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  POSSIBLE HOMOLOGY BETWEEN 

 GENES FOR TWO AMINOGLYCOSIDE 
   NUCLEOTIDYLTRANSFERASES, 

       AAD(3") AND ANT(2"): 
 AN EVOLUTIONARY RELATIONSHIP? 

Sir: 
  Four different plasmid-determined amino-

glycoside nucleotidyltransferases have been iden-
tified in clinically isolated resistant bacteria. 
As seen in Fig. 1, aminoglycoside 3"-adenylyl-
transferase [AAD(3")]1) and 6-adenylyltransferase 

[AAD(6)]2) transfer the adenylyl moiety of ATP 

(or deoxy-ATP) to the 3"- or 6-hydroxyl group of 
streptomycin. AAD(3") has also been shown to 

adenylylate spectinomycin at the 9-hydroxyl 

group3). Aminoglycoside 2"-nucleotidyltrans-
ferase [ANT(2")]4,5) and 4'-nucleotidyltransferase 

[ANT(4')]6 have been shown to transfer a 
nucleotide moiety from a nucleoside (or deoxy-

nucleoside) triphosphate to the 2"- or 4'-hydroxyl

group of the 2-deoxystreptamine antibiotics 

(Fig. 2). AAD(3") has been found in a variety 
of Gram-negative and Gram-positive organisms 

(Table 1); AAD(6) has also been detected in 
Staphylococci. ANT(2") is one of the most 
common forms of gentamicin/tobramycin resi-

stance in nosocomial Klebsiella infections. 
ANT(4') has been found in clinically isolated 

Staphylococci resistant to tobramycin and ami-
kacin, but sensitive to gentamicin and dibekacin. 

 As an aid to the purification and study of 
aminoglycoside-modifying enzymes, we are in the 

process of preparing small multicopy plasmids 
carrying the genes for these enzymes by recombi-

nant DNA techniques. The gene for ANT(2") 
has been cloned7) onto a mini-colicin El plasmid 

(pVH51) from two different R-plasmids, pJR66-b 
and pJR207. Fig. 3 shows EcoRl restriction 

digestion and agarose gel electrophoresis profiles 
of the recombinant plasmids; pMY26 obtained 

from the DNA fragments of pJR66-b, and

   pMYl8 obtained from those 

   of pJR207. Both recombi-

    nant plasmids contain 4 •~ 106 

    dalton fragments correspond-

   ing to the D-fragment of pJR 

   66-b (pMY26) and the F-

   fragment of pJR207 (pMY18), 

    respectively. In addition, the 

   D-fragment of pJR207 (4.6•~ 

    106) has been demonstrated 

   by gene cloning and DNA-

   RNA RNA hybridization studies to 

    carry the second copy of the 

   gene for ANT(2"). It is not 

   known if the gene for ANT 

    (2") is on a transposable ele-

    ment. 

     In hybridization studies 

    with the complementary 

   RNAs (cRNA) prepared from 

    the recombinant plasmids, 

   pMY26 and pMY18, using 

    the SOUTHERN nitrocellulose 

    blotting method8), we found 

    evidence for sequence homo-

   logy with other R-plasmids 

   not coding the gene for ANT 

   (2"), but for AAD(3"). In 

    fact, as shown in Fig. 4 and 

   Table 2, the EcoRl fragments 

   G of R-plasmids R100 and

Fig. 1. The substrate aminoglycoside antibiotics for AAD(3") 

   and 4AD(6).
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Fig. 2. The substrate aminoglycoside antibiotics for ANT(2") and ANT(4').
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AHB: s-4-Amino-2-hydroxybutyryl.

Table 1. R-Plasmid-determined aminoglycoside nucleotidylating enzymes.

  Enzyme 

Aminoglycoside 
3"-adenylyltransferase[AAD(3")] 

Aminoglycoside 
6-adenylyltransferase[AAD(6)] 

Aminoglycoside 
2"-nucleotidyltransferase 
[ANT(2")] 

Aminoglycoside 
4'-nucleotidyltransferase 
[ANT(4')]

      Origin 

   Shigella 

    Salmonella 

    Escherichia 

    Staphylococci 

    Streptococci 

    Staphylococci 

   Klebsiella 

    Pseudomonas 

    Staphylococci

     R-plasmid 

   RI00, R5 

   R6 

   ML1629* 

   pAT5 

   pJ H I 

  MS27* 

   pJR66, pJR207 

  POW* 

  A PO I * 

  PAL* 

  STE* 

   FK I09*

Substrate antibiotic 

Streptomycin 

Spectinomycin 

Streptomycin 

Kanamycin 

Tobramycin 

Gentamicin 

Amikacin 

Tobramycin 

Butirosin

* Strain number is indicated , the plasmid in the strain has not been named.
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R6 showed hybridization with the cRNA of 

pMY26 and pMY18; both G-fragments have 

been shown to contain the sequence coding for 

the adenylyltransferase AAD(3"). In addition, 

cRNA prepared from the recombinant colicin 

El-plasmids, CH-13 [constructed with an EcoRl 

fragment of R-plasmid R5 containing the gene 

for AAD,3")], hybridized to the DNA fragment 

of the parent plasmid, the G-fragments of R100 

and R6, the D-fragment of pJR66-b, the frag-

ments D and F of pJR207 and the 4 •~ 106 dal-

ton fragments of pMY26 and pMY18. The 

latter five fragments encode ANT(2").

 To summarize our conclusions, pJR66-b and 

pJR207 both possess EcoRl fragments of identical 

molecular weight (4 •~ 106) that encode ANT(2"); 

in addition, pJR207 possesses a larger EcoRl 

fragment (4.6 •~ 106) that encodes the second copy 

of the same gene. These two R-plasmids, of 

different compatibility groups, originated in clini-

cal isolates of Klebsiella pneumoniae of quite 

different geographical origins. Radioactive 

RNAs complementary to these ANT(2")-conta-

ining fragments were found to possess sequence 

homologies with EcoRl fragments encoding a 

different aminoglycoside modifying enzyme

Fig. 3. Agarose gel electrophoresis pattern of EcoRl 

 fragmen of parent R-plasmids, the recombinant 

 plasmids and mini-colicin EI (pVH51) plasmids.

Table 2 Hybridization of the complementary RNAs of pMY26 and pMYl8 with FcoRl fragments of 

   R-plasmids.

R-plasmid 

pJR6f-b 

pJR67 

pJR2C7 

R100 

R6 

CH-J.; 

pAT5 

pJH1

Hybridization 
of ~cRNA with 

  fragment 

D 

     D, F 

G 

G 

     A, B

Aminoglycoside inactivation enzyme for resistance to

Tm-Gm 

ANT(2") 

ANT(2")

 Sm 

APH(3") 

APH(3") 

AAD(3") 

AAD(3") 

AAD(3") 

AAD(3") 

AAD(3") 

AAD(3")

  Nm 

APH(3')-II 

APH(3')-II 

APH(3')-I 

APH(3')-l 

APH(3')-III 

APH(3')-III

Tin-Cm; tobramycin-gentamicin, Sm; streptomycin, Nm; neomycin, APH; aminoglycoside phospho-

transferase.

Fig. 4. Hybridization of cRNA of recombinant 

 plasmid with R-plasmid DNA.
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AAD(3"), from several sources. In addition, 

RNA complementary to AAD(3")-containing 

fragments hybridized to the DNA of the 

ANT(2")-containing fragments. 

  We have been unable to demonstrate any 

homology between ANT(2") or AAD(3") con-

taining fragments from Gram-negative organisms 

and R-plasmid DNA from Staphylococci or 

Streptococci, encoding the Gram-positive AAD 

(3"). Thus there appears to be homology be-

tween fragments encoding ANT(2") and AAD(3") 

of Gram-negative (Klebsiella, Shigella and Sal-

monella) origin, but not Gram-positive. 

  It is of interest to note that the genes for 

ANT(2") on two different Klebsiella R-plasmids 

of separate origin appear to be a common 

EcoRl fragment of 4.0 •~ 106 daltons; this implies 

that the two plasmids share larger regions of 

homology that contain the fragment encoding 

ANT(2"). The homologies that we detected 

between the ANT(2") and the AAD(3") frag-

ments may or not be associated with the coding 

sequence for the enzymes; they may be due to the 

presence of identical insertion elements (1S) 

present in DNA fragments encoding these genes in 

various plasmids. However, there exists the pos-

sibility that two R-plasmid-coded enzymes of 

similar function but different substrate ranges 

may have related sequences and thus be derived 

from a common origin. At the present time 

these enzymes have not been purified to homo-

geneity and immunological comparisons are not 

possible. 
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