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Pseudomonasfluorescens NCIB 11764 was capable of utilizing cyanate (OCN-) as a sole nitrogen source for
growth. Crude cell extracts from cells grown on cyanate, but not on ammonium sulfate, were induced for an
enzyme catalyzing cyanate conversion to ammonia. Enzymatic activity was shown to be bicarbonate dependent
and specific for cyanate as a substrate, suggesting that cyanate utilization in this organism is facilitated by an
enzyme resembling cyanase (cyanate amidohydrolase; EC 3.5.5.3), as described previously in Escherichu4 coli
and Flavobacterium sp.

Cyanase (cyanate amidohydrolase; EC 3.5.5.3) is an en-
zyme that catalyzes the hydrolysis of cyanate to ammonia
and bicarbonate: OCN- + H+ + 2H20 = NH4+ + HC03-.
It has been shown to occur in Escherichia coli (3, 24, 25),
Flavobacterium sp. (5), and plants (15, 16). In E. coli it is
induced by cyanate and consists of 8 to 10 identical subunits
with a molecular weight of 16,350 (3). Recently, the cynS
gene encoding cyanase in E. coli K-12 was identified and the
sequence was determined (22, 23). A characteristic feature
of the enzyme is its unusual requirement for bicarbonate for
catalytic activity (3-5). However, despite a variety of studies
describing the physical and kinetic properties of this en-
zyme, its physiological role remains uncertain.
The toxicity of cyanate has long been recognized (20), and

it has been suggested that one role of cyanase in E. coli may
be to prevent the toxic effects of cyanate (3, 7). This
hypothesis is supported by reports that cyanase-deficient
mutants are more sensitive to cyanate, which among other
effects (21) has been shown to specifically inhibit carbamoyl
phosphate synthase and, thus, arginine biosynthesis (7, 8).
In addition, it is known that cyanase confers on E. coli the
ability to utilize cyanate as a sole nitrogen source (7, 23). The
importance of these capabilities, however, remains to be
resolved since the chemical origin of cyanate in nature is
unclear. As far as is known, cyanate is not a product of any
metabolic reaction, although it is known to arise from the
spontaneous decomposition of carbamoyl compounds such
as urea and carbamoylphosphate (1, 9). Hence, it has been
proposed that one role for cyanase may be to maintain
tolerable levels of toxic cyanate in the cell (3).

Systematic studies on the metabolism of cyanate by bac-
teria have not been conducted; however, Guilloton and
Karst (7) did report that 60% of E. coli, 92% ofPseudomonas
aeruginosa, and 100% of Serratia marcescens strains tested
were resistant to this compound. In contrast, no strains of
Proteus, Streptococcuis faecalis, or Staphylococcus aureus
were resistant, which they suggested was due to the lack of
cyanase in these organisms, although this remains to be
verified. To learn more about cyanate metabolism in bacte-
ria, we examined whether this compound could serve as a
source of nitrogen for the growth of Pseudomonas fluores-
cens NCIB 11764. This organism was chosen for study since
it has the unusual capability of assimilating cyanide as a sole
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nitrogen source for growth (10-12, 18), and cyanate has been
proposed as a possible intermediate in this process (12). We
reasoned, therefore, that cyanate might also support the
growth of this organism and report here that cyanase is
responsible for this ability.

All experiments were conducted with P. fluorescens
NCIB 11764, which was obtained from the National Collec-
tion of Marine and Industrial Bacteria, Torrey, Scotland.
Cells were grown in minimal medium containing 67 mM
KH2PO4 (pH 7.0) and inorganic salts consisting of 0.04%
MgSO4- 7H20 and 0.001% FeSO4 7H20, as described
previously (13), with glucose serving as a carbon source (20
mM). For the growth curves described in Fig. 1, cells were
initially cultured on 10 mM ammonium sulfate and washed 3
times in 50 mM sodium-potassium phosphate buffer (pH 7.0)
before a 4% inoculum was provided to flasks containing
either cyanate (KOCN) or (NH4)2SO4 as the sole nitrogen
source. KOCN (99%) was purchased from Aldrich Chemical
Co., Inc. (Milwaukee, Wis.), and was recrystallized before
use from a water-ethanol mixture as described by Scatter-
good (19). The recrystallized compound was then stored
under P20, in a vacuum desiccator before use. Since cyanate
undergoes slow spontaneous hydrolysis (2, 7), stock solu-
tions for growth tests and enzyme assays were prepared just
prior to use. All other compounds were of the highest purity
commercially available.

Cells used for the preparation of cell extracts were grown
overnight in 1 liter of the same minimal medium described
above containing either KOCN or (NH4)2SO4 as the sole
nitrogen source. To test the effect of ammonia on cyanase
synthesis, cells were grown in either minimal medium con-
taining (NH4)2SO4 (10 mM) or in broth described by Lennox
(14), each of which was supplemented with KOCN (5 mM).
Inocula for all cultures were pregrown on the same medium
and provided at 0.5% (vol/vol). Crude cell extracts were
prepared as described earlier (13), and their protein content
was determined by the method of Lowry et al. (17). Cyanase
was assayed by measuring ammonia formation at 30°C
essentially as described by Anderson (3). The standard assay
mixture contained the following (in 5 to 10 ml): 50 mM
KH2PO4 (pH 7.5), 3 mM bicarbonate, 2 mM KOCN, and
crude extract (0.1 to 2 mg of protein per ml). Following the
addition of enzyme, 0.5-ml samples were removed at inter-
vals and mixed with an equal volume of Nessler reagent (1:3;
Sigma Chemical Co., St. Louis, Mo.), and the A420 was read.
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FIG. 2. Conversion of cyanate to ammonia by crude cell extracts

containing cyanase from P. fluiorescens NCIB 11764. Reaction
mixtures contained 0.5 mM KOCN and crude extract (4 mg of

0 1 2 24 36 48 60 72 protein) in the standard assay mixture described in the text. At the
indicated times, 1.0-ml samples were withdrawn and analyzed for

Time (h) cyanate (A) and ammonia (0).
FIG. 1. Growth of P. fluorescens NCIB 11764 in glucose (20

mM) minimal medium supplied with the following sources of nitro-
gen: (NH4)2SO4 (10 mM) (-); KOCN (0.5, 5, 10, and 20 mM; A, A,

El, and *, respectively); and control (no fixed nitrogen) (x).

Cyanate was determined by using a modification of the
procedure described by Guilloton and Karst (6) involving
cyclization with anthranilic acid to give 2,4-(1H,3H)-quina-
zolinedione; the latter gives a characteristic maximum at
A310. For this purpose, equal volumes (0.5 ml) of sample and
10 mM anthranilic acid were mixed at pH 4 to 5 and heated
at 40°C for 10 min. The final pH of this mixture was critical
since coupling at higher pH values is unfavorable and lower
values result in cyanate hydrolysis prior to derivatization (6).
Following the 10-min incubation period, 1 ml of 6 N HCI was

added and the samples were again heated at 100°C for 1 min
before the A310 was read with a spectrophotometer (Ultro-
spec II; LKB Instruments, Inc., Rockville, Md.).

Figure 1 shows the growth results obtained after P.
fluorescens NCIB 11764 was cultivated in glucose minimal
medium containing either ammonia or cyanate as the sole
nitrogen source for growth. Although the growth rate was

less than half that observed on ammonia (generation time
[tgen], 1.0 h), cells grew readily on cyanate (5 mM) (tgcn'
3.4 h) after an initial lag period of 6 h. A comparison of the
growth results between separate cultures that were supplied
various concentrations of cyanate revealed that optimal
growth occurred at 5 mM. On 10 mM cyanate, a longer lag
period (approximately 12 h) accompanied by a slower
growth rate (tgen, 5.6 h) was observed, which presumably
could be attributed to cyanate toxicity. The complete ab-
sence of growth on 20 mM cyanate and the shorter lag period
(approximately 3 h) observed at low concentrations (e.g., 0.5
mM) are consistent with this hypothesis.

Figure 2 shows the results obtained when crude extracts
from cells of P. fluorescens NCIB 11764 grown on 2 mM
cyanate were incubated with cyanate and assayed simulta-
neously for ammonia formation and cyanate disappearance.
Cyanate was quickly consumed and converted quantitatively
to ammonia (molar ratio, 1.13 + 0.25 [n = 3]), which is
consistent with the expected stoichiometry for cyanase (3,
24). In all cases the rates of cyanate conversion in the
presence of cell extract were significantly higher than those
due to spontaneous hydrolysis (e.g., half-life = 27 h) (7),
indicating that this reaction was truly enzyme dependent.
Although the data are not shown, cyanase activity was found

to be bicarbonate dependent (e.g., the initial rates in the
presence of NaHCO3 were 2 times those observed in its
absence), and neither urea nor thiocyanate (KSCN) served
as a substrate. The specific activity of cyanase following
growth on 5 mM cyanate was 168 nmol min-' mg-' (±67
[n = 3]) but could not be detected in (NH4)2SO4 (10 mM)-

grown cells (<5 nmol min-' mg-'). We therefore concluded
that cyanase synthesis in this organism is inducible. These
findings parallel those reported previously for inducible
cyanase from E. coli (3) and Flavobacterium sp. (5) and
strongly support the hypothesis that a similar enzyme is
responsible for the growth of P. fluorescens NCIB 11764 on

cyanate. Moreover, activity was still present when cells
were grown in either ammonia-containing minimal medium
or the broth described by Lennox (14) supplemented with
cyanate (specific activity, 158 and 97 nmol min-1 mg-',
respectively), suggesting that no significant repression of
cyanase synthesis by ammonia occurs.

Harris and Knowles (12) reported the detection of cyanase
in P. fluorescens NCIB 11764 in a previous report, but no

details were presented. Results of our study verify these
earlier observations and provide the first evidence for the
existence of this enzyme in a representative member of the
genus Pseudomonas. The induction of this enzyme after
growth on cyanate and the conversion thereof to ammonia
by crude extracts provide strong evidence that this enzyme
is responsible for cyanate utilization. However, a detoxifi-
cation role cannot be excluded since induction by cyanate
still occurred when cells were grown in excess ammonia.
Nonetheless, results of this study support earlier hypotheses
that cyanase may play a role in the breakdown of cyanate,
which has been proposed as a hypothetical intermediate in
cyanide assimilation by this organism (11, 12). Additional
studies are needed, however, to establish unequivocally that
cyanate is an intermediate in this pathway before firm
conclusions regarding the origin of this compound and the
potential physiological role of cyanase in P. fluorescens
NCIB 11764 can be drawn.
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