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The genetic loci determining N-acetylglucosamine-6-phosphate deacetylase
and glucosamine-6-phosphate deaminase have been located at min 16 on the
Escherichia coli K-12 genetic map.

Amino sugars in Escherichia coli are found
in at least two major macromolecules of the
cell envelope, peptidoglycan and lipopolysac-
charide. The use of mutant strains lacking the
enzymes concerned in amino sugar metabolism
(Fig. 1) thus should be of value in cell envelope
studies, and the construction of strains lacking
glucosamine-6-phosphate deaminase should
prove a useful way of increasing the specificity
of incorporation of radioactively labeled glu-
cosamine into the envelope. In wild-type cells
exogenous glucosamine is largely routed into
dissimilatory pathways via glycolysis (2, 5).
Recently both Sarvas (3) and Wu and Wu (6)

described the isolation of mutants lacking glu-
cosamine-6-phosphate synthetase, the respon-
sible mutation being mapped in the glmS gene
at min 74 on the genetic map by Wu and Wu
(6). Mutants lacking either N-acetylglu-
cosamine-6-phosphate deacetylase or glucosa-
mine-6-phosphate deaminase have been iso-
lated by White (5), and both he and Dobrogosz
have investigated some aspects of the physi-
ology of the mutants (1, 2, 5). We report here
the mapping of the mutations affecting these
enzymes and, because the most readily observ-
able phenotype of these strains is an inability
to grow on N-acetylglucosamine as sole carbon
source; we propose to name the gene for the
deacetylase nagA and that for the deaminase
nagB.
To map the nagA and nagB genes, sponta-

neous streptomycin-resistant derivatives of
White's deacetylaseless and deaminaseless
strains were prepared. These were then used as
recipients in conjugation experiments with a
range of nine donor strains with different ori-
gins of chromosome transfer. We found that
strain KA6 (carrying the F8 episome) trans-
ferred the ability to grow on 0.2% N-acetylglu-

cosamine as carbon source (Nag' phenotype)
within a few minutes of mixing with either re-
cipient, but that an HfrC donor did not
transfer Nag+ early. Both nagA and nagB
therefore must lie between the origin of chro-
mosome transfer of HfrC at min 13 and that of
F8 at min 17 (Fig. 2).
Transduction experiments, following the

methods of Young et al. (7), were performed in
which bacteriophage Plkc was propagated on
nagA- or nagB- strains and used to intro-
duce wild-type alleles into strains with muta-
tions in a number of the genes in the 13- to 17-
min region (Fig. 2). It was found that both
nagA and nagB were cotransducible with ubiF
at frequencies of 69 and 72%o and with gltA at
frequencies of 15 and 17%, respectively. Be-
cause ubiF and gltA are only 9% cotransduc-
ible, the nag markers must lie between them,
close to min 16 on the map (Fig. 2).
These results suggested that the deacetylase

and deaminase genes were very close to each
other, and their linkage was confirmed by
using P1 grown on a nagA- strain to introduce
into a nagB- strain the ability to grow on glu-
cosamine as carbon source. The transductants
were tested for their ability to grow on N-ace-
tylglucosamine, and it was found that 240 out
of 246 transductants (97.6%) had received the
nagA- character along with nagB+. Because
the absence of deaminase precludes growth on
N-acetylglucosamine, it is not possible to per-
form the precise reciprocal transduction (in-
vestigation of the inheritance of nagB- as an
unselected marker among nagA+ transduc-
tants). However, when a recipient, which car-
ries both nagA- and an unlinked met- muta-
tion, was used in a transduction with a nagB-
donor, in one experiment 5,180 transductants
were obtained when met+ was selected, but
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The data presented above place the nagA
and nagB genes at min 16 on the E. coli K-12
linkage map. Deacetylase and deaminase are

inducible enzymes, both being induced by N-
acetylglucosamine, but only the deaminase
being induced by glucosamine (5). The ex-

tremely close linkage of the two genes seems

likely to have some significance with regard to
the regulation of their expression.

We would like to thank R. J. White and I. G. Young for
providing us with E. coli strains.
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