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 BIOSYNTHESIS OF KASUGAMYCIN. II

 BIOSYNTHESIS OF THE TWO-CARBON-SIDE

 CHAIN OF KASUGAMYCIN
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 The incorporation of various 14C-labeled compounds into the two-carbon

 side chain of kasugamycin was studied. Among U-uC-maltose, U-14C-glucose,
 U-14C-mannose, l-uC-glycerol, U-uC-pyruvate, l-14C-acetate, U-14C-myoino

sitol, l-uC-glycine, 2-14C-glycine, U-14C-glyoxylate, U-14C-oxalate and U-14C

serine tested, l-uC-glycine and 2-uC-glycine were most highly incorporated
 into the side chain of kasugamycin. They were almost exclusively incorporated
 into two carbons of the side chain. U-14C-Serine was incorporated at the rate
 4 times less than 2-14C-glycine. A dilution effect of glyoxylate, oxamate and

 oxalate on the incorporation of 2-14C-glycine was not observed.
As reported in a preyious paper15, 14C-glucose is incorporated into kasugamycin

 and the specific activity of the kasugamine moiety is higher than the residual

 parts. 14C-Glycine and 14C-myoinositol are taken into kasugamycin at a high rate,

 but not into the kasugamine moiety. The structure of kasugamycin suggests that

 glycine might be taken into the two-carbon side chain. In this paper, incorporation

 of both carbons of glycine into two carbons of the side chain is reported, together

 with the incorporation rate of other 14C-labeled compounds.Methods and Materilas

The methods of shaking culture, the procedure for addition of labeled compounds, the

 processes for isolating kasugamycin, the processes for degradation of kasugamycin into

 D-inositol, oxalate and kasuganobiosamine, and the measurement of radioactivity were
 described in a previous paper15.In an experiment testing the dilution effect of sodium glyoxylate, sodium oxamate,

 and ammonium oxalate on incorporation of glycine into kasugamycin, 2-14C-glycine (5.0 juc)

 was added to the cultured broth (125 ml) of Streptomyces kasugaensis after 3 days of the

 shaking culture at 27°C together with 102 mg of sodium glyoxylate, 100mg of sodium

 oxamate or 109 mg of ammonium oxalate and the shaking culture was continued further
 for 17 hours. Then, 14C-kasugamycin was isolated and the incorporation rate was calcu
lated. 2-14C-Glycine was obtained from the Radiochemical Center and its specific activity

 was 8.0 mc/m mole. Therefore, 5.0 [iq, of 2-14C-glycine corresponds to 47 meg. The in

corporations of U-14C-glyoxylate (specific activity 4.71 mc/m mole), U-14C-oxalate (specific

 activity 2.4 mc/m mole), and U-14C-L-serine (107 mc/m mole) were studied. U-14C-Gly

oxalate was obtained from the Radiochemical Center. à" U-14C-oxalate and U-14C-L-serine

 were obtained from Daiichi Pure Chemicals Co., Ltd.
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The two-carbon side chain (the amidine carboxylic acid moiety) of kasugamycin

 is obtained as barium oxalate by hydrolysis in barium hydroxide solution. The

 specific activity/^M of carbon of kasugamycin was calculated by dividing the specific

 activityIjum of kasugamycin to 14 carbons. The specific activity///M of carbon of the

 side chain was calculated by dividing the specific activity/^M of oxalate to 2 carbons.The results are indicated in Table 1.

Kasugamycin has 14 carbons and the side chain 2 carbons. Therefore, if a labeled

 compound is exclusively incorporated into the side chain, then the ratio (relative in

corporation) of the specific activity/^M of carbon of kasugamycin to the specific

 .activity///M of carbon of the side chain must be 7.0. This ratio in the case of maltose,

 glucose, mannose, or myoinositol is far less than 1.0. It is also less than 1.0 in the

 case of glycerol or pyruvate. It is higher than 1.0 in the case of l-uC-acetate. It is

 almost 7.0 in the case of both l-uC-glycine and 2-uC-glycine. Thus, both carbons of the

 side chain of kasugamycin are almost exclusively derived from two carbons of glycine.
The incorporation rate of U-uC-glyoxylate, U-uC-oxalate, U-uC-serine and 2-uC

glycine into kasugamycin is shown in Table 2. The incorporation of U-uC-glyoxylate

 Table 1. Distribution of UC in the two-carbon side chain of kasugamycin

14C - C o m p o u n d

u r

a d d e d
( V C )

In c o r p . ra t e

in to

k a s u g a m y cin

{ % )

S p e cific a c tiv ity

o f
k a su era m y c in

( x l O 3 c v m lju u )

S p e c fi c a ct iv it y jju M o f C R ela t iv e in co r p .*

o f s id e c h a inK a su g a -

m y cin
S id e ch a in

U - 14C - m a lto s e 2 5 . 6 1 . 9 1 5 . 5 1 3 9 4 c p m 1 2 5 c p m 0 . 3 2

U - 14C - g lu co s e 2 5 .0 1 0 . 6 9 3 6 . 1 5 2 , 5 8 2 3 4 2 0 . 1 3

U - 14C - m a n n o se 10 .0 10 . 0 3 6 . 1 4 4 3 9 3 6 0 . 0 8

l - u C - g ly c e ro l 7 .5 1 . 4 1 0 . 9 6 5 7 . 9 3 2 . 5 0 . 5 6

U - 14C - p y r u v a te 10 .0 1 . 2 8 0 . 9 7 6 9 . 3 5 8 . 5 0 . 8 4

l - 14C - a c e ta t e 6 .3 0 . 1 3 0 . 0 6 4 . 3 7 . 0 1 . 6 3

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

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

2 - 14C - g-1y c in e 10 . 0 2 2 . 3 9 2 2 . 7 4 1 , 6 2 4 l l , 3 2 2 6 . 9 7

à"* sp. act. of two-carbon side chain/^M of C
 sp. act. of kasugamycin/^M of C

Table 2. Incorporation of U-14C-glyoxylate, U-14C-oxalate, and
 U-uC-serine into kasugamycin

U - 14C - g ly o x y la t e U - 14C - o x a la t e U - 14C - s er in e 2 - 14C - g ly c in e

S p e c ifi c a c tiv ity 4 . 7 1 m c/m M 2 . 4 m c /m M 10 7 m c /m M 8 . 0 m c/m M

T o ta l a m o u n t o f 14C a d d ed 1 0 .0 ju c 10 .0 ju c 8 . 5 u c 1 0 . 0 ju c

14C of k a s u g a m y c in r e co v e r e d 3 .3 x lO 4 c p m 0 . 1 2 x 10 4 c p m 1 . 9 8 x 1 0 5 cp m 9 . 7 0 9 x l O 5 c p m

In c o rp or a t io n ra t e 0 . 3 0 0 . 0 1 2 .1 2 8 . 8 4

Table 3. Dilution test on glycine, glyoxylate, oxamate and oxalate

D ilu tion com pou n d G ly ox y late O x am a te O x alate

S pecifi c activ ity of 2- 14C -g lycine 10. 0 m c/m M 10. 0 m c/m M 10. 0 m c/m M 10. 0 m c/m M

T otal am ou n t of U C add ed 5 .O a c 5.O a c 5.O a c 5.O a c

14C of k asu g am y cin recov ered 1. 527 x 106 dp m 1.3 89 x 106d y m 1. 10 9 x 10 6 dp m 1. 32 9 x 106 dp m

In corp oration rate 13 . 89 12 . 64 10 . 0 8 12 . 0 9
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 and U-uC-oxalate were far less than glycine and that of U-uC-serine was about 4 or

 5 times less than 2-uC-glycine. As shown in Table 3, glyoxylate, oxamate and oxalate

 showed no dilution effect on the incorporation of 2-uC-glycine into the side chain of

 kasugamycin.
The results described above indicate that glycine added is utilized for formation

 of the side chain, and that glyoxylate, oxamate and oxalate are not efficient precursors

 of kasugamycin.
As described in a previous paperx), deoxysugars, for instance, tyvelose2), are bio

synthesized from glucose through a nucleotide glucose and it is considered that

 kasugamine, the diaminosugar moiety of kasugamycin is synthesized from glucose,

 probably through a nucleotide sugar. This course of biosynthesis of nucleotide

 kasugamine may be considered to take place in cells, and it may also be considered to

 react with glycine or its metabolized product forming side chain and to be carried to

 the cell surface where myoinositol exists as a constituent of lipid.In studying the biosynthesis of antibiotics, it may be useful to compare with the

 biosynthetic pathway leading to other physiological products. Thus, the biosynthetic

 pathway of kasugamycin may resemble to that for cell wall synthesis.
The information that glycine is utilized for formation of the side chain of kasuga

mycin suggests the possible use of glycine to increase the yield of kasugamycin in

 the broth. However, it must be known that addition of glycine at the start of fer

mentation does not exhibit the precursor effect, because it is rapidly utilized. After

 19 meg of l-14C-glycine (2.0 ^c) was added to the culture broth (10 ml) on the 4th day

 of the shaking culture, a sample was taken from the cultured broth at various time

 intervals. The filtrate was spotted and subjected to high-voltage electrophoresis and

 the radioactivity was measured by a scanner. Then, the glycine added disappeared

 2 hours after addition, giving radioactive kasugamycin. This result indicates that

 glycine added disappears rapidly and in order to show the precursor effect of glycine,

 it must be added at least every two hours. The same thing should be considered in

 all cases, when a precursor effect of a nutrient is examined.References
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