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The incorporation of various uC-labeled compounds into the D-inositol
moiety was studied. Among U-uC-maltose, U-14C-glucose, U-14C-mannose,
l-14C-glycerol, U-14C-pyruvate, l-14C-acetate, U-uC-myoinositol, l-14C-glycine,
2-14C-glycine and 14C-D-inositol, only U-14C-myoinositol was incorporated at
a high rate. From the dilution test of D-inositol, D-inositol was proved not
to be a precursor of the D-inositol moiety of kasugamycin. The radiogaschro-
matography of 14C-kasugamycin showed the conversion of U-14C-myoinositol
to the 14C-D-inositol moiety of kasugamycin.

The incorporation of 14C-labeled compounds into kasugamycin, the kasugamine

 moiety and the side chain has been reported in previous paperslj2). Glucose is incor

porated into kasuganobiosamine and more highly into kasugamine than into the

 residual parts. Glycine is almost exclusively incorporated into the side chain. Myo

inositol is incorporated at a high rate into kasugamycin and almost no radioactivity

 is detected in the kasugamine moiety and the side chain.In this paper, the incorporation of labeled compounds into the D-inositol moiety

 is reported.

Methods and Materials

The procedure of the shaking culture, the processes for isolation of kasugamycin, the

 method of degradation of kasugamycin to D-inositol, and the methods for determination

 of radioactivity have been described in a previous paper0.(1) Gas chromatography of myoinositol and D-inositol : Gas chromatography of the
 hydrolysate of 14C-kasugamycin was carried out by the method of Yamakawa and Ueta3).
Ten mg of uC-kasugamycin hydrochloride monohydrate was dissolved in 2.0 ml of

 methanol containing 5.0% HC1 and the solution was heated at 100°C for 4 hours in a

 sealed tube. After methanolysis, the solution was neutralized with IR-4B (OH~ form)

 which had been washed with methanol and dried. The 14C-methanolysate thus obtained

 was dissolved in 1.0 ml of anhydrous pyridine and was shaken with 0.2 ml of hexamethyl
disilazane and 0.1 ml of trimethylchlorosilane for about 20 seconds. It was then heated

 at 60~70°C for several minutes. Three ml of chloroform and 3 ml of distilled water were

 added and shaken. After centrifugation the upper layer was discarded. This process was

 repeated 3 times to remove pyridine. The chloroform layer was evaporated in vacuo.
The trimethylsilyl-14C-methanolysate thus obtained was dissolved in a small amount of

 chloroform and a suitable amount of the solution was chromatographed with a column of
 10% Ucon LB 550X on Gaschrom CLH at 190°C. The gas chromatograph used was of

 the Hitachi-Perkin Elmer F-6D. The effluent was subjected to a radioisotope flow counter
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KR-2. As reference, trimethylsilyl-myoinositol and trimethylsilyl-D-inositol were subjected

 to the same procedure.
(2) Preparation and incorporation of 14C-D-inositol : 14C-D-Inositol was prepared by

 hydrolysis of 14C-kasugamycin obtained by the shaking culture with uC-myoinositol. 14C

D-Inositol thus prepared has the specific activity of 5.31 jucjm mole. The incorporation

 rate of 14C-D-inositoi into kasugamycin, especially into the D-inositol moiety was studied by

 addition of 20.0 mg of 14C-D-inositol to 125 ml of the cultured broth at 70 hours of the

 shaking culture and by isolation of 14C-kasugamycin 19 hours thereafter.
(3) Dilution test: The dilution effect of D-inositol (20 mg) on the incorporation of

 U-14C-myoinositol into kasugamycin was studied. Five meg of U-14C-moyoinositol (1.0 fie)

 was added to 125ml of the cultured broth at 70 hours of the shaking culture together

 with or without 20 mg of D-inositol, and 19 hours thereafter kasugamycin was isolated.
Results and Discussion

The radioactivity of 14C-kasugamycin was divided by 14 carbons and that of 14C

D-inositol by 6 carbons, and radioactivity/each carbon is shown in Table 1. If a 14C

compound is exclusively taken into the D-inositol moiety, then the ratio of the radio

activity/am of carbon of D-inositol to that of kasugamycin will be 2.33. The incor

poration rate of maltose, glucose, mannose and pyruvate into D-inositol was less than

 that into the residual parts. l-14C-Acetate, l-14G-glycine, and 2-14C-glycine showed

 lower incorporation into the D-inositol moiety than into the other parts of kasuga

mycin. l-14C-Glycerol was incorporated equally into D-inositol and the residual parts.

The data for the incorporation rate of glucose, glycerol, pyruvate, acetate, glycine

 and myoinositol are summarized and shown in Table 2. U-14C-Glucose and U-14C

pyruvate were more highly incorporated into kasugamine than into D-inositol. 1-14C

Acetate was 6~7 times more highly incorporated into kasugamine than into D-inositol.l-^C-Glycerol was equally incorporated into kasugamine and into D-inositol. 1-14C

Glycine and 2-14C-glycine were incorporated almost exclusively into the side chain.
The incorporation rate of U-14C-myoinositol into kasugamycin was higher than

 50% and as shown in Tables 1 and 2 most of it was taken into the D-inositol moiety.
Addition of 20 mg of D-inositol to U-14C-myoinositol showed no dilution effect as

 shown in Table 3. The incorporation rate of 14C-D-inositol into kasugamycin was

 Table 1. Distribution of 14C in the D-inositol moiety of kasugamycin

14C - c om p o u n d

u r
In c o r p . r a te

in to

S p e c ific a c tiv ity

o f
S p e c ific a c tiv ity /^ M o f C *

R ela t iv e in c o r p .

o f D - in o s itola d d e d

( ju c )

k a s u g a m y c in

( % )

k a su g a m y c in

( x l O 3 c p m /^ M )

K a s u g a -

m y c m
D - In o s it ol

U - 14C -m alto s e 2 5 . 6 1 . 9 1 5 . 5 1 3 9 4 1 9 0 0 .4 8

U - u C - g lu c o s e 2 5 . 0 1 0 . 6 9 56 . 1 5 2 , 5 8 2 1 , 3 8 9 0 . 5 4

U - 14C - m a n n o s e 1 0 . 0 1 0 . 0 3 6 . 1 4 4 3 9 2 0 7 0 .4 7

l - 14C - g ly c er o l 7 . 5 1 . 4 1 0 .9 6 5 7 .9 6 4 .2 1 . l l

T J- u C - p y r u v a t e 1 0 . 0 1 . 2 8 0 .9 7 6 9 .3 3 7 .7 0 .5 4

l - ^ C - a c e ta te 6 . 3 0 . 1 3 0 .0 6 4 .3 1 .0 0 .2 3

U - 14C - m y o in o s ito l 6 . 0 6 0 . 2 9 3 6 . 7 4 2 , 6 2 4 5 , 8 1 5 2 . 2 2

l - 14C - g ly c in e 2 5 .0 1 8 . 5 2 4 8 . 2 7 3 , 4 4 8 1 5 0 . 0 0 4

2 - 14C - g ly c in e 1 0 .0 2 2 . 3 9 2 2 . 7 4 1 , 6 2 4 8 0 . 0 0 5

sp. act, of p-inositol part/^M of C
sp. act. of kasugamycin//zM of C



VOL.XXI NO. 3 THE JOURNAL OF ANTIBIOTICS 187

Table 2. Incorporation rate of U-uC-glucose, l-14C-glycerol, U-14C-pyruvate, l-uC-acetate,
 l-14C-glycine, 2-14C-glycine and U-14C-myoinositol into three moieties of kasugamycin

14C -com pou nd
In corp. rate into S pecifi c activity /̂ M

of U C add ed K a su g am y cin K asu ga m in e S id e ch ain D -In ositol

U -14C -g lu cose 10 . 69 2, 582 x 14 cpm 4 , 522 x 6 cpm 3 42 x 2 cpm 1, 389 x 6 cpm

l-u C -g ly cerol 1 .41 57.9 x 14 59 .8 x 6 32 .5 x 2 64.2 x 6

U -u C -py ru vate 1 .28 69 .3 x 14 104 .5 x 6 58 .5 x 2 37 .7 x 6

l-u C -a cetate 0 .13 4 .3 x 14 6.7 x 6 7 .O x 2 1.O x 6

l-i*C -g ly cin e 18 . 52 3 ,4 48 x 14 23 x 6 24 , 007 x 2 15 x 6

2-u C -g ly cin e 22 . 39 1,624 x 14 8 x 6 ll,322 x 2 8 x 6

U -14C -m y oin ositol 60 . 29 2 , 624 x 14 274 x 6 88 .O x 2 5 ,8 15 x 6

Table 3. Incorporation of U-uC-myoinositol and 14C-D-inositol

14C -c o m p o u n d U - 14C - m y oin o sito l U - M C - m y o in o s itol 14C - D - in o s ito l

D ilu tio n n o n e D - in o s itol n o n e

S p e c ific a c tiv it y 3 6 .0 m c/ m M 3 6 .0 m c /m M 5 .3 1 ju c lm u

T o t a l a m ou n t o f U C a d d e d 1 . 0 lie 1 . 0 u c 0 .5 9 1 a c

14C o f k a s u g a m y c in r e c o v e re d 1 .1 9 x lO 6 d p m 1 .3 5 x l O 6 d p m 0 . 0 0 6 x l O 6 d p m

In c o r p o r a tio n r a te 5 4 . 0 9 % 6 1 .3 6 % 0 .4 6

Fig. 1. Gas-liquid chromotography of
HCl-methanolysate of kasugamycin

10% Ucon LB 550X on Gaschrom CLH, 190°C

very low, 0.46%, as shown in

 Table 3. Gas chromatography

 of the hydrolysate of kasuga

mycin labeled by addition of

 U-uC-myoinositol during the

 fermentation also shows the

 utilization of myoinositol for

 the D-inositor moiety (Fig. 1).In plants4), animals5) and

 yeasts6>7), myoinositol is derived

 from the reductive ring closure

 of C-l and C-6 of glucose

 through glucose-6-phosphate.The higher incorporation rate

 of glucose into D-inositol than

 l-uC-glycerol or U-uC-pyru

vate and the high incorporation
of myoinositol into D-inositol suggest the biogenesis of myoinositol from glucose.

When U-14C-myoinositol was added, and the lipid fraction and the extracts of myce

lium were analyzed by gas chromatography, D-inositol was not detected. uC-d

inositol was not incorporated into kasugamycin. Two possibilities are considered for

 the pathway of myoinositol to D-inositol. Myoinositol and D-inositol are different in

 stereochemistry of one carbon, an equatorial hydroxyl group in the former and axial

 in the latter. In one of the possible pathways, this equatorial hydroxyl methine of

 myoinositol is oxidized to a carbonyl group or the hydroxyl group is removed by
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 dehydration and the axial hydroxyl group of the methine of D-inositol is formed by

 reduction of the carbonyl group or hydration of the double bond. In this case, the

 axial hydrogen atom on this carbon is removed and the equatorial hydrogen atom is

 attached. Another possible pathway is that the hydroxyl group is phosphorylated.
If, instead of the P-O fission, the O-C fission takes place in the hydrolysis of phosphate,

 then it is possible that after removal of phosphate the hydroxyl group from water

 binds with that carbon atom in the axial relation. In this case, the hydrogen atom

 on the hydroxyl methine is not removed. It is known that the G-O fission occurs in

 simple organic phosphate depending on the conditions of hydrolysis. As discussed in

 a previous paper2), a type of biosynthesis resembling biosynthesis of cell wall can

 be considered for the biosynthesis of kasugamycin. Nucleotide kasugamine is first

 formed from glucose and then the side chain is formed from glycine. This nucleotide

deinositol-kasugamycin binds with myoinositol in lipid with concurrent separation of

 nucleotide, and forms kasugamycin. Though the experimental data are not sufficient,

 the comparative studies on the biogenesis of kasugamycin and other aminoglycosidic

 antibiotics may be helpful to find the general principle of biogenesis of aminoglycosidic

 antibiotics. References
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