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SEPARATION AND QUANTITATIVE DETERMINATION OF AMINO 

SUGAR ANTIB’IOTICS AND THEIR DEGRADATION PRODUCTS BY 

MEANS OF AN IMPROVED METHOD OF CHROMATOGRAPHY 

ON RESIN, 

(lbxcivccl June zotll, 1903) 

. . . 

Amino sugar antibiotics, such as kanamycin, neomycin, and paromomycin, are 
usually produced as a misture of closely related antibiotics, whose separation and 
differentiation have always been diflicult problems. In the present study, an ion- 
eschange method of chromatography, developed originally to separate kanamycins 
A and B1, has been somewhat improved and applied successfully to the separation and 
quantitative determination of eight amino sugar antibiotics and their degradation 
products. 

The technique consists of separation on strongly basic anion-exchange resins, 
preferably Dowex I X z in the hydrosyl form, the column being developed with 
distilled water. The modifications that have been introduced are :. (I) the use of a 
shorter column (resin volume, ~5-50 ml), (2) slower rates of elution (20-30 ml/h), 
(3) a finer particle size for the resin (200-400 mesh instead of so-100 mesh), and 
(4) a ninhydrin method for the determination of the amino sugars. 

The use of finer particles coupled with slower rates of elution resulted in a con- 
siderably improved separation and an increased sharpness of the elution peaks; 
these become primary advantages when more comples mixtures are analyzed. 
Introduction of the photometric ninhydrin method permits quantitative analysis of 
the amino’ sugar antibiotics on a milligram scale. The majority of the antibiotics 
examined gave 40 to 50 yO color yield (diketohydrindylidene-diketohydrindamine) 
when the ninhydrin procedure of MOORE AND STEIN for amino acids2 was used. The 
modified system can be used either with a fraction collector or with an automatic 
recording equipment. 

EXPERIMENTAL 

Qztantitntive determination of a WU’.Y~W~ of kn?aanz@lzs A, B mad C by means of an 
automatic amino acid analyzer 

Chromatography on resin combined with an automatic amino acid analyzer provided 
an adequate method for the quantitative determination of lcanamycins in a mixture. 
The procedure is essentially the same as that described for amino acid determination3 
escept for the chromatographic column and developing solvent. The results obtained 
by this procedure when a synthetic misture of kanamycins A”, BG and Co was chroma- 
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tographed are superior to those previously published1 and are illustrated in Fig. I 

by the satisfactorily sharp peak for kanamycin A together with complete separation 
of B ancl C. The size of a peak, which was integrated by the convenient heiglzt- 
time-width method3, was linear with respect to the concentration of lcanamycin A, 
13, or C within the respective ranges so far esamined: 1-3.5 mg for A, 0.1-0.35 mg for 

Fig, I. Yracing of the chromatographic separation of a kanamycin mixture automatically re- 
corclecl, by Hitachi Amino Acid Analyzer (Type ICLA-2). Column, Dowcx I X 2 0.9 x 39 cm. 

Flow rate, 30 ml/h. ICmA 2.08 mg: IimB 0.207 mg; I<mC 0.143 mg. 

13, and 0.05-0.25 mg for C. A sample may be analyzed within 3.5 h by this method, 
which is particularly suitable for the determination of kanamycin B in the presence of 
A and C, as it was indicated in the present investigation that the differential bioassay7 
of B from A gives an abnormally high estimate of I3 in samples which are contaminated 
with C. 

Sej5aration of a wtixtatre 0J other amino wgar antibiotics a& isolation of parorutomycin II 

The modified procedure, with its good resolving power, was then applied to the study 
of other amino sugar an.tibiotics and related compounds. 

Fig. 2 illustrates a typical chromatogram obtained with a. misture of ltanamycins 
cl, B and C, neomycins A (near-nine) 8, 139 and CQ, and paromomycins Ilo and 119 , 
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Fig. 2. Scpartition of a known mixture of amino sugar antibiotics on Dowex I X 2 (JO ml). I = 
Ncsminc (0.5 mg); 1’1 = Kanemycin I3 (2.2 mg): III = Kanamycin C (2.2 mg) and neomycin C 
(2.2 mg); IV = = Kanamycin A (2.2 mg) : VI = Neomycin B (2~2 Rarornamycin T I (2.2 mg) ;p~romomvcin I (4 ~ mg) 

mg): VII = 

J. Clwonmtog., 13 (1964) 53G-541 
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while their relative peak effluent volumes are shown in Table I*. With the exception 
of the overlapping of neomycin C and lcanamycin C, separation of the other six amino 
sugar antibiotics is satisfactory. Since the antibiotics belonging to the neomycin 
group or paromomycingroup are separated completely, it is possible, as in the case of 

RELATIVE PEAK EFFLUENT VOLUMES (nu) Ol? VARIOUS AMINO SUGARS AND RELATED COMPOUNDS 

ON DOIVES I x 2 

‘I’eia~asacclrn~idc 

Neomycin I3 
Neomycin C 
Paromomycin I 
Paromomycin 11 

%‘risnccim~Gde 

ICanamycin .4 
Kanamycin I3 
‘Iianamycin C 

Disacchahde 

Neaminc 
Paromamine 
G-O-a-n-3-hmino-3-deoxy-glucopyranosyl-2-cleosystrept~mine 
Methyl (3-0-neosnminiclo-B)-a-n-ribofuranosiclc 
1Mcthyl (3-0-neosaminiclo-B)-a-n-ribopyranosidc 
lMetlly1 (3-O-neosaminiclo-B)-B-D-ribofuranosiclc 
Methyl (3-0-neosaminiclo-R) -p-n-ribopyranoside 
Methyl (3-0-neosaminiclo-C)-a-D-ribofuranosiclc 
iMethyl (3-0-neosaminido-C)-cc-n-ribopyranoside 
IMethyl (3-0-ncosaminido-C)-/3-D-ribofuranosidc 
Methyl (3-0-ncosaminiclo-C)-/3-D-ribopyranosidc 

lV0nost7cch~~id~ 

Methyl 3-amino-3-dcosy-a-D-glucopyranosicle 
Methyl 6-amino-G-clcosy-a-D-glucopyranosiclc 
Methyl 2-amino-2-cleosy-cc-D-glucopyranosiclc 
a-Deosystroptamine 
Streptaniine 
Streptidine 

A wa%iles 

13cnzylamine 
Histamine 

IO2 

102 

*=3 
123 

I *oLj. 

O-59 
I ..j4 

0.87 

I?1 
97” 

121 

1.00 

O.Lt5 

0.59 

SI 0.26 

10s 0.32 

10s 0.43 
102 0.50 
J62 0.64 
162 0.9G 
.rG2 1.24 
102 0.38 
rG2 0.44 
162 0.64 
I62 o.ss 

193 
193 
I93 
8 1 
89 

- 

0..+3 
0.3s 
0.35 
0.275 
0.3s 
0.13 

107 

.jG 

0.30 

0.3s 

(I,OO)C 
(0.33) 

(0.22) 

(0.2s) 

[:$ 
(0: 70) 

Iz! 

(0,22) 

(o-40) 
(0,21) 

---I- 
--_-_. --_-_ -.--- 

n Molecular weight cliviclccl by the number of amino groups. 
11 Peak cfflucnt volume of a substance divided by tlic peak cflluent volume of knnnmycin A. 
C Av on a column of Do\vc.s 1 X 4 resin. 
~1 M/N was calculated OLI the basis of the rcvisccl molecular formula C,,‘l-I:,TN,O,, with five 

amino grou??slG. 

kanamycin, to estimate the amount of each antibiotic produced in a misture by 
chromatography in combination with ninhydrin photometry. Such a chromato- 
graphic analysis when applied to a fradiomycin preparation obtained from the fer- 

* For this proccclure ;L fraction collector was employed. 
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mentation broth of Streptmnyces frndiae No. ZGO, indicated that it consisted of 74 Y0 
of neomycin B and 26 o/o of neomycin C. Application of the procedure to a commercial 
paromomycin preparation revealed the presence of gr y0 paromomycin I, admixed 
with a minor amount of paromomycin IT (9.0 %). 

In addition to analytical uses, resin chromatography can .be used for preparative 
purposes and has the advantage of yielding pure antibiotics, as evaporation of the’ 
aqueous alkaline portions of the effluent usually affords the free bases. Thus, the free 
base of paromomycin II was easily isolated* when a column overloaded with a 
paromomycin mixture was used. The product had an [a]: of +- gg” (in water), and 
gave an almost identical ultraviolet absorption curve to that of neomycin C, but 
differed from that of neomycin B and paromomycin I when heated with 50 oh 
sulfuric acid. Its biological activity against many micro-organisms was in general 
weaker than that of neomycins 13, C and paromomycin I. On methanolysis with 
z N HCl it yielded equimolar amounts of paromamine and methyl neobiosaminide 

C, the main component of the latter being methyl (neosaminido-C)-P-D-ribopyra- 
noside. These results are consistent with the proposed structure for paromomycin II0 
and zygomycin Asll. 

Se$aration of na&a?aolysis @oa?zccts of amino wgar adbiofics and isolation of new 
ribofaranoside fowm of neobiosawhaides B and C 

Methanolysis of neomycins B and C in dilute HCl gave neamine and the respective 
methyl neobiosaminicles, the latter usually being isolated as a mixture of their 
anomeric a- and P-glycosicles. A crude methyl neobiosaminide B, when subjected 
to chromatographic analysis, afforded five ninhydrin positive peaks (B,, B,, B,, B, 
and B, in Fig. 3) ; B, was identified as neamine. The four remaining peaks showed a 

Fraction number 

Fig. 3. Separation of crude methyl neobiosaminicle B derived from mild mcthanolysis of neomycin 
.B on Dowex I S 2 (2.5 ml). 

positive furfural assay and must be anomeric glycoside isomers in the ribose moiety 
of the disaccharide methyl neobiosaminide B, since all the components could be 
hydrolyzed in N HCl, at go”, to products with the same constant rotation ([g]g, + 
30”) as that of neobiosamine Bl2 and retreatment of the hyclrolyzate of BE with 0.3 N 
methanolic HCl at 4” yielded the same four components (B,, B,, B, and B,) as before. 
A ring structure was assigned to the ribose moiety in these components (furanoside 
for B2 and Bq, pyranoside for Ba and Bb) on the basis of the relative rates of formation. 

* After completion of this work, a paper on the isolation of zygomycin A, which was identical 
with paromomycin II was publishedlG. 

J. Citvomztog., 13 (1964) 536-541 
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and data from hydrolysis under various ccnditions 18. Assignment of an anomeric 
configuration (a-form for B, and B,, p-form for 13, and B,) was made Ero,m a comlzari- 
son of their optical rotations with those of anomeric methyl D-ribosides as shown in 
Table II. Similar evidence allowed assignment of a ribose structure to the four iso- 
mers * of methyl neobiosaminide C which were isolated in the same manner (see 
Table II). Methyl. ct- and P-neobiosaminides B and C containing ribofuranoside 
noieties have not been isolated in previous studies’+“sr2. 

OPTICAL ROTATIONS OF ANOhlERIC RIBOGLYCOSIDB ISOMERS OF METHYL NEOI3IOSAhlINIDES AND 

XIETHYL RIBOSIDE 

lMcthy1 neobiosaminidc 133” 
::2: 

.i- 69 
Methyl neobiosaminiclc 0 + 124 
Methyl D-ribosiddJ + r4; + 103 

----_ -..--.__-----_--__-.-- 

fi [a]ff in water (concn. o.G-1.1 %)+ 
‘J [ajz in methanol (concn. I.o~/~)~‘~. 

+ 25 - 10 
+ ss + 41 
- 02 - 107 

Paromomycin I, when treated in methanol with 0.3 _iV E-ICI, afforded five components, 
of which four were identified as the anomeric riboglycoside isomers of methyl 
neobiosaminide I3 as would be espected from the structure99 lo. The first em.erging 
peak was identified as paromamine, which is eluted more slowly than nearnine. 
G-O-ac-D-3-amino-3-deosy-glucopyranosyl-z-deosystreptamine, a partial degradation 
product of kanamycin A”, emerges immediately after paromamine with complete 
separation. 

As for the monosaccharide amino sugars, chromatography on Dowes I X 2 

separated a mixture of z-deosystreptamine, methyl 6-amino-6-deosy-a-D-glucopy- 
ranoside and metbyl 3-amino-g-deoxy-oc-D-glucopyranoside, which are the main 
methanolysis products of kanamycin A 4, Further application of the method indicated 
the resolution of streptidine, streptamine and 2-deosystreptamine, the former two 
being the degradation products of streptomycin. 

‘The above results together with data from studies still in progress, emphasise the, 
usefulness of chromatography on resins for the fractionation and quantitative esti- 
mation of various types of amino sugar glycosides. 

The strongly alkaline and adsorptive properties of Dowes I X 2 limit the number of’ 
substances which can be effectively used on such columns. Neobiosamines, a-amino-z+ 
deoxy-D-glucose, isonicotinic acid hydrnxide, homosulfamine and lysine, when esam-. 
ined, were adsorbed strongly on the rosin with decomposition in some cases. On. 
the other hand, a misture of histamine and benzylamine was successfully separated, 
the former being eluted faster than the latter. 

The above limitation, however, offers a convenient purification procedure for an. .’ 

* Thin-layer and paper chromatography using various solvent systems was unsuccessful in. 
resolving these isomers. 

J. C~NXIK~O~. , 13 (1964) 536-54 I, 
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appropriate basic substance when it is contaminated with substances which are 
highly adsorbed or have alkaline unstability. In fact, the separation of methyl 2- 

amino-z-deosy-D-glucoside from unreacted 2-amino-2-deosy-D-glucose was easily 
accomplished by passing a crude methylation product through a short column of the 
resin. 

As indicated by ROTHROCK et aZ.1, chromatography on Dowes I X 2 is a typical 
esarnple of adsorption clrromatography on ion-exchange resins. Although the data 
available are relatively few, consideration of the data shown in Table I reveals some 
correlation between structure and relative peak effluent volume (33~) : (I) Among the 
amino sugars having similar molecular weights, liv in many cases increases with 
increasing M/N value (molecular weight divided by the number of amino groups) ; 

(2) with regard to the relationship of molecular size to pore size of resin, it is noted 
that, although Dowes I X 2 is preferable for oligosaccharicle amino sugars, the 4 yO 
cross-linked resin gave a much improved resolution with monosaccharide amino 
sugars and the alkyl amines so far esamined. 

Full esperimcntal will be published elsewhere. 

SUMMARY 

Chromatography on Dowes I S 2 resin was modified to improve the sharpness of 
the effluent peaks and applied to the separation and quantitative determination of 
amino sugar antibiotics and their degradation products. A photometric ninhydrin 
method was used to determine the amino sugars. 

The usefulness of the method was further demonstrated by the isolation of 
paromomycin II and methyl neobiosaminides I3 and C containing a ribofuranoside 
moiety. Finally, limitations of the technique arising from the strong alkaline and 
adsorptive properties of the resin were indicated. 
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