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Abstract

Amino acids constitute a potentially important source of nitrogen for plants in boreal
forest ecosystems. Accordingly, it may be suggested that distinct plant species differing
abilities to take up amino acids constitutes an important factor in determining plant
ecosystem composition. Using GC-MS and isotopically labelled amino acids, we
measured the simultaneous uptake of 15 different amino acids by 31 common boreal
forest plant species. The results from this study show that all plant species tested,
representing a wide variety of plant types, have the ability to take up amino acids from an
incubation solution. Furthermore, uptake rates were unrelated to mycorrhizal
associations as well as habitat soil amino acid concentrations and plant nitrogen
availability dependence as measured by Ellenberg nitrogen indicator values. These results
suggest that mycorrhiza is of minor importance for discrete plant amino acid uptake
rates and further points out the potential importance of amino acids to plant nitrogen

nutrition in boreal forest ecosystems.
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INTRODUCTION

During the last decade, a number of studies have confirmed
eatlier reports showing uptake of amino acids by plants (e.g.
Miller & Schmidt 1965; Newton 1974; Chapin e# a/. 1993).
Although the ability of plants to take up and use amino acids
as a source of nitrogen is becoming widely accepted, the
mechanisms behind this uptake as well as its actual
importance in the field are not well understood.

Nitrogen is generally a limited resource in the boreal
forest, and nitrogen availability is one of the factors
regulating growth in these ecosystems. Since amino acids
constitute a relatively large patt of plant available nitrogen in
boreal forest soils (Ivarson & Sowden 1969; Nisholm ez al.
1998), it may be argued that the ability to take up these
compounds may be an important factor in determining
plant ecosystem composition in the boreal forest.

In order to test the importance of the type of mycorrhizal
connections, habitat and Ellenberg’s nitrogen indicator
values for amino acid uptake rates by different plant species,
we conducted a study testing uptake of 15 different
universally (U—BC, 15N) labelled amino acids simultaneously
by 31 different plant species. The different species were
taken from six different habitats of the boreal forest
exhibiting differing soil amino acid content. The species
were chosen to represent a wide range of plant types and to
include natively nonmycorrhizal, as well as arbuscular
mycorrhizal, ericoid- and ectomycorrhizal species. The total
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amino acid uptake rates of the different species were
subsequently related to mycorrhizal connections, habitat soil
amino acid concentrations and Ellenberg’s nitrogen indica-
tor values as a measure of plant dependence on nitrogen
availability.

The results show that amino acid uptake is a common
feature of plants growing in boreal forest habitats of greatly
varying types. Furthermore, uptake of amino acids was not
correlated to either mycorrhizal type, soil amino acid
concentrations or Ellenberg’s nitrogen indicator values.

MATERIALS AND METHODS

Fine roots from 31 differing plant species from six different
locations were carefully removed from the soil and kept
moist during transport to the laboratory. Roots were cleaned
and carefully rinsed under tap water and thereafter
incubated in a solution containing 15 universally (U-">C,
>N, >98%) labelled amino acids at a total concentration of
941 pM for 20 min. The amino acid concentration used is
within range of K, found for amino acid uptake of a range
of differing plant species (e.g. Kielland 1994; Boorer &
Fischer 1997).

Individual amino acid concentrations in the incubation
solution were; Ala 98 uM, Gly 99 pM, Val 52 pM, Leu
97 uM, Ile 37 pM, Pro 68 pM, Met 8 uM, Ser 47 uM, Thr
46 pM, Phe 33 uM, Asp 86 uM, Glu 85 pM, Lys 112 uM,
Arg 47 uM and Tyr 26 pM.
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In order to keep root functioning intact for all of the
widely differing plant species used in this study, pH of the
incubation solutions was set to 6.8 (Schubert e a/. 1980).
Each species was replicated 4-5 times (# = 4 or 5).

Root cleaning, extraction, SPE-putification and GC-MS
analysis was performed according to Persson and Nisholm
(in press). In short, root amino acids were extracted using
10 mM HCI and the resulting extracts were purified using
strong cation exchange (SCX) SPE-cartridges. The resulting
purified amino acid extracts were derivatized to their zer.-
butyltrimethylsilyl (tBDMS) derivatives. The detivatized
amino acids were separated on a 30-m Chrompack CP-Sil
5 MS capillary column and subsequently mass analysed on a
Vatrian Saturn 2000 ion trap mass spectrometer. Amino acid
uptake was quantified by measuring the mass peak resulting
from the added universally labelled amino acids in the mass
spektra from each individual amino acid.

Soil samples (7 = 4) from each sampling location were
collected and extracted by 10 mL of sterilized water. Soil
extracts were analysed for amino acid content by HPLC
according to Nisholm e 4/ (1987). Labeled amino acids
were obtained from Cambridge Isotope Laboratories
(Cambridge, MA). Mycorrhizal connections were deduced
after Harley & Harley (1987). Ellenberg nitrogen indicator
values were taken from Ellenberg ez a/. (1992).

Plant amino acid uptake rates were grouped and made
subject to ANOVA. Uptake rates of the individual amino acids
from all species were pooled and made subject to correlation
analysis. All statistics were performed using Statview 5.0
statistical software.

RESULTS

Roots from all species acquired amino acids from the
solution at total rates varying between 0.25 and 9.2 umol gﬁ1
DW h (2.71 + 0.47 pmol g' DW h; mean * SE) (Table 1).
All plant species did not take up all of the different amino
acids (data not shown). Total uptake of amino acids was not
related to plant-mycorrhizal connections (nonmycorrhizal,
arbuscular-, ericoid- or ectomycorrhizal) (Fig. 1a). Nor
could we find any relation between total amino acid uptake
and habitat soil amino acid concentrations or Ellenberg
nitrogen indicator values (Fig. 1b, c).

Uptake rates of the individual amino acids were not
correlated to abundance in the uptake solution. The uptake
of Asp, Glu and Tyr was very low (0.033 £ 0.007,
0.004 £ 0.004 and 0.004 + 0.002 pmol g~' DW h, mean
+ SE, respectively) by all species. Apart from the low uptake
of the acid amino acids, no correlation between charge or
polarity and uptake of the individual amino acids was found
(data not shown).

Normalized relative uptake rates (corrected for relative
abundance in the incubation solution) of all amino acids

are shown in Fig. 2. Normalized uptake rates of Gly, Val,
Leu, Ile, Pro, Ser, Thr, Phe and Lys exhibited strong
positive correlation to each others (r= 0.783-0.973) as
well as to total uptake rates (r= 0.777-0.931) (data not
shown).

DISCUSSION

The results presented in this study indicate that the ability to
acquite exogenous amino acids is a widespread character
among boreal forest plants. This supports earlier studies
suggesting amino acid uptake to be a common feature of
plants from widely differing habitats (e.g. Kaye & Hart 1997;
Schmidt & Stewart 1999). Although varying greatly between
individual species, mean amino acid uptake rates found in
this study (2.71 + 0.47 pmol g~' DW h) are in the range of
uninduced nitrate and ammonium uptake rates at similar
concentrations recorded in several studies of a number of
differing plants (e.g. Aslam e# a/. 1992; Kielland 1994; Hogh-
Jensen et al. 1997; Min e al. 2000). The present study does
not account, however, for soil-amino acid interactions or
plant—plant and plant-microorganism competition. There-
fore the uptake rates recorded here cannot be used as a
measurement of the importance of amino acids for plant
nitrogen nutrition in the field.

Amino acid uptake rates varied greatly between plant
species, but were not significantly related to the type of
mycorrhizal connections of the plant. Plant maintaining
arbuscular-, ericoid or ectomycorrhiza as well as nonmy-
corrhizal plants apparently took up amino acids at similar
rates. Thus, this study implies that the type of plant—
mycorrhizal connections have an inferior role in determin-
ing the ability of plant roots to take up amino acids.

These results, however, do not rule out an important role
of mycorrhiza for long-term plant uptake of amino acids in
the field, since the ability of ericoid- and ectomycorrhiza to
release exogenous proteolytic enzymes (Chalot & Brun
1998) may be of great importance for the release of amino
acids from complex soil compounds. This ability, combined
with the surface-extending role of mycorrhiza for plant
roots, may be of great importance in the exploitation of
amino acids for plant nitrogen nutrition.

Although the varying uptake rates recorded between
species could be an effect of the expression of amino acid
transport systems with differing affinities (Fischer ef a/.
1998) due to growth in habitats with differing soil amino
acid concentrations, we could not find any relation between
habitat soil amino acid concentrations and measured uptake
rates (Fig. 1b).

By using GC-MS and isotopically labelled amino acids, we
were able to follow the uptake of 15 different amino acids
simultaneously. This allows for a better simulation of field
conditions where plant roots encounter a wide range of
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Table 1 Root uptake rates, mycorrhizal connections, habitat soil amino acid concentrations and individual species Ellenberg nitrogen

indicator values of the 31 species tested

Mycorrhiza Soil aa Ellenberg NIV

Species Uptake rate (nmol g~ soil DW) concentration (umol g™ root DW h)
Carex canescens 0.32 = 0.17 non 5103 2
Carex magellanica 0.72 £ 0.05 non 5%+03 n.a.
Cornus suecia 4.07 £ 0.76 non 68 + 4 2
Melampyrum pratense 0.74 £ 0.15 non 29 £2 2
Potentilla palustris 5.69 = 0.81 non 92+ 19 2
Rumex acetosella 1.90 + 0.34 non 29 + 2 2
Silene dioica 0.56 = 0.04 non 27 £ 4 8
Achillea millefolium 222 + 0.11 AM 5+03 5
Agtrostis capillaris 5.81 £ 0.77 AM 5103 4
Calamagrostis canescens 1.24 £ 0.17 AM 27+ 4 5
Dechampsia caespitosa 4.32 £ 0.61 AM 27+ 4 3
Juniperus communis 4.70 + 0.48 AM/EM 29 + 2 n.a.
Maianthemum bifolium 0.25 = 0.06 AM 330 = 124 3
Molinia caerulea 9.22 + 1.32 AM 27 4 2
Paris quadrifolia 1.00 = 0.09 AM 27 + 4 7
Ranunculus acris 2.52 + 0.39 AM 5+03 n.a.
Rubus idaeus 0.59 + 0.12 AM 29 £ 2 6
Sorbus aucupatia 0.63 £ 0.02 AM 29 + 2 n.a.
Trientalis europaea 217 £0.27 AM 330 + 124 2
Viola epipsila 6.89 + 0.28 AM 27 £ 4 2
Andromeda polifolia 8.13 £ 1.07 ErM 68 + 4 1
Calluna vulgaris 1.28 = 0.28 E:tM 68 = 4 1
Ledum palustre 2.76 + 0.26 ErM 68 + 4 2
Vaccinium myrtillus 3.76 £ 0.21 EfM 330 + 124 3
Vaccinium oxycoccus 0.35 + 0.11 ErtM 92+ 19 1
Vaccinium vitis-idaea 0.45 + 0.04 ErM 29 £ 2 1
Betula pendula 7.57 £ 0.71 EM 330 + 124 n.a.
Picea abies 2.29 + 0.15 EM 330 = 124 n.a.
Pinus sylvestris 0.65 + 0.16 EM 29 £ 2 n.a.
Populus tremula 0.67 £ 0.07 EM 330 + 124 n.a.
Salix repens 0.63 £ 0.02 EM 92+ 19 n.a.

Aa denotes amino acid. Uptake rates are quoted in pmol g71 root DW h. Non denotes nonmycorrhizal; AM, ExtM and EM denotes arbuscular

mycorrhizal, ericoid and ectomycorrhizal, respectively. Amino acid soil concentrations are quoted in nmol gﬁl soil DW. N.a. in the Ellenberg
NIV column denotes not applicable (plant species having no Ellenberg NIV). Values presented are means * SE.

compounds, a large advantage over studies utilizing only one
compound.

The uptake rate correlations found between differing
amino acids when pooling all species suggest that similar,
but not necessarily equal, uptake mechanisms or transport
systems were responsible for uptake in most species. The
very low uptake rates found for Asp and Glu can most likely
be explained by the high pH (6.8) of the incubation solution
(e.g. Borstlap ef al. 1986). We cannot, however, see any
similar simple explanation to the low general uptake rates of
Tyr.

No significant correlation between Ellenberg’s plant
nitrogen indicator values and uptake rates could be found,
indicating that plant amino acid uptake is a general ability
found in many different types of plants from widely
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differing habitats. These results are further supported by
several other studies showing amino acid uptake by a wide
array of different plant species and types (e.g. Soldal &
Nissen 1978; Schobert & Komor 1987; Schimel & Chapin
1996; Raab ¢ a/. 1999; Nisholm ez a/. 2000; Streeter et al.
2000).

Although amino acid uptake rates displayed significant
interspecies vatiation in this study, this variation does not
appear to be systematic in any lucid way. Since all species
tested exhibited the ability to take up amino acids, this
ability in itself does not appear to be an important
determinant of plant ecosystem composition. Rather,
availability of amino acids and the capacity to compete for
these compounds appear to be more important factors
regulating plant uptake of amino acids. Similar results have
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Total amino acid uptake
(umol g™! root DW h)

-
Non AM EM EM 5 27 29 68 92 330 1-2 3-4  5-6 7-8 n.a
Mycorrhiza Soil amino acid concentrations Ellenberg NIV

(nmol g1 soil DW)

Figure 1 Amino acid uptake rates (tmol g~' root DW h) related to: (a) plant-associated mycorrhizal type; Non denotes nonmycorrhizal; AM,
ErM and EM denote arbuscular mycorrhizal, ericoid and ectomycorrhizal, respectively. (b) Habitat soil amino acid concentrations in nmol g™
soil DW. (c) Ellenberg nitrogen indicator values, n.a. denotes not applicable (plant species having no Ellenberg NIV). Grouping of species

can be deduced from Table 1. Values presented are means * SE.

25

20 T

% individual aa uptake of total

Ala Gly Val Leu Ile Pro Met Ser Thr Phe Asp Glu Lys Arg Tyr

Figure 2 Relative uptake of individual amino acids. Values pre-
sented are means = SE of all species. Uptake rates have been
corrected for presence in the incubation solution and are expressed
as percentage uptake of individual amino acid of total amino acid
uptake.

also been deduced from studies of plant nitrogen availab-
ility, uptake and competition (Leadley e/ 2/ 1997; Hodge
et al. 2000; Nisholm & Persson 2001; Owen & Jones 2001).

Although our study did not take into account seasonal
variation in soil amino acid concentrations and plant uptake,
the uptake rates give an indication of the potential role of
amino acids for plant nitrogen nutrition. The present study
also cleatly points out that the need for long-term studies of
plant acquisition of amino acids in the field is compelling in
order to learn more of the importance of these compounds
for plant nitrogen nutrition.

ACKNOWLEDGEMENTS

We would like to thank two anonymous reviewers for
constructive comments on this manuscript. This work was
financed by The Swedish Counsil for Agticulture and
Forestry Research (SJFR) and by a grant from the program
of Abatement Strategies for Transboundary Air Pollution
(ASTA) under the foundation for Strategic Environmental
Research (MISTRA).

REFERENCES

Aslam, M., Travis, R. & Huffaker, R.C. (1992). Comparative kin-
etics and reciprocal inhibition of nitrate and nitrite in roots of
uninduced and induced Batley (Hordenm vulgare L.) seedlings.
Plant Physiol., 99, 1124-1133.

Boorer, K.J. & Fischer, W.-N. (1997). Specificity and stochiometry
of the Arabidgpsis H' /amino acid transporter AAP5. J. Biol.
Chen., 20, 13040-13046.

Borstlap, A.C., Meenks, J.LLD., van Eck, W.F. & Bicker, J.T.E.
(1986). Kinetics and specificity of amino acid uptake by
the duckweed Spirodela polyrhiza (L.) Schleiden. /. Exp. Bot., 37,
1020-1035.

Chalot, M. & Brun, A. (1998). Physiology of organic nitrogen
acquisition by ectomycorrhizal fungi and ectomycorrhizas.
FEMS Microbiol. Rev., 22, 21-44.

Chapin, F.S. , III, Moilainen, L. & Kielland, K. (1993). Preferential
use of organic nitrogen by a non-mycorrhizal arctic sedge.
Nature, 361, 150—153.

Ellenberg, H., Weber, HE., Dill, R., Wirth, V., Werner, W. &
Paulien, D. (1992). Zeigerwerte von pflanzen in mitteleuropa.
Seripta Geobot., 18, 1-258.

©2001 Blackwell Science Ltd/CNRS



438 ). Persson and T. Nasholm

Fischer, W.-N., André, B., Rentsch, D., Krolkiewicz, S., Tegeder,
M., Brietkreuz, K. & Frommer, W.B. (1998). Amino acid
transport in plants. Zrends Plant Sci., 3, 188—195.

Harley, J.L. & Harley, E.L. (1987). A check-list of mycorrhiza in
the British flora. New Phytol., 105, 1-102.

Hodge, A., Robinson, D. & Fitter, A.H. (2000). Are microorgan-
isms more effective than plants at competing for nitrogen?
Trends Plant Sci., 5, 304-308.

Hogh-Jensen, H., Wollenweber, B. & Schjoerring, J.K. (1997).
Kinetics of nitrate and ammonium absorption and accompany-
ing H' fluxes in roots of Lalium perenne 1. & No-fixing Trifolinm
repens L. Plant Cell Environ., 20, 1184-1192.

Ivarson, K.C. & Sowden, F.J. (1969). Free amino acid composition
of the plant root environment under field conditions. Can. /. Soil.
Sei., 49, 121-127.

Kaye, J.P. & Hart, S.C. (1997). Competition for nitrogen
between plants and soil microorganisms. Trends Ecol. Evol., 12,
139-143.

Kielland, K. (1994). Amino acid absorption by arctic plants:
implications for plant nutrition and nitrogen cycling. Ecology, 75,
2373-2383.

Leadley, P.W., Reynolds, J.F. & Chapin, F.S. III (1997). A model of
nitrogen uptake by Eriophorum vaginatum roots in the field: eco-
logical implications. Ecol. Monogr., 67, 1-22.

Miller, R.H. & Schmidt, E.L.. (1965). Uptake and assimilation of
amino acids supplied to the sterile soil: root environment of the
bean plant (Phaseolus vulgaris). Soil Sei., 100, 323-330.

Min, X., Siddigi, M.Y., Guy, R.D., Glass, A.D.M. & Kronzucker, H.J.
(2000). A comparative kinetic analysis of nitrate and ammonium
influx in two early-successional tree species of temperate and
boreal forest ecosystems. Plant Cell Environ., 23, 321-328.

Nisholm, T. & Persson, J. (2001). Plant acquisition of organic
nitrogen in boreal forests. Physiol. Plant., 111, 419—426.

Nisholm, T., Sandberg, G. & Ericsson, A. (1987). Quantitative
analysis of amino acids in conifer tissues by high-performance
liquid chromatography and flourescence detection of their
9-flourenylmethyl chloroformate derivatives. J. Chrom., 396,
225-236.

Nisholm, T., Ekblad, A., Notdin, A., Giesler, R., Hogberg, M. &
Hogberg, P. (1998). Boreal forest plants take up organic nitro-
gen. Nature, 392, 914-916.

Nisholm, T., Huss-Danell, K. & Hogberg, P. (2000). Uptake of
organic nitrogen in the field by four agriculturally important
plant species. Ecology, 81, 1155-1161.

©2001 Blackwell Science Ltd/CNRS

Newton, R.J. (1974). Dual pattern of DIL-leucine absorption by
duckweed root tips. Plant Cell Physiol., 15, 249-254.

Owen, A.G. & Jones, D.L. (2001). Competition for amino acids
between wheat roots and the rhizosphere microorganisms and
the role of amino acids in plant N acquisition. Soi/ Biol. Biochen.,
33, 651-657.

Persson, J., Nisholm, T. (in press). AGC-MS method for deter-
mination of amino acid uptake by plants. Pla. Physiol., in press
Raab, T.K,, Lipson, D.A. & Monson, R.K. (1999). Soil amino acid
utilization among species of the Cyperaceae: Plant and soil

processes. Feology, 80, 2408-2419.

Schimel, J.P. & Chapin, F.S. III (1996). Tundra plant uptake of
amino acid and NHj nitrogen in situ: Plants compete well for
amino acid N. Evology, 77, 2142-2147.

Schmidt, S.K. & Stewart, G.R. (1999). Glycine metabolism by plant
roots and its occurrence in Australian plant communities. Aws?. /.
Plant Physiol., 26, 253-264.

Schobert, C. & Komor, E. (1987). Amino acid uptake by Ricinus
communis roots: characterization and physiological significance.
Plant Cell Environ., 10, 493-500.

Schubert, S., Schubert, E. & Mengel, K. (1986). Effect of low pH
of the root medium on proton release, growth, and nutrient
uptake of field beans (Viia faba). Plant Soil, 124, 239-244.

Soldal, T. & Nissen, P. (1978). Multiphasic uptake of amino acids
by barley roots. Physiol. Plant., 43, 181-188.

Streeter, T.C., Bol, R. & Bardgett, R.D. (2000). Amino acids as a
nitrogen source in temperate upland grasslands: the use of dual
labelled (°C, "°N) glycine to test for direct uptake by dominant
grasses. Rapid Comm. Mass Sp., 14, 1351-1355.

BIOSKETCH

Jorgen Persson is a member of a research group concerned
with plant-ecosystem nitrogen dynamics, where he is commit-
ted to elucidating the role of organic nitrogen for plant nitrogen
nutrition in boreal forest ecosystems.

Editor, G.I. Agren
Manuscript received 9 July 2001
Manuscript accepted 15 July 2001


https://www.researchgate.net/publication/229730260

