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MISCODING ACTIVITY OF
AMINO SUGARS

Sir:
The primary site of action of aminoglyco

sidic antibiotics seems to be located in the
 bacterial ribosomal system. They inhibit

 protein synthesis in the cell-free system. Of

 this class, streptomycin, kanamycin, neo

mycin, paromomycin, gentamicin and hygro

mycin are believed to cause codon misread
ing, because they increase the incorporation

 of certain kinds of amino acids into poly

peptide in the ribosome-polyribonucleotide

 system^. On the contrary, kasugamycin and

 spectinomycin fail to increase the amino

 acid incorporation, although they inhibit

 polypeptide synthesis2>3).

For the purpose of elucidating the struc
tural basis of the diverse activities of amino

glycosides, the degradation products of
 kanamycin were investigated. It was demon

strated that deoxystreptamine, although the

 activity is low, stimulates both polyribonu

cleotide- and DNA-directed incorporation

 of amino acid into polypeptide; 3-amino-3
deoxyglucose and 6-amino-6-deoxyglucose
 do not exhibit any significant activity4).
The miscoding activity of other degrada
tion products of aminoglycosidic antibiotics
 has been further investigated and the results

 are presented in this communication.
Preparation of extracts, SRNA and ribo-

Table 1. Chemical structure of deoxystreptamine
 and its related compounds
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somes of E. coli B, heat denaturation of

 salmon sperm DNA, and incorporation of

 amino acid into polypeptide were performed

 as described in the previous papers4>5). The

 specific activities of 14C-amino acids used

 were serine 107 mc/mM, leucine 214 mc/mM,
 isoleucine 79.2 mc/mM, phenylalanine 222 me/

 mM, lysine 214 mc/mM, arginine 222 mc/mM,

 valine 4.8 mc/mM, threonine 143 mc/mM,

 proline 179 mc/mM and amino acids mixture

 of Chlorella hydrolysate 9.4 mc/mMC.

The effects of the degradation products of

 aminoglycosidic antibiotics on amino acid
 incorporation into polypeptide with poly U,

 poly A, poly C and heat-denatured salmon

 sperm DNA were studied in an E. coli cell
free system. They included deoxystrept

amine, streptamine, N-methyl-deoxystrept

amine, actinamine, paromamine and neamine
 (Table 1).
All of them except actinamine was ob
tained from Dr. K. Maeda, National Institute

 of Health, Tokyo. Actinamine was kindly

 supplied by Dr. G.B. Whit field, the Upjohn
 Company, Kalamazoo, Michigan. Some of
 them were further purified in our laboratory.All the samples used in this experiment were

 pure and no contamination with the amino

glycosidic antibiotics could be demonstrated
 by chemical and biological methods.The effect on amino acid incorporation

 with polyribonucleotide and that on DNA
directed protein synthesis were simulta

neously studied, because both seemed to be
due to a common mechanism5).
The incorporation of serine, leucine,
 isoleucine, phenylalanine and amino

 acid mixture with DNA was signifi

cantly increased by deoxystreptamine

 and streptamine at the concentration

 of 10~2m and 10~3m. Less increase of

 amino acid incorporation was observed

 with N-methyl-deoxystreptamine.Actinamine exhibited no significant

 activity. Paromamine and neamine
 increased the incorporation at the lower

 concentration (10~4m). However the

 activity of all the above substances

 was much lower than that of kana

mycin. The results are presented in
 Table 2.The incorporation of phenylalanine
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Table 2. Amino acid incorporation in the presence of the degradation
 products of aminoglycosidic antibiotics
T e m p la te D N A P o ly U

14C - a m in o a c id S er L e u l ieu P h e A A s P h e L eu l ieu S e r

C o n tr o l 1 0 0 1 0 0 10 0 10 0 1 0 0 1 0 0 l l 1 1

D eo x y s tr ep ta m in e 1 0 2 m 3 0 5 1 8 0 1 2 8 2 9 6 17 2 18 6 3 5 4 5

1 0 - 3 M 2 1 3 14 3 1 19 2 5 0 1 5 5 14 6 2 3 2 3

S tr e p ta m in e l O ~ 2 m 2 7 2 2 5 2 17 4 2 6 8 2 5 9 1 6 3 2 0 1 3

10 - 3 M 1 3 4 1 2 5 1 0 9 2 13 1 30 10 6 1 4 1

N -m e th y l- d e ox y s tr e p ta m in e 1 0 2 m 1 1 6 1 2 1 14 0 1 9 6 1 52 13 2 2 2 2

l O " 3 M 1 0 5 9 9 8 8 15 0 1 0 6 1 1 0 1 0

A ct in a m in e 1 0 " 2 m 9 4 9 5 8 0 10 3 7 5 9 1 8

1 0 - 3 M 12 5 10 8 1 1 2 1 5 4 1 1 5 9 7 1 5 1 2

P a r o m a m in e 1 0 i m 2 9 7 2 8 0 2 0 3 3 8 4 2 4 0 9 0 6 5 7 5

N ea m in e 1 0 " 4 m 3 6 0 24 6 1 8 9 4 5 0 2 7 7 7 8 4 1 8 8

K a n a m y c in l O ~ 5 m 1 ,4 3 0 9 7 0 8 2 0 1 ,3 9 0 4 2 8 7 3 8 7 8 l l

The incorporation of phenylalanine with poly U (100) was 194.2 //^moles/mg tyrosine equivalent.
The incorporation of amino acid with DNA (100) was 8.28 ju/umoles/mg tyrosine eq. for serine, 5.42
 for leucine, 2.48 for isoleucine, 3.10 for phenylalanine, 9.50 for amino acid mixture.
Incorporation of 14C-amino acid into polypeptide was performed following the method of Nirenberg
 and Matthaei6).
The reaction mixture contained : E. coli B S-30 fraction 700jug, poly U (A, C) 10/ug (heat
denatured salmon sperm DNA 60 jug), ATP 0.2 ^moles, creatine phosphate 1 jumole, creatine phos
phokinase 20 jug, E. coli B SRNA 30 jug and 14C-amino acid 0.1 juc in a volume of 0.2 ml
 The buffer employed consists of NH4C1 50 mM, Mg acetate 16 dim, 2-mercaptoethanol 6 him, Tris
 20mM, pH 7.8. It was incubated at 35°C for 30minutes,
 the reaction mixture consisting of 30,000x^ supernatant of E. coli B extract.The radioactivity of the hot TCA-insoluble fraction was determined by a windowless gas flow
 counter, and protein content by the method of Lowry.

Table 3. Amino acid incorporation In the presence of the degradation
products of aminoglycosidic antibiotics

T e m p la te P o ly A P o ly C

14C - a m in o a c id L y s A r g V a l S e r T h r P r o S e r T h r A r g L eu

C o n t ro l 1 0 0 9 2 1 1 1 0 0 4 4 1 0 3

D e o x y st re p t a m in e 1 0 2 m 1 3 5 1 6 1 2 7 4 2 1 1 2 6 2 0 2 6 2 2

l O " 3 M 1 1 2 1 4 1 0 4 3 1 6 5 1 5 1 2 2 1 8

S t re p ta m in e l O ~ 2 m 1 6 9 1 5 l l 9 6 2 4 2 1 7 1 5 2 9 1 3

1 0 - 3 M 1 3 0 9 5 4 1 1 7 9 6 8 1 6 1 0

N - m e th y l- d eo x y s tr ep ta m in e 1 0 2 m 1 3 0 l l 1 0 4 3 1 6 4 1 0 1 5 1 7

1 0 - 3 M 1 0 0 7 4 1 . 9 3 6 1 0 1 3 8

A c tin a m in e 1 0 2 m 9 8 4 3 1 8 2 1 4

1 0 -3 M 1 1 0 8 8 3 2 9 8 4 7 6 7

P a r om a m in e 1 0 4 m 1 0 4 2 0 1 7 1 2 6 2 2 5 3 0 2 9 4 7 3 2

N e a m in e 10 "4 m 9 5 2 6 2 2 1 0 9 15 1 2 9 1 8 3 6 2 6

K a n a m y c in l O ~5 m 8 1 3 4 3 0 1 9 1 5 17 7 3 7 4 1 8 4 3 4

The. inrnrnnration of lvsine with TDolv A
that of proline with poly C (100) was 52.8

(100) was 1,086 ^moles/mg tyrosine equivalent, and
jujumoles/mg tyrosine equivalent.

with poly U was increased by deoxystrept

amine, streptamine and N-methyl-deoxy

streptamine. By the method employed,

 actinamine and paromamine exhibited no

 significant effects, but neamine and kana

mycin inhibited its incorporation. The

incorporation of leucine, serine and isoleucine

 with poly U was stimulated by deoxystrepta

mine, streptamine and N-methyl-deoxy

streptamine, but not by actinamine. The de

gree of stimulation by deoxystreptamine was

 greater than with streptamine and N-methyl-
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streptamine. Paromamine and neamine
 increased the incorporation, The activity

 was higher than deoxystreptamine but lower
 than kanamycin. The results are summariz

ed in Table 2.The incorporation of lysine, arginine,

 valine, serine and threonine with poly A

 was stimulated by deoxystreptamine, strept

amine and N-methyl-deoxystreptamine, but

 not by actinamine. The grade of activity

 of deoxystreptamine and streptamine was
 higher than that of N-methyl-deoxystrept

amine. The incorporation except that of
 lysine was increased by paromamine, neamine

 and kanamycin. The incorporation of pro
line, serine, threonine, arginine and leucine

 with poly C was stimulated by deoxystrept

amine, streptamine and N-methyl-deoxyst

reptamine, but not by actinamine. The

 grade of stimulation was higher with deoxy

streptamine and streptamine than that with
 N-methyl-deoxystreptamine. The incorpo

ration was also stimulated by paromamine,

 neamine and kanamycin. The results are

 presented in Table 3.

In summary, the miscoding activity of

 paromamine and neamine was lower than
 that of kanamycin but higher than that of
 deoxystreptamine. The activity of strepta

mine was at the same level as or slightly
 less than deoxystreptamine. N-methyl
deoxystreptamine exhibited less activity than
 deoxystreptamine. Actinamine seemed to
 lack miscoding activity. The results in
dicated that the stereochemical structure of
 C2 position and free amino groups at Q and

C3 of deoxystreptamine may play an im

portant role in the miscoding activity of

 the amino glycosidic antibiotics (Table 1).
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