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SUMMARY

. By means of paper and thin-layer chromatography using the lower phase of a
solvent mixture consisting of chloroform-methanol-17 % ammonium hydroxide
(2:1:1, v/v), the gentamicin antibiotic complem is shown to consist of three compo-
nents, named C,, C;5 and C,. Methods are given for preparative separation of these
antibiotics by use of cellulose and Chromosorb W chromatographic column procedures
utlhzmg the solvent system descnbed for paper and TLC.

INTRODUCTION

'+ ' WEINSTEIN and co-workers! and RosseLET and co-workers?® had reported that
the antibiotic gentamicin consisted of two closely related isomeric pseudo-oligosaccha-
rides referred to as gentamicin C, and gentamicin C, which had essentially identical
polantles. The two components were separable only after acetylation and partltlon
chromatography on cellulose powder using a heptanol-pyridine-water system in a
ratio of 6:4:3 and subsequent: deacetylation of the separated N-acetyl denvatlves
by reflux for 70'h in 1.2 IV sodium hydroxide. :

‘Fig: 1 illustrates the chromatographic pattern of gentamicin N-acetyl C; and
gentanncm N-acetyl C, on Whatman No. 1 paper developed in the heptanol-pyridine—
water system. The compounds were detected by the starch-potassium iodide method

Fig. 1. Chromatogram of N-acetyl gentamicin C; and N-acetyl gentamlcm C2 on Wha.tman No. v
paper. usmg heptanol—pyrxdme—water (6 4 3) Compounda visualized by starch—potassxum iodide

spra.y
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of PAN AND DUTCHERS, and the spot closest to the orxgln is C1 and the faster movmgs
Oﬂ@lSCo L : e
o WEINSTEIN and co-workers4 recently reported that the gentam1c1n complex-
produced by submerged . fermentations. of M icromonospora. ;bm'purea ‘NRRL 2953
consists of three antibiotic components which have been designated as gentamicin C,,
gentamicin C,, and gentamicin. C,, respectively. The, data presented shows. the
biological properties of the individual components to be essentlally the same. L
‘This paper describes techniques for the separation of the three gentam1c1n
components and it will also demonstrate that gentanucm Cy: referred to in the original
paper was actually composed of a mixtureof two ant1b10t1cs-wh1ch are now designated
as C; and C;4 and that C, was homogeneous o

EXPERIMENTAL AND RESULTS

T hin-layer ckromatogmpky S R : ot ~

Separation of these antibiotic’ mo1et1es has been accomphshed W1th th1n layer
or paper chromatography using the lower phase of a solvent system composed of
chloroform-methanol-17 % ammonium hydroxide in a ratio of 2: x:1. Th1s system is
a mod1ﬁcat10n of the method reported by. IKEKAWA et al.’ in. 1963. ol

" Thin-layer chromatog1 aphy of the gentam1c1n complex was carrled out on plates
coated with Silica Gel G. Plates were developed for 16—-18 h. :

Detection of spots was accomphshed by two methods (I) by the use , of reagents ;
and (2) by a ‘microbiological procedure. The: first method. was ‘carried out by the usual
technique of spraying the plates with 0.25 %. nmhydrm in pyr1d1ne—acetone and
consequent heating at 105° for several minutes. The zones appear as: purple or blue
spots against a white background Also the’ starch—-potassmm iodide reagent ‘spray
can be used, with wlnch the zones. show ,u 'as dark blue spots. agamst a Whlte back-
_ground r : KR W
Mlcroblologmal detectmn of the antlblotlc zones ‘was carrled out by laymg the
plate face-down on a sheet of Whatman No. 1 paper in contact with agar seeded with
Staphylococcus aureus ATCC 6538P After 10 min the paper and plate were removed
and ‘after a su1table 1ncubat1on period the zones of 1nh1b1t1on, representmg the
'gentamlcm components, were observed

Paper ckromatogmpky S R A

“The method of separatlon ut1hz1ng the thm-layer plates is: extremely slow
compared to most thm-layer techniques. Increased speed-of separation of ‘the compo-
nents was realized by useof. paper chromatography utilizing'the chloroform-methanol-
ammonia system Upper Pphase was placed in the. bottom of:the: chromatograph1c jars
several ‘hours prior- to use, ‘and lower: phase: was" used to’ develop the papergrams
" wlnch were run descending on Whatman No. 1 paper in-insulated chambers, for 5 h ‘
vat 25°. The solvent was allowed to drip off the papers during development L

Detectron of. zones was. accomphshed by.the previously. ‘described: nmhydnn
"techmque or: by the b1oautographlc method. In"the latter,.the. paper was: placecl
directly.on: the agar, prepared as prevmusly descnbed for a: Io-mm penod pnor to
f'mcubatlon L X

+The complex separated mto three zones as seen by the nncrobxologlcal method
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illustrated in Tig. 2. These zones corresponded to those observed using the thin-layer
chromatographic technique except that the paper chromatographic method was more
sensitive and rapid. The zone of inhibition nearest to the front is identified as Cl, the
zone followmg designated as C, and that closest to the origin, Cia. o

- Fig. 3:shows’ a similar ‘pattern with: mnhydrm sprayed chromatograms The
Rp values of the: nmhydrm spots are 1dent1cal w1th those of the correspondmg zones

of inhibition.

Cla

C Complex

Origin _
Fig. 2. Bioautograph of ‘gentamicins. Chromatogram run on Whatman No. 1 paper using lower
phase. of chloroform—methanol—x7 % ammoma (,, I 1) and plated agamst S. aureus ATCC 6538P,

ey .

¢y o ——
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C Complex -‘ ‘-f
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Fig. 3. thydrm sprayed. chromatogram of gentamlcms run on Whatman N 0. I paper using lower
phase of chloroform—methanol—17 % ammonia (2:1: I) , D

Cellulose column ckromatagmphy .
As a result of the success of the paper chromatographlc separations of the

gentamxcm complex, 1t appeared feasible to attempt preparative column chromato-
graphy of the mixture using cellulose. powder and.the predescnbed solvents. -

-‘Whatman. No:'x cellulose ‘posrder was. packed'in small -segments in a column
havmg -an‘inner. diameter of 2.4:cm, to a height of 30 cm. The upper. phase of: the
solvent: system compnsed of’ chloroform——methanol-17 o, ammonia (2:1:I, v/v) was
run through the column’ untll a yellow band of 1mpur1t1es emerged and the column
was allowed to: draln : :

L A200 mg quantity of gentam1c1n sulfate (equwalent to 129 mg of free base) was .
1n1xed with 2 g of cellulose powder, packed atop the: cellulose in the column and wet
with:a sinall quantlty of upper phase ‘Lower phase was ‘allowed: to Tun through the
column at the rate of 2 ml per min; 16 ml fractions were. collected every 8 min. o

Ahquots of.each fraction were spotted on filter paper and ‘tested with mnhydrm
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reagent .to determine the presence or absence of antibiotic. All of the: ant1b10t1c
(positive test) was located in fractions 12 through 49. Paper chromatography of each
of the fractions determined that the three component peaks were.located as seen in
Table 1. Like fractions, converted to the1r free bases on the column, were pooled-and
concentrated to dryness. Weights of peak fractions (Table 1) mdlcated a. 94 % recovery
of startmg material. . o s .

TABLE 1
CHROMATOGRAPHIC SEPARATION OF THE GENTAMICIN COMPLEX USING A CELLULOSE COLUMN

Starting material: 200 mg of gentamicin complex sulfate (129 mg base equwalent) Total yxelcl
121.5 mg (94 %). - :

Component Fraction Weight
Co No. -~ (mg) (base)
C, 12-19 58.2
C. 23-33 50.8
Cin 38-49 I12.5

Paper chromatography of the bases and bioautography of the papergrams
against Stephylococcus aureuns, showed that the C, and C, components were free of
impurities and that Ci, contained approximately 5% of C;. Rechromatography of
the C;, fraction using the described column resulted in 1solat10n of this component
free of the C; component.

Chromosorb chromatogm_/)hy o :

‘A major problem in separatlon of quantltles of the gentanncm complex 1nto its
three components is scale-up of existing procedures Major disadvantages of the above
methods are that thin layer or paper chroematography can be used only for detectlon
or preparatlon of mlnute quLntltleS of material and cellulose powder chromatography
is tlme-consummg because of the care that must be taken in packing the column. .. -
. An 1mproved techmque has been dev1sed utllumg the, solvent system previously
descr1bed and Chromosorb W® an mert adsorbent Although the mechanics of the
separatlon are essent1ally snmlar to. those descnbed this: procedure is more easily
carried out, does not require hand packing, can be scaled up readily and, because it
uses a low ratio of adsorbent to gentam1c1n complex, can be used.: to. separate large
quantities of material. i

Chromosorb W (60-100 mesh) manufactured by Johns-Manvﬂle, New Yorl\,
N.Y. was slurried with the upper phase of- chly ;oform—methanol—17 % ammonia
(2:1:1,v/v) and filtered using suction on: a Buchner”'funnel ui 't11 excess solw ent was
removed. The Chromosorb was packed into’'a column_ havm an-I.D. of 33cm to a
height of 50 cm, in 5 cm segments (approx1mately I 50 g a , romosorb) An alter-
‘nate method which has been used is to pour the slurry into he: column and remove
~ excess solvent by suction from the bottom of . the column One hter of lower phase

was run through the column to wash the Chrornosorb P T
A 3 g portion of gentamicin base was dissolved in 10 ml of methanol adsorbed
to the smallest possible quantity of Chromosorb and dried. under vacuum, usmg a
Rmco ﬁlm evaporator Th1s nnxture was packed atop the. column and wet with, a
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small quantity of lower phase. The column was eluted with lower phase at the rate of
1 ml/min, collecting five fractions/h for a total of 231 fractions. Fractions were‘tested
as described under cellulose column chromatography and the three major component
peaks were located as shown in Table II, pooled, decolorized on IRA401S (OH-)
resin and concentrated to dryness. Paper chromatography of the bases and bioauto-
graphy of the papergrams indicated that all components were free of microbiologically
active impurities. Weights and bioassay data for the dried bases are presented in

Table II.

TABLE 1II | , .
CHROMATOGRAPHIC S]:PARATION OF THE GENTAMICIN COMPLEX USING A CHROMOSORB W COLUMN
Starting material: 3 g gentamlcm complex base.

Component . ' Fraction ™ Purified -Antz‘bz‘otz‘o
- Nos. - fractions - activity™
R (weight, g)  (ugl/mg)

C, ' 35-60 = 101 833
2 95-140 0.74 1050
(ST - . 165-231 . 0.31 ) 1050

" Average of four assays against complex standard.,
DISCUSSION =

Thin-layer”and paper. chromatography were used to show that the gentamicin
complex is made up of three components and not two as was previously reported.
‘These: components can' now be separated by column chromatography on cellulose or
Chromosorb using: ‘the chloroform—methanol—ammon1a System.

Acetylatlon of ‘each of the three gentalmcm components and chromatography
of the derivatives' md1cated that’ the N-acetyl gentamlcms C, and Cia moved as a
smgle spot and differed from the Rp of the N-acetyl C, zone as illustrateéd in Fig. 4.
‘This isin d1rect agreement W1th the original assumption that gentammm was a mixture
‘of only two components and would explain why three acetylated zones did not appear.
The chromatographlc behav10r of the gentammm components as ewdenced by the

Co - -
o

C Complex "
f

Origin

I‘1g 4 Chromatogram of N -acetyl ge11tam1c1ns ‘showing 1dent1ty of 01 and Cm \/Vhatman No 1 '
‘paper; hepta.nol—-pyrldme—water (614:3). Spots vxsuahzed by starch—potassxum 1od1de spray.:

,-»;;]..Chrqma.tog.,' 34 (195.8).::2110_2“



SEPARATION OF THE COMPONENTS OF THE GENTAMICIN COMPLEX 215

data presented in this paper, appears to confirm earlier views 1nd1cat1ng very close
structural relationship between these compounds.

f This-paper was presented in part at the 54th meeting of the American Chemical
Society, Chicago, Illinois, September 12, 1967. R

REFEREN CES

1 M., J. WEINSTEIN, G. M LUEDDMANN, E. M. ODEN AND G H WAGMAN Antzmzcrobzal Agents and
Chemotherapy—r963, 1964, pP. 1-7.

2 J. P, RossELET, J. MARQUEZ, E. MESECK, A. MURAawsKI, A. HaMpan, C. Jo¥NER, R. ScuMipT,
D. MicLIORE AND H, C, HERZOG, AntzmzcrobzaZAgems and Chemotherapy—1963, 1964, pP. 13—16.

3 S.C. Pan anD J. D. DUTCHER,AnaZ Chem., 28 (1956) 836.

4 M. J. WEINSTEIN, G, H, WacMaN, E. M. ODEN AND J. A. MARQUEZ, J. Bacteriol., 94 (1967) 789.

5 T. IkExawa, F. Iwami1, E. Arita aND H. UMEzAWA, J. Antibiotics, Ser. A, 16 (1963) 56, ‘

J. Chromatog., 34 (1968) 210-21 5



