purification. The advantage of this method is that it can be used for both qualitative 
and quantitative control of the ratio of the difkrent components during the course of 
fermentation, directiy from the fermentation broth. 



All reagents and solvent were of a.naIytical-reagent grade. 
Thin-layer plates (20 x 20 cm) were prepared from silica gel G (according 

to Stahl; Reanal, Budapest, Hun-q)). Also,.20 x 2 x 0.3 2nd 16 x 2 x 0.3 cm 
glass pl2tes were used for fnming the chromatogmms after development in Desaga 
-@ass chambers. Standard solutions for spotting were prepared by dissolving each 
substance in water (100 &ml) (with the nebramycin complex the concentration of 
the individual components Z, 4 2nd 5’ should not be less than 20%)). 

The two developing solvents employed were (A) methyl ethyl ketone (MEK) 
-96 % ethanol-25 % ammonia solution (I :I :I) 2nd (B) chloroform-methanol-25 % 
2inmonia solution (1:7:4). Both solvent systems were mixed freshly before use. 

For staining the bioauto_ms, 0.5-I 72 tctrazolium blue (TB) (2,2’,5,5’- 
tetraphenyl-3,3’-dimethoxy-4,4’-biphenyleneditetrazolium chloride) (Reanal) solution 
and 0.02% tetrazolium violet (lNT) [2-(4-iodophenyl)-3-(4-nitrophenyl)&phenyl- 
tetrazolium chloride] solution (Fluka, Buchs, Switzerland) were employed. 

The microbiological assay ~2s prepared with Bacihs subtilis ATCC 6633 2s 
test or_eism inoculated into the culture medium, containing 1 1 of bouillon (1 kg of 
minced beafheart, boiled for 2 h with 2 I of tap water 2nd subsequently filtered), 5 g of 
peptone 2nd 14 g of agar-a,- (fibrous). The pH was adjusted to 8.4 with sodium 
hyd.ro_xide solution before sterilization. 

Procedure 

Silica gel pl2tes with a 0.2~mm thick layer were prepared with 2 C&nag or 
D-g2 TLC plate coater, d&d at room tempenture for l-2 days 2nd used without 
further pre-treatment. Leaving a 2.5-cm frame, lines were drawn before use to 
ensure separate IS-cm wide tracks. 

The amount of sample to be applied was chosen according to the properties 
of the substance being investigated. For nebramycin a solution containing 0.1-0.5 ,ug 
of test substance was spctted with 2 micropipette. Occasionally a larger amount, 
l-5 pg, of the subst2nce must be spotted 2nd chromatogr2phed when the aim of the 
analysis is the detection of impurities or the proving of purity. On each plate a 
standard solution was also spotted on the track in addition to the sample. For the 
separation of the nebramycin complex 2nd of the aerent aminoglycoside antibiotics 
solvent systems A 2nd B, respectively, were applied. The plates were developed 
for a distance of 15 cm at room temperature and air-dried. 

For the microbiologiml detection the 2-s medium was melted, then cooled 
to 50°C 2nd l/lOth volume of an inoculum of the test organism was added (vi2ble 
aunt 0.9 - 107). A 25-ml volunze of this medium, inoculated with Bacdh subrih3, wss 
cautiously poured on to ghzss-fruned plates (f&d by adhesive tape) in order to 

a cover of uniform thickness on the silica gel surface. Then it was covered 
with a 20 x 20 cm glass chromatographic plate and incubated for 10-16 h at 37°C. 

Quantit2tive assay w2s performed by using a c&bration graph (for a good 
evaluation, identical volumes of solutions with ditTerent concentrations from the 
standard and test solution must be spotted). 
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RESULTS AND DISCUSSION 

Figs. 1 and 2 demonstrate that the major nebramycin components show 
readiiy discernible, completely resolved inhibition spots, even if less than 0.5 pg was 
applied. This assay can also be used directly for fermentation broths. By measuring 
samples obtained 2t the required intervals, the formation of individual components 
and their approximate ratios can be followed. For more exact assays, identical 
amounts from different concentrations of the same sample are spotted, which permits 
also the detection of minor factors. 

Fi 1. Bioautogram of a thin-layer chromatogram of nebmmycin componeds. Left to right: 
nebramycin 2,4,5*, 5,6, complex Dewdoping solvent: A_ Test o rg2km : Bad&s subtilir. Detection : 
IN-i-- 

In Fig. 3, a bioautogram prepared for the determination of apramycin and 
carbamoyl-tobramycin formed in the fermentation broth, and of tobramycin 
transformed by basic hydrolysis, is illustrated. 

For quantitative assays a calibration graph is constructed from the inhibition 
spots of standard materials_ The areas of sample spots applied to the same plate are 
measured and compared with the correspondin, * values on the calibration ,aaph. 
A graph of area of the inhibition spots against the logarithm of the concentration 
of the substances applied gives a straight line; 0.143 pg amounts are suitable for 
constructing the calibration graph. Individual calibration graphs have to be prepared 
for each component because of their difFerem specific activities. Uniform thickness of 
the silica gel and agar layers is essential. 

The method described is suitable for the determination of the components of 
the nebramycin complex, as their desorption from the thin-layer plate (silica gel G) is 
sufficient for quantitative assay. 
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Fig_2.(A)Biozutogram ofnrious amountsofr?ebramycincomponents.Experimentalconditionsas 
~Fig.I.(aXd)I*Iebram_vcin2(apram~Fin):O 2,0.3,0.4,00.5~g;(eXh)neb~~cincomplex~~iththe 
E&owing concentrations of2,4 and 5':(e)0.1,0.05,0.05.ug;(~Oo.~ 0.1,0.1~g;(g)0.3,0.2,0_2~g; 
@):0.4,0.3,0.3,ug (B) (aXd) nebramycin 5'(ca~oyl-tobramyc~)n)O.05.0.l.O_Z, 0_3pg;(eXi) 
nebramytin 4(carbamoyLkanamycin B): O.OS,O.l,0.2,0.3,0.4pg;(~neb~~~compI~(~(a~ 
;;e) nebramlrin 6(tob~~~in):0.05,0.1,0.~0~.0.3.ug;(f)-03nebrunqrin 5 (kanamyzinB):O_05, 
0.1,0.2,0.25,0.3~g;(k) nebrxn+ncomples_ 

Fi,o. 4 shows a chromatogram developed with solvent B. The method can be 
applied to the separation, detection and identification of various aminoglycoside 
antibiotics. The RF values of substances in solvent B are given in Table I. 

For the measurement of the specific activities of individual substances the 
corresponding microorganism is inoculated into the medium and poured on to the 
pIate. In addition to Badus subtilis, Sarcina lutea (Hussey) and Mycobacterium phiei 
were also appkd. 
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Fig. 3. Bioautogram of a fermentation broth in the original stzte and z&.x basic hydrolysis (semi- 
quatttitative determination). Experimental conditions as in Fig- 1. (a)-(c) Ap_mmycin in different 
costaxttration~; (d)-(f) fermentation broth, serial dilution; (g)-(i) fermentation broth, after hydrolysis, 
serial dilution; (jw) tobramycin, in different concentrations. 

Fig 4. Thin-layer chromatogram of some aminoglycaside antibiotics. DeveIoping solvent : B. Deter- 
tion: bioautography. Test organism: &icilhs subtiEs. (a) Nebramycin complex, 0.4 pg; (b) neo- 
mycin (N), 0.1 pg; (c) paromomycin (p), 0.2 ,ug; (d) kanunycin (IQ, 0.3 pg; (e) gentamycin (G), 
0.3 fig; (f) N -t P t K +- G, 0.15 f 0.1 i 0.1 -+ 0.3 pg; (g) nearnine, 0.5 pg; (h) N + nearnin~ 
0.15 t0Spg; (i) N -t P.O.1 iO.1 pg; (J‘)N -i-&O.1 jO.1 pg; (k) Pi K,O.l +-O-l pg. 

TABLE I 

RF VALUES OF AMINOGLYCOSIDE ANTIBIOTICS IN SOLVENT SYSTEM B 

COmpatd RF x 100 

Neomycin 12 

Paromomycin 23 
Kanamycin A 30 
Nebramycin (55; 4.6; 5’) 32; 42; 51 
Gentamicin (Cc,.; C1, C3 56; 63 
sisomicin 60 
Neamine 37 
Amikacin 6 

Investigations can be carried out with clone colonies of unidentified micro- 
organisms producin, (J active compounds, grown on a solid medium. A small disc of 
the singie coiony is cut out and placed on the silica gel chromatographic plate for 
S-15 min. The biologically active substances will diffuse into the silica gel and then 
the investigation can be performed following the method described. 

The visibility of the inhibition zones on the bioautogram can be improved by 
spreading a 0.51.0% TB solution on the plate after incubation for 12-16 h. Approx- 
imately 60 min rater the rim of the spots becomes pronounced. Staining the plates 
with a solution of INT gives colourIess spots on a deep red or wine-coloured back- 



groum!L The coiour becxxnes most ioteme within EiO min, and good photographs 
can be taken. 

Tne detection litits are as follows: nebramycin components 4, 5, 5’ -and 6, 
0.05 t(g; nebmny tin component 2, 0.1 ,ug; gentamicin, 0.2 pg; and 5eomyci5, 
paromcmycin a5d kammyciu, 0-i pg_ The sensitivity can be in- by applying 
thi55er silka gel Iayers and, especially, timer a-ear layexs or more sensitive mkrO- 

O~g2lliSXllS_ 

Our thanks are due to Dr. J. B&rdy for suppiying the samples_ 
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