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Adaptations of Estuarine and Freshwater Phytoplankton
to Urea Decomposition
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The concentration-dependence of and the eftect of light on urea decomposition. and the suppression
of urca decomposition by ammonium were studicd to understand adaptations i phytoplankton
utilization of urea in the estuarine svstem of the Mankyung and Dongjin rivers and a hyperirophic
pond. Results of size-fractionation showed that bacterial fraction played o minor role (14%) in urea
decomposition in the estuary. However. the role of bacieria in urea decomposition seemed o increase
in a hvpertrophic pond. Natural phytoplankton communitics exhibited @ monophasic or biphasic
kinetics of urea decomposition over a wide range of concentration (upto 7.7 mM). The addition
of high concentration of ammonium and incubation of the cuphotic samples in the dark caused
reductions in the urea decomposition rates. It is suggested that understanding of adaptations in phyto-
plankton to urea decomposition would help to study the temporal and spatial varabilities of urea
decomposition rates in the field and the significance of urea in nitrogen cycle.
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INTRODUCTION

rmson ¢ al.

1985; Turley, 19835: Cho. 1988). It is

The distribution and utilization of urea in natu-
ral waters are well studied (Remsen. 1971; McCar-
thy. 1972; Remsen er al.. 1972: Eppley o al.. 1973
Mitamura and Saijo. 1980 : Kristiansen. 1983: Ha-

*Corresponding author

now concluded that urea compriscs a significant
nitrogen poo! in natural waters. and its decompo-
sition and utilization in the euphotic zonc are
mainly due to phytoplankton.

We were interested in dynamics of urca decom-
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position in two uniyue aquatic cnvironments. a
shallow and persistently mixed estuarine system
of the Mankyung and Dongjin rivers (Shim e dl.
1991) and a hypertrophic pond with high ammo-
nium concentration (usu. greater than 40 uM, Park.
1993). Thus. we considered major environmental
factors which would affect urea decomposition ra-
tes in two environments as follows: In the estuary
with strong tidal mixing. phytoplankton would ex-
perience diel light-dark cycles overlapped with
light-dark conditions exerted by the tidal mixing,
Some field studies showed that urea decomposi-
tion was light-dependent (Mitamura and Saijo,
1975. 1980: Webb and Haas. 1976). Thus. it seems
important to measurc how rapidly phytoplankton
respond to the fluctuating light conditions in the
estuary. Next. urea decomposition can be affected
by ammonium. For phytoplankton. it is recently
reported that even | yM ammonium cffectively re-
pressed the urease activity (Mitamura, 1986b). In
the estuary. greater than 10pM ammonium is of-
ten found (Park. 1993). Thus. the degree of repres-
sion in urea decomposition needs to be measured.
In a hypertrophic pond with high ammonium co-
neentration (greater than 40 uM). urease might be
totally suppressed by ammonium. Thus. it scems
interesting to know if phytoplankton have substa-
ntial urease activity even at such a high ammo-
nium concentration. Finally. concentration of urea
would be expected to change widely in estuaries
and freshwaters (Berman, 1974; Savidge and John-
ston. 1987). It is useful to know how phytoplank-
ton adapt over a wide range of urea concentration.
The effect of salinity on urea decomposition was
not considered here because salinity effect on urea
decomposition was reported to be minimal in a
temperate estuary (Savidge and Johnston, 1987).
In this report. we investigated the concentration-
dependence of and the effect of light on urea de-
composition. and the suppression of urca decom-
position by ammonium to understand adaptations
in phyvtoplankton 1o utilization of urea.

MATERIALS AND METHODS

Study areas and samiple collection
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Fig. 1. A map showing sampling stations during a study
period of October. 1992-October. 1993,

The estuarine system of the Mankyung and Do-
ngjin rivers is located at the midwest coast of Ko-
rea (126° 30E—126° 45'F. 35°45'N —35° S5'N. Fig.
1). The study area is a shallow (usually <10m
deep). well-mixed estuary with a large tidal-range
of 43m at its mouth (Lee and Kim. 1987 Shim
et al.. 1991). The other study area. a hypertrophic
pond. is located in Scoul National University in
Seoul. Korca. To measure the concentration-
dependence of urca decomposition. surface samples
were collected by a Niskin bottle (5/) at S 3
in the estuary (October 31, 1992) and in the mid-
dle of the pond (Junc 1. and November 5. 1992).
To measure the effects of light on urea decompo-
sition. samples were collected from Om and 3m
at Stn 7 (October 9. 1993) and from Om only at
Stn 7 (February 27. 1993) in the estuary. The sam-
ple from 3m depth on October 9. 1993 was from
the bottom of the euhotic zone: Secchi depth was
only 1.2m. To measurc the effects of ammonium
concentration on urca decomposition. samples
were collected at St 5 from Om and 10m in
the estuary (October 9. 1993) and from the surface
in the pond (November 4. 1993).

Determinarion of in situ urea decomposition rates

For the determination of urea decomposition
rates we followed basically the method of Cho
{(1988). The radio-respirometry was used to mea-
sure urca decomposition rates: S0 m/ aliquots were
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dispensed into sterilized, 300 m/ BOD bottles and
then 02um filter-sterilized “C-urea (sp. act. 55.3
mCi mmol . Amersham) was inoculated to attain
50 nCi per 50m/ (final concentratinn of added
urca of 46.5nM). The bottles were sealed with a
silicon stopper holding a plastic center well (Kon-
tes Glass Co.). Inside the plastic center well. an
accordian-folded piece of chromatograpny paper
(2cmX8cm: Toyo filter papers. No 2) moistened
with 02 m/ of monoethanolamine was contained
1o trap “CO- produced from "“C-urea decomposi-
tion. Samples were incubated under simulated in
situ conditions for 0.5—4h. After incubation. urea
decomposition was terminated by adding 1m/ of
2N H-SO, to liberate *CQO; in solution. To correct
for abiotic decomposition of urea. buffered forma-
lin-added controls were run with each set of sam-
ples. After 24 h, wells and accordian-folded pieces
were removed from the BOD bottles and placed
in scintillation vials containing 10 m/ of Lumagel.
The radioactivity was measured by a liquid scintl-
lation counter (Packard Tri-Cab. Model 2550)
using the external standard ratio method. All mea-
surements were done in at least duplicates. To de-
termine whether dissolved enzymes. bacteria, or
phytoplankion are important in urea decomposi-
tion. whole water and size-fractionated water sam-
ples through 0.2 um Nuclepore filiers and What-
man GF/C filters were incubated with addition
of “C-urea as above. Since some portion (<30%)
of bacteria might be retained on GF/C filters in
the estuary (Lee er al.. 1991), the urea decomposi-
tion activity in bacterial fraction would be conser-
vative estimate (see Discussion). Urea decomposi-
tion rates (V) were calculated as follows: V=(V{
X SY(AgXt) where Vy is the activity of the libera-
ted “COx: S. in situ concentration of urea; Ay, the
radioactivity of added urea: and t. duration of in-
cubation (Turley, 1985). Effects of ammonium on
urea decomposition were measured by adding va-
rious concentrations of ammonium (up t0 2.5mM)
1o the samples and comparing the urca decompo-
sition rates with raw control.

Kinetic analysis of urea decomposition

The kinetics of urea decomposition was carried

by adding "C-urca and non-labelled urea to whole
or size-fractionated water samples to add concent-
rations in the range of 1—2600uM for ecstuarine
samples (stn 3; Oct. 31, 1992) and 1— 7700 pM for
freshwater samples. Formalin-added controls were
run simuhancously. The data followed Michaelis-
Menten kinetics. which can be described by the
following equation: V=(V X S)/(S+K,) where V
is the velocity of urca decomposition at a given
concentration of urca (S). V... is the maximum
decomposition rate at saturated concentration of
urea. and K,, is the concentration of urea at which
the decomposition rate is V,./2. The Lincweaver-
Burk transformation was used 10 estimate Vo and
K. as follows: IV=(K,/V,u)X(1/S)+ 1/V

Other analvses

Urea concentrations were determined by the
diacetyl monoxime thiosemicarbazide method des-
cribed by Price and Harrison (1987). Samples for
the analysis of urea were filtered through GF/C
glass fibre filters and stored at —20°C for the sub-
sequent analysis. Ammonium concentrations were
measured according to Grasshoff er al. (1983). Wa-
ter temperature and salinity were measured with
a T-S Bridge (Hydro-Bios type MCS5). Regression
analysis was done for kinetics data using a SAS
statistical software package.

RESULTS
Physico-chemical characieristics of the environments

Physical and chemical parameters for the exa-
mined samples in this stdy are shown in Table
1. In the estuary. temperature ranged from 3.0 to
20.8°C. Salinity showed a small vanation from 29.3
1o 33.7%0. Ammonium concentrations ranged from
undetectable to 11.0uM. Urea concentrations
ranged from 0.1 to 2.2 pM. In a hypertrophic pond
temperature ranged from 156 to 255%C and urca
concentration from 2.3 to 3.5uM.

Kinetics of urea dcconmposition

Urea decomposition in estuarine samples (Fig. 2
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Table 1. Sampling date. station {(stn). temperature. salinit. urea. and ammoninm concentrations n the 2stuarine svstem
of the Mankvung and Dongjin rvers and a hypertraphic pond during a study period of June 1992 to November

1993

Sampling date

Nov. 4. 1993 0

Stn Depth Temperature Salinity Urca NH,"
(m) (°C) (o) (M) (2M)
Estuan
Oct31. 1992 3 0 16.5 337 1.5 110
Feb.27. 1993 7 0 30 298 0.1 6.0
Oct. 9. 1993 5 0 20.8 302 10 N.ID*
10 19.8 29.3 20 N.D.
7 0 200 298 1.2 71
3 200 310 22 70
Hypertrophic pond
Jun. . 1992 0 25.8 - 35
Nov. 5. 1992 0 56 - 24
17.5 - 23 468

*N.D.. not detected

a) showed biphasic kinetics over a wide range of
(15--2602 M), The
Burk plot generated two lines: one with Vi, of
lonMh ! and K, of 04pM. the other Vi, of
79aMh ' and K, of 10L1pM. In this sample.
GE/C filtrates including most of bacterial fraction

concentration Linewcaver-

comprised a minor portion (5.7%) of total activity.
Thus. phytoplankton seemed to be responsible for
the observed kinetics. In a hypertrophic pond ki-
netic analyses of urea decomposition showed bi-
phasic or monophasic kinetics (Fig. 2b & ¢). When
hiphasic kinetics appeared. one line had V. of
004 uMh ' and K,, of 1.1 yM. and the other had
V.. of 0.62uMh ' and K., of 2088 uM (Fig 2b).
When monophasic kinetics was observed, value
of Vo was 005uMh ' and that of K, 769uM
(Fig. 2c). Interestingly. in contrast to the raw water
sample with monophasic kinetics, dissolved enz-
yme fraction showed biphasic Kkinetics with
values of K, of 004 yM and 2020 uM (Fig. 2¢). Also.
the GF/C filtrate including some portion of bacte-
rial assemblages and dissolved urease comprised
a small portion (16.6%) of total activity.

Effect of light on urea decomposition

Two time-course cxperiments in the estuary
showed that surface samples incubated in the dark
showed gradual decrease within 4 h (Fig.3a & b)

whereas surface samples incubated under the in

situ Tight rematned relatively unchanged or increa-
sed. A similar uend was found for the bottom
sample (near the bottom of the euphotic zone.
Fig. 3¢). Interestingly. urea decomposition activity
was higher in bottom sampie than at the surface.
During the incubation any substantial changes in
urea concentration were not found (not shown).

Effect of ammonium on wrea decoraposition

Addition of ammonium always caused decreases
in urea decomposition rates (Fig 4a-<c). Interesti-
ngly. in cstuarine samples from the aphotic zone
addition of 40 yM ammonium did not cause subs-
tantial decrease in urca decomposition (Fig. 4b).
However. for the surface sample. elimination of
urea decomposition activity was observed at 40 uM
ammonium added (Fig.4a). Urea concentration
was 1.0puM at the surface and 20uM at the bot-
tom. but ammonium was undetectable in both sa-
mples (Table 1). In a hypertrophic pond where
high concentration of ammoium were found (47
uM). substantial rates (1.6—289nMh™") of urea
decomposition were observed in the examined sa-
mples. Addition of 0.5 mM of ammonium caused
suppression of urea decomposition activity to half
(Fig. 4c). In onc set of experiment. addition of am-
monium greater than SmM completely inhibited

urea decomposition (not shown).
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Fig. 2. Lineweaver-Burk plots of urea decomposition. (a)
Surface samples from the estarine sysiem (sta-
tion 3) of the Mankyung and Donjin rivers on
October 31, 1992. Two curves are v=065+024x
(Vimax=16nMh™". K,=04uM) and y=0.13+12,
88Xx(Viax=790nMh "', K,=10L1uM). (b) & (c)
Samples from the surface of a hypertrophic pond
collected on June 1 and November 5. 1992. respe-
ctively. For samples of June. wo curves are y=0.
0259+ 0.029%(V 1 = 0.04 uMh . K= 1.1 uM), and
y=00016+0336x(V,,, =062 Mh ' K,=2088
pM). For sampies of November. for raw freshwa-
ter (@) v=002+ 1.52x(V,,, =306 nMh ™", K,=76.
9uM). for <02pm fraction () y=37+0.1x
(Vaen =027 nMh . K, =004 uM) and v=0.14+19.
98x(Vaax=10.11 nMh ™" K, =202.0 uM). Here, y
denotes 1/V and x denotes 1/S. where V represe-
nts urea decomposition rate (nMh ™) and S urea
concentration (uM).

DISCUSSION

Phytoplankton seem to be the major agents of
urea decomposition in the estuary on the basis
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Fig. 3. Effect of light on urea decomposition in the es-
tuarine system (station 7) of the Mankyung and
Dongjin nivers. (a) Samples collected from the su-
rface in February 27. 1993. (b) Samples collected
from the surface, and (¢} those from 3 m in Oclo-
ber 9, 1993. Open symbols represent samples in-
cubated in simulated jn sme light: closed ones
in the dark.

of size-fractionation data. However. it must be co-
nsidered that in the estuary ca <30% of bacteria
could be retained on GF/C filters (Lee er al.. 1991).
Thus. some bacterial urease activity might have
been included as a part of phytoplankton ureolvtic
activity. Since the maximum value of per-bacte-
rum urea decomposition rates in marine environ-
ments are reported to be 0.32 amol cell 'h ' (Cho
er al.. unpublished data). the contribution of large
bacteria would he ca 0.1 nMh ' il we used 1X1(°
cells 1" (Cho and Shim. 1992). This would be
about &% of the total urca decomposition activity
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Fig. 4. Effect of ammonium concentration on ured deco-
mposition. (a) Samples from the surface of the
estuarine system of the Mankyung and Dongjin
rivers (station 5: Oct 9. 1993) were incubated in
simulated in sine light and (b) those from 10m
in the dark. () Surface samples from the surface
of a hypertrophic pond (Nov. 4. 1993) were incu-
bated under in sty light

(1.2 nMh" ). Thus. bacteria including dissolved free
urcase seem to be minor (14%) contributors 10
urea decomposition in the estuary. This small co-
ntribution of bacteria to urea decomposition in
the estuary are consistent with other observations
(Turlev. 1985: Cho. 1988). For the hypertrophic
pond. per-bacteriuin  urea decomposition  rates
have not been reported. But, examination of data
of Park (1993) indicates that values of per-bacte-
rium urea decomposition rates in the hypertrophic
pond would be similar to those in marine enviro-
nments. If we use the above value of 0.32 amol
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cell 'h ! for the pond and bacteria caught on
GE/C filter of 4—10X 10 cells 1 . then, the con-
tribution of the large bacteria would be ca 13-32
nMh~". This would be a substantial contribution
to the total urca decomposition. Thus. contribution
of phytoplankton to urca decomposition in the
pond. measurcd by size-fractionation using GF/C
filters. could be substantially over-estimated. This
would require careful interpretation on the results
of the pond.

The kinetics of urea decomposition from our
study suggests that natural communities of estua-
rine phytoplankton can utilize urea over a widc
range of concentration (Upto 26 mM). A biphasic
Kinetics for urea decomposition. consisted of onc
linear curve with an apparent K., value of 0.4 uM
and another with K, of 1011 uM. was observed
(Fig. 2a). Our values of Ve and K., of the estua-
rine samples were close to the values (range of
V. 023-6.18nMb ™\ range of K. 45— 635 nM:
Savidge and Hutley. 1977) reported for a temperate
estuary. However. one Kn value of 10L1uM is
much larger than the reported values. Savidge and
Hudey (1977) reported complex kinetics of urea
decomposition in small size-fraction: of coastal wa-
ters. indicating superposition of several kinetics by
a range of phytoplankton in the sample. Our re-
sult also might suggest that two communities of
phytoplankton with different affinities to urea exi-
sted together in the water sample. One subgroup
of phytoplankton seemed to be exposed to near
saturation and well adapted to the environmental
concentration of urea (1.5pM). However, the pre-
sence of Kq, of 101.1 pM was intriguing. Since such
a high concentration of urea has not been repor-
ted in the pelagic environments, it might be found
in sediment environments (Nakas and Litchfield.
1977). Further, since majority of phytoplankton in
the estuary are tychopelagic. the high K, might
be found in benthic diatoms living in sediment
with high urea concentration. The multiphasic de-
composition kinetics would provide some metabo-
lic flexibility 1o phytoplankton over widely cha-
nging conditions of urea concentration.

In a hypertrophic pond. biphasic kinetics was
also observed with similar magnitudes of K, va
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lues found in the estuary. We are not aware ol

literature reporting K, values of urca decomposi-
tion for freshwater phytoplankton. However. K,,
values for “N-urea uptake are available (Mita-
mura. 1986a). Mitamura (1986a) reporicd a range
of K, from 0035 to 22uM. If we assumc our K,
values are solely derived from phytoplankton and
compare them with the reported values. our K
values were generally on the large side of the
range or larger than the reported ones. However,
it should be determined if bacteria are aiso respo-
nsible for the observed biphasic kinetics in the
pond. Interestingly. in the dissolved fraction. bi-
phasic kinetics was found. We think this is the
first report on kinetic analysis on dissolved urease
enzymes. Thus. we can not compare our results
with other studies. It seemed that one K, value
of 2020uM had phytoplankton origin. However.
other K, value was 0.04 uM. Since such a high
affinity K., was found for marine bactena (Cho.
1988: manuscript in prep.). we think that both ba-
cterial and phytoplankton urcase enzymes existed
in 0.2 um filtrate. The high K, value in the filtrate
was greater than K, value found in raw water
(76.9 uM). Thus. the dissolved urease might be de-
rived from previously existed community of phyto-
plankton.

One noteworthy observation from our results
was that substantial activitics of urea decomposi-
tion (1.6—289nMh™") occurred in spite of high
concentration of ammonium (>40 pM) in a hyper-
trophic pond. Since phytoplankton urea decompo-
sition have been reported 0 be suppressed by ad-
dition of pM level of ammonium (McCarthy and
Eppley. 1972: Mitamura. 1986b). thus. we were n-
terested in how much more ammonium concent-
ration would be required to completely suppress
urca decomposition activities in the hypertrophic
pond. Surprisingly. to reduce the in situ urea deco-
mposition activity to half. addition of high ammo-
nium concentration (>500 uM) was required. indi-
cating that phytoplankton adapted to such high
concentrations of ammonium. In the estuary. ad-
dition of high concentration of ammoium (200 uM)
also caused suppression of urease activity. Howe-
ver, we suspect that inhibition of urease activity

in the estuany wis rather complicatedly regulated.
When bottom samples were incubated in the dark.
moderately high concentration (40 uM. final conc.)
of ammonium was not eftective to suppress urca
decomposition. This can not be interpreted as ba-
cterial decomposition of urea because urea deco-
mposition by natural marine bacteria are reported
to be completely repressed by 50 uM of ammo-
nium (Cho. 1988). On the contrary. under light
addition of 40 pM ammonium (final conc) was
effective 1o repress urea decomposition activity of
the surface samples. Thus. light seemed 10 cause
repression of urca decomposition at the moderately
lugh concentration of ammonium. However. when
bottom samples (from 3m) with relatively lower
ammonium concentration (final concentration of
7 uM) were exposed to light, urea decomposition
rate was not inhibited and actually increased (Fig.
3¢). Thus. interaction of light and moderaiely high
concentration (e.g. 40 uM) of ammonium seemed
to suppress urea decomposition activity in the es-
tuary. Although further investigations are needed
to confirm this interpretation. it might be assumed
that light-stimulated phytoplankton growth would
prefer ammonium o urca and thercby suppressing
urea decomposition activity. However. dark adap-
ted phvtoplankion would retain urea decomposi-
tion activity cven under moderately high concent-
ration of ammonium during a short exposure (e.g.
4h incubation in our experiment).

Qur findings of biochemical characteristics of
urea decomposition and light-dependence of urea
decomposition would aid to understand the varia-
bility of vertical distribution of urea decomposition
in water column in the estwary and to understand
shori-term temporal variability in urea decomposi-
tion activiies in a hypertrophic pond. In a tidally
well-mixed cstuarine svstem of the Mankyung and
Dongjin rivers. phytoplankton would experience
frequent fluctuations of light and dark conditions
due to vertical mixing. Mitamura and Saijo (1975)
reported the 7.3 fold difference in urea decomposi-
tion activity hetween light and dark incubated sa-
mples in Mikawa Bay. but Silva (1985) reported
the small difference (usu. <2 fold) similar to our
results in the tidally well-mixed Menai Straits. This
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weak dependence of hight on urca decomposition
activities may be due to strong tidal mixing.

Phytoplankton below the cuphotic zone might
still keep urea decomposition activity until surfa-
cing in the next tidal cycle. When exposed to light.
dark-adapted phytoplankton would increase acti-
vity within a short time (ca 2 h), enabling them
10 be ready for the use of urea. However, in this
situation high ammonium concentration (>40 uyM)
could be critical to the utilization of urea and
cause suppression of urea decomposition. Such
high concentrations of ammonium could be often
found in the estuary (Park. 1993). Thus. light-dark
cycles due 1o tidal mixing overlapped with high
ammonium concentration {>40 uM) could largely
influence vertical distribution of urca decomposing
activitics in the estuary. Similar discussion could
be applied to a hypertrophic pond: the short-term
temporal variability of urea decomposition might
be explained by changes in urea concentration,
adaptation to light-dark cycles. and inhibiton of
high ammonium concentration.

In conclusion. understanding of biochemical
aduptations in phytoplankton to urea decomposi-
tion would be prerequisite to study the temporal
and spatial variabilities ol urea decomposition
rates in the field.
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