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Abstract 

Competition in the uptake of methylamine/ammonium 

by phytoplankton and bacteria 

U. Horstmann and H.G. Hoppe

lnstitut fur Meereskunde an der Universitat Kiel, 
Kiel, Germany 

14C and 3H methylamine, ammonium analogues, were used to study the competitive 
NH4 + uptake by cultured and natural phytoplankton and bacteria populations. The 
tracer experiments, performed by liquid scintillation techniques and microa'utoradio
graphy, give evidence of competitive NH4 + uptake by bacteria and phytoplankton in 
oligotrophic and mesotrophic waters of the Baltic Sea. In eutrophic waters the uptake 
of the ammonium analogue was low especially for bacteria. Decreasing light intensity 
increased the methylamine uptake by bacteria compared to phytoplankton. Bacteria, 
competing with phytoplankton for dissolved ammonia in oligotrophic Baltic water, 
apparently do not play an important role in nitrogen remineralization. The significance 
of other decomposers is discussed. 

Introduction 

Remineralization in the sea, the breakdown of photosynthetically produced organic 
matter to mineral nutrients, is believed to be primarily accomplished by bacteria. 
Other processes leading to decomposition include autolysis and enzymatic 
breakdown by zooplankton organisms. Quantitatively, little is known of the importance 
of the different decomposition pathways. GOLTERMAN (1973), using cultures and 
experimental ponds, gave evidence of bacterial mineralization and the release of 
ammonia. In coastal waters measurements of nitrogen mineralization were made by 
HARRISON (1978). He concluded that microplankton < 183 (J,m "presumably 
microzooplankton and bacteria" are the primary nitrogen mineralizers. It is evident 
that the role of bacteria as nitrogen mineralizers in the marine environment is not fully 
understood. It seems that depending on the chemical composition of their nutritional 
source bacteria can be producers of dissolved ammonia as well as consumers. This 
prompted us to determine if removal of NH4 + - N from sea water is affected 
significantly by bacteria as well as by phytoplankton. 

We used labelled methylamine (14CH3NH2) to explore the competitive NH4 uptake by
bacteria and phytoplankton. 14C-methylamine has proved useful as a highly sensitive
and easily detectable analogue when considering NH4 + uptake by fungi (HACKETTE et 
al. 1970, ROON et al. 1975), planktonic bacteria and algae (STEVENSON and SILVER 
1977, VINCENT 1979, WHEELER 1979), and benthic algae (WHEELER 1978, 1980). In all 
these investigations the methylamine uptake is depressed or inhibited by the addition 
of ammonium ions, suggesting that the methylamine uptake system functions as an 
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ammonium permease for phytoplankton and bacteria, excluding those microorga
nisms which are capable of growth on C

1 
compounds as a carbon source (BELLION et 

al. 1980, COLBY et al. 1979). 

Material and methods 

Water samples containing natural plankton populations were taken from the eutrophic 
Kiel Fjord and the mesotrophic Kiel Bight, three stations in the open Western Baltic 
and from stations exhibiting different degrees of eutrophication in the Finnish 
Archipelago west of Helsinki. 

All samples were prefiltered through a plankton net (150 (J.m mesh) to exclude large 
zooplankton organisms. 14C-methylamine hydrochloride (specific activity 48 mCi per 
mmol) (New England Nuclear) was added at amounts of 4 (J.Ci per 50 ml or 20 (J.Ci per 
250 ml sample and were incubated in 100 ml and 500 ml Sovirel bottles respectively 
either in situ or in an incubator. The incubation times varied from 10 minutes to four 
hours. Controls were run with chilled samples (0°C - 0,5°C) as well as with formalin
fixed samples. Samples were filtered immediately after incubation. The fraction 
containing most of the phytoplankton was collected on a 3 1J.m Unipore membrane 
filter, and the 3 vm filtrate containing most of the bacteria was subsequently filtered 
through a 0,2 (J.m membrane filter. Test filtrations with 1 1J.m filters were occasionally
undertaken to estimate the amount of phytoplankton < 3 fJ.m. Filters of large diameter 
(50 mm) were used to minimize the filtration time and to avoid fixation of the samples 
before filtering. The different fractions were analysed by liquid scintillation counting 
after dissolving the filters in a dioxan cocktail containing 120 g/1 naphthalin and 
5.5 g/1 permablend. 

Dissolved inorganic NH4 + and N03 - were quantified using a standardized method 
(GRASSHOFF 1976). Phytoplankton and total bacterial counts and biomass 
determinations were made in order to calculate the uptake efficiencies of the two 
components involved. Possible respiration of 14 CH3NH2 to 14 C02 was tested according 
to HOBBIE and CRAWFORD (1969). The 14C-methylamine samples were incubated in 
flasks each with a small cup containing a filter strip soaked with 10 % KOH mounted to 
the lid. After a 4 hour incubation the samples were acidified with 2,5 molar H2S04 fixed 
with formalin and gently agitated for a further 4 h. After this procedure the radioactivity 
of the filter strips was measured. 

Microautoradiographic screening was performed on 10 ml samples incubated for 4 
hours with 5 (J.Ci of 3H-methylamine hydrochloride, fixed with 0,5 ml of formalin (40 %) 
and filtered through 0,2 [J.m Nuclepore membrane filters. Prefixed controls were run in 
order to detect non-biological adsorption of the tracer. The filters were applied to an X
ray stripping film as described by HOPPE (1978). Standard development and fixation of 
the X-ray film was undertaken after 14 days of exposure. Microscopic observations and 
microphotographs were performed with bright field equipment 10 x 63 (ZEISS). Since 
adsorption of the label to particles was negligible, agglomerations of silver grains in 
the X-ray film could be attributed to active uptake of the label by bacteria or algae 
depending on the shape and size of the resulting spots. 

Bacterial total counts and biomass estimates were performed with acridine orange 
stain and epifluorescence microscopy. 

Results 

Methylamine uptake by bacteria and phytoplankton was significantly higher in waters 
with a low concentration of inorganic N-compounds. Kiel Fjord water samples 
containing 2, 1 vmol NH4 + -NII and 5,6 (J.mol N03-N/I (Fig. 1), when compared with 
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Uptake of methylamine as an ammonia analogue by phytoplankton > 3 1J.m and bacteria > 
0,2 (J.m in Kiel Fjord (A) and in Kiel Bight (B) 
Biomass: (A) bacteria 50 1J.g/l, phytoplankton 1 100 fJ.g/1 

(B) bacteria 37 1J.g/l, phytoplankton 2 400 /J.g/1
Natural concentrations of dissolved N-compounds: 

(A) N0
3 = 5,63 p. mol, NH4 = 2,14 fJ· mol

(B) N0
3 

= 0,94 p. mol, NH4 = 0, 18 fJ· mol

samples from Kiel Bight where natural ammonium concentration was 0,18 (J.mol (N03 

= 0,94 (J.mol), showed an uptake of methylamine that was lower by one order of 
magnitude. 

The bacterial biomass estimated by direct counts was only slightly higher in Kiel Fjord 
(50 (J.mol) than in Kiel Bight (37 (J.mol). The phytoplankton biomass (calculated from 
chlorophyll a data using the factor 80) was found to be higher in Kiel Bight (2400 (J. g/1) 
than in the eutrophic waters of Kiel Fjord (1100 F· g/1). 

A similar pattern of CH3
NH2 uptake by phytoplankton and bacteria was observed in the 

mesotrophic and eutrophic fjords west of Helsinki, (Table 1). In eutrophic waters, 
where there is a high concentration of dissolved ammonia, the phytoplankton were 
found to have a higher 14C-methylamine uptake rate than the bacteria. In the fjords 
where lower amounts of dissolved inorganic N compounds were registered, the 
fraction on the 0,2 (J.m filter had assimilated only half of the quantity of methylamine 
detected on the 3 (J.m filter. 

Table 1 

Uptake of 14C methylamine-ammonia by phytoplankton > 3 F· and bacteria > 0,2 v with 
increasing NH4 + concentrations in fjords of different degree of eutrophication. 

Samples: W off Helsinki; incubation time 4 h. 

N0
3 

NH4 3
[L 0,2 (J. counts/min 

1. Eutrophic Fjord 12,2 61,3 1 502 287 
2. Mesotrophic Fjord 13,3 16,2 3 721 890 
3. Meso-oligotrophic Fjord 7,2 6,4 5 154 2 777 

0... 

4-

ot__ __ ---- -
0 1 
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Increasing amounts of ammonium (NH4CI) added to a water sample from the Western 
Baltic with low natural nitrate and ammonium concentrations (N03 = 0,01 p.mol; NH4 

= 1,34 (J.mol) significantly depressed the uptake of methylamine by phytoplankton as 
well as by bacteria (Table 2). 

Table 2 

Methylamine-uptake with increasing amounts of ammonium added. 

Samples: SW Baltic off Bornholm; incubation time 4 h. 

NH4 + Addition ') v [J, 0,2 (J, counts/min 

Control 1 848 938 

No3- 0,01; NH4 + 1 ,34) 

+ 4 (J.mol NH4 + 718 507 

+ 10 [J.mol NH4 + 326 120 

+ 50 (J.mol NH4 + 14 179 

Exposure of near-surface samples to decreasing light intensities after adding 14C
methylamine resulted in an increase of methylamine metabolism for the 0,2 (J.m 
fraction (Table 3). A significant decrease in the label uptake with decreasing light was 
observed only for the phytoplankton fraction. 

With the exception of the dark-light experiments, where no results were obtained, the 
3H-labelled methylamine microautoradiography confirmed the quantitative data of the
14C-methylamine experiments. Figure 2 shows four examples of 3H microautoradio
graphs which give evidence of the high uptake of the label by bacteria compared to 
phytoplankton. 

Discussion 

The 14C-methylamine data supported by the 3H-methylamine autoradiographs indicate 
a high bacterial uptake of a dissolved ammonium analogue, especially in waters with 
low natural N03 and NH4 concentrations. 

The fact that increasing amounts of dissolved ammonia apparently dilute the 14C
ammonium analogue as evidenced by the decreased uptake rates suggests that 
bacterial uptake of CH3 + as carbon source plays a minor role. A certain amount of 
methylamine, however, is probably metabolized by microorganisms which utilize C1 

compounds as an energy source (COLBY et al. 1979, BELLION et al. 1980). 

Table 3 

Methylamine uptake at different degrees of light. 

Samples: SW Baltic off Bornholm; incubation time 8 h. 

Light conditions 

Full light (surface) 

Dimmed light (50 % light depth) 

Dark incubation 

3 (J, 0,2 p. counts/min 

3 670 970 

2 230 1 940 

2 480 2 150 
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3H-methylamine-microautoradiographs showing uptake of the label by a, Ceratium spec. and

Chaetoceros spec. from eutrophic waters and autoradiographs from b, Rhizoso/enia spec. c,

Prorocentrum spec. and d, Ceratium spec. from oligotrophic waters.

In b, c and d the uptake of label by bacteria in oligotrophic waters is clearly visible. 

b 

d 
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The ability of methylamine to act as an ammonium analogue and penetrate the cell 
membrane via the ammonium permease system of algae and microorganisms is 
considered by a number of authors to be proven (HACKETTE et al. 1970, STEVENSON 
and SILVER 1977, WHEELER 1979), and in this respect no additional experiments were 
undertaken. This also concerns the objection of A. Oren (personal communication), 
who commented that the methylamine uptake is a diffusion process and therefore a 
.function of extra- and intracellulary pH difference independant of an active NH4 + 
transport across the cell membrane. Currently, parallel experiments with 15N are being 
undertaken to obtain final evidence. 

Experimental results suggest competition in NH
4 + -uptake between bacteria and aigae. 

To explain these results, we have tried to calculate the surplus of P and N when 
phytoplankton is remineralized from the C :N :P ratios of phytoplankton and bacteria. 
Unfortunately, almost no C :N :P data for natural bacteria populations exist and it is 
difficult to estimate accurately the amount of metabolic carbon needed by bacteria. 
However, taking C :N :P data of SCHLEGEL (1969) into consideration (C :N :P = 
100 :20-30 :4-12) and comparing them with phytoplankton data of STRICKLAND (1960) 
(C-N-P = 100 :12-20 :1,8-3,5) one can generally assume that the C-N ratio of bacteria is 
lower than that of phytoplankton. Therefore, only a small amount of nitrogen will be set 
free when natural populations of phytoplankton are decomposed, especially 
considering the turnover time for organic nitrogen from decaying phytoplankton 
(3 - 14 days). In oligotrophic waters of the Baltic Sea apparently additional dissolved 
nitrogen is required when phytoplankton is being decomposed by bacteria. 

These conclusions support the current discussions considering the importance of 
remineralizers other than bacteria. Remineralization may occur directly by the activity 
of herbivorous zooplankton or, as K.H. MANN emphasized in 1972, indirectly by 
bacteria which feed on decaying algae, metabolizing the carbon, and accumulating all 
the nitrogen. The microbes hereby reduce the relatively high C :N ratio of algal 
biomass and convert it into a protein-rich grazer diet. It is the bacteria grazers which 
finally set free the nitrogen. In the pelagic food web this would most likely be the 
protozooplankton e.g. ciliates feeding on bacteria. 

To date we have insufficient evidence to state that these processes do occur in a wide 
variety of different marine environments but it seems that, especially in oligotrophic 
waters, remineralization via microzooplankton plays a greater role than via direct 
decomposition of phytoplankton by bacteria. 
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