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          Cellular uptake of habekacin, 1-N-(4-amino-2-hydroxybutyryl)dibekacin, was studied by 
      incubating exponentially growing culture of Esclzerichia coli Q13 and its kanamycin-resistant 

      mutants with [3H]habekacin. Kanamycin-resistant mutants, in which the resistance is due to 
       alteration of ribosomes, were cross-resistant to habekacin, and showed a lower uptake of 

      [3H]habekacin than the parental cells, suggesting that binding to ribosomes accelerates cellular 
      uptake of habekacin. Cellular accumulation of [3H]habekacin by wild type cells was markedly 

      inhibited by low temperature and by 2,4-dinitrophenol, suggesting that uptake of habekacin 
      involves energy-dependent transport. The uptake of [3H]habekacin was reduced by various 

      aminoglycoside antibiotics, suggesting common transport systems and/or common internal 
      binding sites on the ribosome. Intracellular accumulation of [3H]dibekacin was reduced by 

      habekacin, suggesting that both antibiotics possess a common transport system and/or common 
      binding sites on the ribosome. Dibekacin was a better competitor than amikacin, suggesting 

      that the dibekacin moiety of habekacin molecule, but not the 4-amino-2-hydroxybutyryl moiety, 
      participates in the transport and/or binding to the ribosome. Binding of [3H]habekacin to E. 

      coli ribosomes was reversed by various aminoglycosides and the degree of inhibition paralleled 
      the one of cellular uptake, suggesting that competition by aminoglycosides for the habekacin 

      uptake occurs at the ribosomal level. 

   Although bacterial uptake of aminoglycoside antibiotics has been extensively investigated`'',, the 

mechanism of uptake still remains to be determined. Kinetic studies have shown three sequential phases 

of cellular uptake: (1) an initial energy-independent ionic binding to the cell surface, (2) EDP-I (energy-

dependent phase I), a slow rate of uptake, and (3) EDP-II, an enhanced rate of uptake, which is initiated 

by binding of aminoglycoside antibiotics to ribosomes3`d'. The initial energy-independent process 

involves diffusion across the outer membrane of Gram-negative bacteria through the pores formed by 

porin proteins14) 

   Habekacin, 1-N-[(S)-4-amino-2-hydroxybutyryl]dibekacin, is a novel amino acid-containing amino-

glycoside antibiotic, with a broad antibacterial spectrum, including Pseudomonas aeruginosa, and 
some kanamycin-, gentamicin-, and tobramycin-resistant organisms-,131. Clinical investigations on 

habekacin are now in progress. 

   We have studied the mechanism of action of habekacin Electron microscopic examination has 

revealed that "blebs", derived from the outer membrane, are formed on cells treated with habekacin. 

Cytoplasmic contents leak into the lumina of blebs, and the membrane of some enlarged blebs is disrupt-

ed. In a cell-free system, habekacin binds to both 50S and 30S ribosomal subunits, interferes with pro-

tein synthesis, induces codon misreading, and inhibits the translocation process. 

   Since the cellular uptake of amino acid-containing aminoglycoside antibiotics, such as amikacin, 

fortimicin, and related substances, has been not well investigated, we have studied bacterial uptake of 

habekacin, and the results are presented in this publication.
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Materials and Methods

   Habekacin (Fig. 1), dibekacin, [3H]habekacin (44.4 mCi/mmol), and [3H]dibekacin (47.2 mCi/ 
mmol) were generously provided by Meiji Seika Kaisha, Ltd., Tokyo; and derivatives of habekacin, 
shown in Table 1, by Dr. H. UMEZAWA, Institute of Microbial Chemistry, Tokyo10,11)

   Kanamycin-resistant mutants were isolated after treating Escherichia coli Q13 with N-methyl-N'-
nitro-N-nitrosoguanidine8.9). The resistance of R1-4, R2-1 and R3-3 mutants was attributed to altera-
tions of the 30S ribosomal subunit, and that of R3-5 to a change in the 50S subunit. 
   Cellular uptake or accumulation of antibiotics was carried out by incubating [3H]habekacin or [3H]-
dibekacin with E. coil cells in the logarithmic phase of growth. The cells were collected on Millipore 
filters and washed with phosphate-buffered saline, and radioactivity was assayed in a scintillation 
counter. 
   The binding of [3H]habekacin to E. coli ribosomes was determined by equilibrium dialysis as describ-

ed previousl15). 

                                   Results 

            Uptake of [3H]Habekacin by Sensitive and Resistant Cells of E. coli 

   A culture of E. coli Q13 growing exponentially in nutrient broth was treated at zero time with 

[3H]habekacin (2 pg/ml). The cells accumulated the antibiotic, and the kinetics of habekacin uptake 

were linear for 30 minutes with the initial binding followed by a lag period of several minutes (Fig. 2). 

In a similar experiment, uptake of habekacin occurred in the kanamycin-resistant mutants, R1-4, R2-1,

Fig. 1. Structure of habekacin. Fig. 2. Cellular uptake of ['H]habekacin by E. coli 

 Q13 and its kanamycin-resistant mutants. 
   [3H]Habekacin (2 pg/ml) was added to an ex-

 ponentially growing culture of E. coil in nutrient 
 broth at zero time. 

   E. coli Q13 (A). Kanamycin-resistant mutants: 
 RI-4 (2), R2-1 (~), R3-3 (s), and R3-5 (•).

Table 1. The sensitivity of E. coil Q13 and its 
 kanamycin-resistant mutants to kanamycin and 
 habekacin.

Strain 

Parent 

RI-4 

R2-1 

R3-3 

R3-5

 Minimal inhibitory 
concentration (pg/ml)

Kanamycin 

      3.1 

  100 

  50 

  100 

  100

Habekacin 

    1.6 

 25 

 25 

 25 

 25

 The minimal inhibitory concentration was deter-
mined by agar streak method. The medium used 
was heart infusion agar (Difco). 
 Habekacin 1 ug/ mI=1.81 jim. Time (minutes)
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R3-3, and R3-5, to a much lower extent than in the sensitive parent strain (Fig. 2). All the resistant mu-

tants, in which the resistance is attributed to alteration of the ribosomess. , displayed cross-resistance to 

habekacin (Table 1). These results suggest that the binding to ribosomes accelerates cellular uptake of 

habekacin. 

        Effects of 2,4-Dinitrophenol and Low Temperature on [3H]Habekacin Uptake 

   Cellular accumulation of [3H]habekacin by E. coli Q13 was markedly inhibited by low temperature 

and by 2,4-dinitrophenol (2 mm) added at zero time or 15 minutes after the initial exposure to habekacin 

(Fig. 3). These results suggest that bacterial uptake of habekacin involves energy-dependent transport 

system. 

            Effects of Various Aminoglycoside Antibiotics and Their Components 

                          on Uptake of [3H]Habekacin 

   The accumulation of [3H]habekacin (21aM) in sensitive cells was reduced by the addition of dibekacin, 

and amikacin showed less effect than dibekacin. The results of kinetic studies, in comparison with the 

effect of unlabelled habekacin, are illustrated in Fig. 4.

Fig. 3. Inhibition of [3H]habekacin accumulation 
 in E. coli Q13 cells by 2,4-dinitrophenol and low 
  temperature. 
   [3H]Habekacin (2 ug/ml) was added at zero time 

 to an exponentially growing culture of E. coli in 
 nutrient broth. 

   Control (C). 2,4-Dinitrophenol was added to the 
 mixture at zero time (•) or at 15 minutes (C). The 
 culture was transferred to ice bath at zero time (•) 
 or at 15 minutes (s). 

   Both procedures, introduced at zero time, resulted 
 in the same degree of inhibition.

Time (minutes)

Fig. 4. Kinetics of uptake of [3H]habekacin by E. 
 coli cells in the presence or absence of amikacin, 
 habekacin or dibekacin. 
   Cells of E. coli Q13, at the logarithmic phase of 

 growth, were incubated at 37°C with 2 um [3H]-
 habekacin in the presence of 10 uM amikacin (2~), 
 10 /iM habekacin (0) or 10 /tM dibekacin (C). 

 Control (C).

Time (minutes)
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Table 2. Relative uptake of [3H]habekacin by E. coli cells in the presence of various aminoglycoside anti-
   biotics and their components.

     Addition 

Habekacin (HBK) 

Dibekacin 

Amikacin 

Kanamycin 

Streptomycin 

Neamine 

Ribostamycin 

Neomycin 

Kasugamycin 

Dactimicin 

Fortimicin A

+2 uM 

 86 

 79 

 98 

 93 

 81 

 91 

 92 

 72 

 98 

 94 

 98

+ 10 /IM 

 63 

 44 

 86 

 85 

 76 

 87 

 83 

 29 

 93 

 81 

 81

      Addition 

6"-Deoxy-HBK 

4",6"-Dideoxy-HBK 

5-Deoxy-HBK 

5-Deoxy-6'-N-methyl-HBK 

5,6"-Dideoxy-HBK 

5,4",6"-Trideoxy-HBK 

4-Amino-2-hydroxybutyric 
acid 

3-Amino-3-deoxygl ucose 

2-Deoxystreptamine 

Glucose 

[3H]Habekacin

+2 ,ttM 

 87 

 91 

  85 

  89 

  84 

 97 

 101 

 110 

 110 

 102 

 171

+10pM 

  78 

  77 

  67 

  77 

  51 

  73 

 108 

 101 

 102 

 115 

 349

   The number represents relative uptake of [3H]habekacin, and 100 % uptake is 3.7 x 106 habekacin mole-
cules/cell. The exponentially growing cells of E. coil Q13 were incubated with 2 ,uM [3H]habekacin at 37°C 
for 15 minutes in the presence or absence of 2 jim or 10 pM antibiotic or its components, and transferred to ice 
bath.

   The bacterial uptake of [3H]habekacin was also decreased in the presence of kanamycin, strepto-

mycin, neamine, ribostamycin, neomycin, dactimicin, fortimicin A, 6"-deoxyhabekacin, 4",6"-dideoxy-

habekacin, 5-deoxyhabekacin, 5-deoxy-6'-N-methylhabekacin, 5,6"-dideoxyhabekacin, or 5,4",6"-

trideoxyhabekacin; but not by 4-amino-2-hydroxybutyric acid, 3-amino-3-deoxyglucose, 2-deoxystrept-

amine or glucose. Kasugamycin showed a marginal effect (Table 2). The results suggest that either 

the transport system for habekacin or the internal binding site, presumably the ribosome, is common to 

these antibiotics. Glucose addition increased the uptake of [3H]habekacin, probably because of energy 

supply. 

                      Uptake of [3H]Dibekacin by E. coli Q13 

   A culture of E. coli Q13 in the logarithmic phase of growth was incubated with [3H]dibekacin (2 ,tar) 

at 37'C for 15 minutes. The cells accumulated [3H]dibekacin as in the case of [3H]habekacin. The

Table 3. Relative uptake of [3H]dibekacin by E. 
 coli cells in the presence or absence of habekacin.

    Addition 

Dibekacin 

Habekacin 

[3H]Dibekacin

+2 µM 

  71 

  73 

 138

+10 /IM 

  42 

  61 

 228

 The number represents relative uptake of [3H]-
dibekacin, and 100 % uptake is 4.3 x 108 dibekacin 
molecules/cell. The exponentially growing cells of 
E. coli Q13 were incubated with 2 pM [3H]dibekacin 
at 37°C for 15 minutes in the presence or absence of 
habekacin, and transferred to ice bath.

Table 4. Relative binding of [3H]habekacin to E. 
 coli ribosomes in the presence of various amino-
 glycoside antibiotics.

    Addition 

Habekacin 

Dibekacin 

Amikacin 

Kanamycin 

Streptomycin 

Neomycin

-1 pM 

 80 

 82 

 86 

 94 

 90 

 68

 10 µM 

 48 

 67 

 75 

 80 

 81 

 46

 The number represents relative binding of [3H]-
habekacin to E. coli Q13 ribosomes, and 100% 
is the ratio of bound to free [3H]habekacin in the 
absence of antibiotics, which was 1.17. Equili-
brium dialysis was carried out, using 1 pM [3H]-
habekacin and 1 pM ribosomes.
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uptake of [3H]dibekacin was reduced by habekacin (Table 3). The results suggest that these antibiotics 

possess a common transport system or binding site on the ribosome. 

             Binding of [3H]Habekacin to E. coli Ribosomes in the Presence or 

                    Absence of Various Aminoglycoside Antibiotics 

   The effects of various aminoglycosides on the binding of [3H]habekacin to E. coli ribosomes were 

then studied, and the results are summarized in Table 4. The binding of habekacin was reduced by dibe-

kacin, amikacin, kanamycin, streptomycin, or neomycin. The grade of inhibition by the amino-

glycosides paralleled the one of cellular uptake (Table 2). The results support the assumption that the 

competition by the aminoglycosides for the bacterial uptake of habekacin occurs at the ribosomal level. 

                                    Discussion 

   The current experiments provide evidence that transport systems and ribosomal binding sites of 
habekacin are common to other aminoglycoside antibiotics. The kinetics of habekacin uptake (Fig. 2) 
are in accordance with the model of three sequential phases (EIP, EDP-I and EDP-II) typical for other 
aminoglycosides8r. The effect of habekacin is less than that of dibekacin on [3H]habekacin uptake 

(Fig. 4), suggesting a more (dibekacin) or less (amikacin) efficient competition for the same uptake 
channels and ribosomal binding sites. Competition by aminoglycosides for the cellular uptake of [3H]-
habekacin may occur on the ribosome, because the degree of inhibition by the aminoglycosides of [3H]-
habekacin binding to ribosomes was observed to parallel that of the cellular uptake. 
   From the viewpoint of cellular uptake and action on ribosomes, the present and previous" studies 
suggest that the antibacterial activity of habekacin is due to the dibekacin moiety of the molecule, and not 
to the 4-amino-2-hydroxybutyryl moiety. 
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