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AMINOGLYCOSIDE 6'-N-ACETYL-
TRANSFERASE OF PSEUDOMONAS 

 AERUGINOSA: STRUCTURAL 
     REQUIREMENTS OF 

       SUBSTRATE

Sir: 
 As reported previously,1-5) aminoglycoside 
6'-N-acetyltransferases [AAC(6')] in R factor-
carrying Escherichia coli and Pseudomonas 
aeruginosa are involved in the mechanism of 
resistance to several aminoglycoside antibiotics 
such as kanamycin, kanamycin B, 3',4'-
dideoxykanamycin B (DKB) and ribostamycin. 
Gentamicin C1a and sisomicin are acetylated 
by these enzymes6,7). In this paper, we report 
the structural requirements of the substrate 
for the action of AAC(6') prepared from a 
strain of P. aeruginosa.

 The supernatant (S-100) of 100,000g centri-
fugation of disrupted cells of P. aeruginosa 

GN315 was obtained by the method reported 

previously". Ten ml of the S-100 (60.2 mg 
protein per ml, total 42.1 u; 1 u was defined 
as the acetylation of 1 pmole of DKB per 
minute) was applied to an affinity column8) 

(DKB-Sepharose 4B, 10 ml) and AAC(6') was 
eluted with a linear gradient of sodium 

chloride from 0 to 1.0 M. The enzyme ap-

peared in the fraction eluted with 0.65 M 
sodium chloride (28.5 ml, 307 pg protein per 
ml, total 17.5 u), and 29.2-fold purification 

was achieved. 
 Activity of the enzyme was determined by 

the following procedure. The reaction mix-

ture (300,ul) contained 6.25~ 50 nmoles of 
antibiotic, 400 nmoles of acetyl coenzyme A, 
66 nCi of acetyl-1-14C-acetyl coenzyme A (56.2 

/1Ci/,cmole, New England Nuclear, Boston,

Mass.), 3 pmoles of magnesium acetate, 18 

pmoles of potassium chloride, 3 pmoles of 1, 
4-dithiothreitol, 301il of 100 mM phosphate 
buffer (pH 7.2) and 50 pl of the enzyme solu-
tion. After incubation for 15 minutes at 
37°C, the reaction was stopped by heating in 
a boiling water bath for 3 minutes, and the 
reaction mixture was diluted with 7 ml of 
water. The solution thus obtained was passed 
through a column of Amberlite CG-50 resin 

(NH4+ form, 1 ml), and the column was 
washed with 10 ml of water. The acetylated 
antibiotic adsorbed on the column was eluted 
with 3 ml of 4 N aqueous ammonia directly 
into a scintillation vial. Radioactivity (dpm) 
of the acetylated antibiotic was counted by a 
liquid scintillation system (Aloka LSC-653) 
with 8 ml of BRAY'S scintillator. In the case 
of methyl 2,6-diamino-2,6-dideoxy-a-D-gluco-

pyranoside (Me-2, 6-AG) as substrate, Dowex 
1-X4 resin (OH- form) was employed for the 
examination of the reaction mixture. 
 As shown in Table 1, AAC(6') of P. aerugi-
nosa GN315 transferred the acetyl to the 6'-
amino group of kanamycin, 4'-deoxykana-
mycin, amikacin, kanamycin B, tobramycin, 
DKB, neamine, ribostamycin, butirosins A 
and B, and gentamicin C1a. These antibiotics 
showed no inhibition of the growth of P. 
aeruginosa GN315 at 100 ug/ml. 6'-N-Alkyl 
compounds such as 6'-N-methylamikacin, 6'-
N-methyltobramycin and 6'-N-methyl-DKB 
were hardly acetylated, and inhibited the 

growth of this strain (MIC of 6.2525 pg/ml). 
Acylation of the I-amino group of kanamycin 
and DKB with (S)-4-amino-2-hydroxybutyric 
acid slightly decreased the 6'-N-acetylation, 
however, the 1-N-acylation of kanamycin B 
and neamine increased susceptibility to the 
6'-N-acetylation. Thus, the 1-amino group 
may be involved in the reaction of AAC(6'). 
It is noticeable that 6'-N-alkylation with 1-N-
acylation prevents the 6'-N-acetylation. 6'-N-
Methylamikacin, 6'-N-ethylamikacin, 1-N-[(S)-
4-amino-2-hydroxybutyryl] -6'- N-methyl- DKB, 
1-N-(DL-isoseryl)-6'-N-methyl-DKB and 1-N-

[(S)-5-amino-2-hydroxy-n-valeryl]-6'-N- methyl -
DKB were hardly acetylated. However, 6'-
N-ethylation decreased the antibacterial activity 
against both sensitive strains and P. aerugi-
nosa9). Acylation of the 3-amino group (3-N-

[(S)-4-amino-2-hydroxybutyryl]-DKB and 3-N-

          R1 R2 R3 

Konamycin OH OH 3-Amino-3-deoxy-oc-D-glucopyranosyl
Konamycin B NH2 OH 3-Amino-3-deoxy-d-D-glucopyranosyl 
Neomine NH2 OH OH 
Ribostamycin NH2 p-D-Ribofuronosyl OH
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acetylribostamycin) also prevented the 6'-N-
acetylation. This modification decreased the 
antibacterial activity. A 6'-N-acylated com-

pound, 6'-N-[(S)-4-amino-2-hydroxybutyryl]-
DKB, was not susceptible to the 6'-N-acetyla-
tion, but it has little antibacterial activity. 
Acylation of the 2'-amino group of DKB 
decreased the 6'-N-acetylation, and also de-

creased the antibacterial activity. Acylation 

of the 3"-amino group of DKB had no effect 
on the 6'-N-acetylation, and markedly 

decreased the antibacterial activity. From the 
fact that neamine is acetylated rapidly but 
Me-2,6-AG is not acetylated, the presence of 
2-deoxystreptamine was suggested to be neces-

sary for this enzyme reaction. Deoxygenation

Table 1. Acetylation of aminoglycoside antibiotics by AAC(6') and their minimal inhibitory 
   concentrations against P. aeruginosa GN315 and A3.

Antibiotics
  Acetylated 
product (nmole)

MIC (,ug/ml)

GN315 A3

Kanamycin 

6'-N-Methylkanamycin12) 

1-AHB-Kanamycin13) (amikacin) 

6'-N-Methylamikacin9) 

6'-N-Ethylamikacin9)

4'-Deoxykanamycin'4) 

Kanamycin B 
1-AHB-Kanamycin B15) 

3'-Deoxykanamycin B16) (tobramycin) 

6'-N-Methyltobramycin'°-> 

DKB17) 

6'-N-Methyl-DKB12) 

1-AHB-DKBI15) 

1-IS-6'-N-Methyl-DKB12) 

1-AHB-6'-N-Methyl-DKB18) 
1-AH V-6'-N-Methyl-DKB15)

3-AHB-DKB19) 
2'-AHB-DKB19) 

3"-AHB-DKB19) 

6'-AHB-DKB19)

Neamine 

I-AHB-Neamine 

3',4'-Dideoxyneamine20) 

Ribostamycin 

3-N-Acetylribostamycin21)
Butirosin A 

Butirosin B 

Gentamicin C1a 

Gentamicin C2 

Gentamicin C1 

Paromamine 

Kanamycin C 

Me-2,6-AG

7.64 

5.23 

6.36 

0.72 

0.56 

4.32 

4.89 

6.22 

4.25 

3.78 

11.53 

2.35 

6.44 

6.58 

2.88 

0.49 

1.43 

6.08 

13.62 

1.47 

5.58 

10.29 

8.74 

9.13 

3.56 

7.45 

6.39 

15.98 

2,07 

0.57 

0.12 

0.37 

0.00

> 100 

> 100 

 100 

  25 

 100 

> 100 

> 100 

  50 

> 100 

    6.25 

> 100 

   12.5 

  25 

   12.5 

    6.25 

   12.5 

> 100 

> 100 

> 100 

> 100 

> 100 

,>100 

> 100 

> 100

>100 

> 100 

 100 

   6.25 

  12.5 

> 100 

> 100

 50 

> 100 

   3.12 

   6.25 

 25 

   1.56 

 50 

   6.25 

   0.78 

   1.56 

   1.56 

   3.12 

   6.25 

   3.12 

   3.12 

   3.12 

> 100 

 100 

> 100 

 25 

> 100 

   3.12 

  50 

> 100

   6.25 

   6.25 

   3.12 

   6.25 

  12.5 

> 100 

> 100

inactive

inactive

Reaction mixture contained 50 nmoles of an antibiotic. MIC: minimal inhibitory concentrations 
   were determined by agar dilution streak method (nutrient agar, 37°C , 18 hours). 
AHB: N-[(S)-4-amino-2-hydroxybutyryl] IS: N-(DL-isoseryl) 
AHV: N-[(S)-5-amino-2-hydroxy-n-valeryl]
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of the 4'-hydroxyl group of kanamycin 
decreased the 6'-N-acetylation, and this 
hydroxyl group is probably involved in the 
reaction. However, dideoxygenation of the 
3'- and 4'-hydroxyl groups (3',4'-dideoxynea-
mine and DKB) increased the rate of the 6'-
N-acetylation. 
 The kinetic data are shown in Table 2. 

The values of Vmax/Km for the antibiotics 
indicate the degree of susceptibility to the 6'-
N-acetylation. 6'-N-Ethylamikacin, 1-N-[(S)-5-
amino-2-hydroxy-n-valeryl] -6'-N - methyl - DKB 
and gentamicin C, showed the lowest affinity 

(K_>_2 x 10-3M) to the enzyme, and these 
antibiotics were hardly acetylated. 6'-N-
Methylamikacin, 6'-N-methyl-DKB, 6'-N-
methyltobramycin and 6'-N-methylkanamycin 
showed a low affinity (Km 1-2 x 10-3M), and 
they were acetylated slowly. 1-N-(DL-Isoseryl)-
6'-N-methyl-DKB, l-N-[(S)-4-amino-2-hydroxy-
butyryl]-6'-N-methyl-DKB and gentamicin C2 
showed relatively high affinity (Km 4.431 x 
10-5 M), but low Vmax. It is noticeable that

amikacin, kanamycin B, tobramycin, DKB, 
neamine and ribostamycin over 83 /IM exhibit 
substrate inhibition against the reaction of 
AAC(6'). Kanamycin C and paromamine 
which do not have the 6'-amino group were 
non-competitive inhibitors, and K1 values were 
8.3 and 69.8 x 10-6M, respectively. 
 The data described above indicate that 

concurrent 6'-N-alkylation and 1-N-acylation 

yield active derivatives unsusceptible to the 
enzyme. Depending on the sources, 6'-N-
acetyltransferases are different in their substrate 
requirements10,11). The AAC(6') here studied 
one which has a low activity in acetylating 
6'-N-methyl derivative. 
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                   SHINICHI KONDO 

                    TOMIO TAKEUCHI 
                  HAMAO UMEZAWA 

      Institute of Microbial Chemistry 
       Kamiosaki, Shinagawa-ku, Tokyo, Japan 

         (Received April 16, 1975)

Table 2. Susceptibility of aminoglycoside antibiotics to AAC(6') of P. aeruginosa GN315.

Antibiotics  Km 
(x 10-6M)

    Vmax 

(nmole/min.)

Vmax/Km 
(x10-3)

Kanamycin 
6'-N-Methylkanamycin 

Amikacin 

6'-N-Methylamikacin 

6'-N-Ethylamikacin 

4'-Deoxykanamycin 

Kanamycin B 
1-AHB-Kanamycin B 

Tobramycin 

6'-N-Methyltobramycin 

DKB 

6'-N-Methyl-DKB 

1-AHB-DKB 

1-I S-6'-N-Methyl - D K B 
I-AHB-6'-N-Methyl-DK B 

1-A H V-6'-N-Methyl-D K B 

Gentamicin C1a 

Gentamicin C2 

Gentamicin C1 

Neamine 

Ribostamycin 

Butirosin B

   181.8 

 2,000.0 

    21.5 

 1,000.0 

> 2,000.0 

    32.8 

    38.1 

    35.9 

    55.6 

 1,067.0 

   200.0 

 1,667.0 

    67.0 

   181.8 

   310.0 

 2,000.0 

    80.0 

    44.4 

> 2,000.0 

    44.4 

   285.7 

    23.8

 1.43 

 1.43 

 0.63 

 0.40 

<0.02 

 0.69 

 0.42 

 0.63 

  1.25 

 0.23 

 5.00 

 1.33 

 1.25 

 0.95 

 0.23 

 0.33 

 1.82 

 0.22 

<0.02 

 0.95 

 6.66 

 0.63

 7.9 

 0.7 

29.3 

 0.4 

 0.0 

21.0 

I1.0 

17.5 

22,5 

 0.2 

25.0 

 0.8 

18.7 

 5.2 

 0,7 

 0.2 

22.8 

 5.0 

 0.0 

21,4 

23.3 

26.5

Km and Vmax were determined from LINEWEAVER-BURK plots. The enzyme concentration 
and the reaction time are constant in all cases.
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