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Proteins in duckweed (Lemna minor L.)

W. MACIEJEWSKA-POTAPCZYKOWA, L. KONOPSKA, E. NARZYMSKA

In view of the universal tendency to increase the proportion of animal products
in the diet of the population, the problem of conversion of plant proteins into
animal proteins is of great impoitance.

The majority of the world population actually consume from 12 to 15 plant
species.

The main supply of plant proteins comes from cereal grains and legume seeds,
but this does not exhausi the amount of protein available from vegetable sources.
Proteins as a foodstuff in short supply can also be obtained from wild plants, which
can substitute cereal proteins and could be fed to cattle (Altshull 1965).

Such water plants as Lemna, Spirodella and Wolffia belonging to the Lemnaceae
are willingly eaten by poultry, particularly ducks. These plants have not yet been
analysed as protein sources and their protein composition is unknown.

This paper is concerned with a preliminary analysis of the proteins in Lemna
minor. Proteins were determined and then fractionated into albumins, globulins,
glutelins and prolamins. The respective fractions were analysed by way of column
chromatography. :

MATERIAL AND METHODS

Lemna minor cultivated in an aquarium in the laboratory was analysed. It was
cultivated under natural aquarium conditions that is together with other water
plants and fish. The Lemna plants were separated and analysed.

Proteins were fractionated by the method of Pleszkow (1968) using succe-
ssively: 1 M NaCl in 0.5 M phosphate buffer at pH 7.3. After dialysis albumins
and globulins were obtained. The globulins were dissolved in 0.2 M NaCl in the
same phosphate buffer, glutelins —in 0.2% NaOH, prolamins — in 809, ethanol.
The extracted protein fractions were determined by the Lowry method described
by Mejbaum-Katzenellenbogen and Mochnacka (1968). The respective
fractions extracted in the above mentioned way were placed in DEAE-SS cellulose
(from Serva Laboratory) columns were prepared after Gorman and Levine
(1966). The following gradients applied successively: 0.2 M NaCl in phosphate
buffer at pH 7.3, 1 M NaCl in the same buffer, 0.1 M NaOH and 19, NaOH.
Collection of the different zones into the fraction collector was made. Proteins
were determined in the corresponding samples by the Lowry method.
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RESULTS AND DISCUSSION

The results of our analyses showed a protein content of approximately 16 per
cent for Lemna minor. This content is very high when compared with cereals in
which it does not exceed 16Y%.

Duckweed protein is characteristic by its high content of albumins and a rela-
tively low globulins content.

It seems interesting to compare these values found for duckweed with those
obtained for other plants.

Protein content of some plant material (after Pleszkow — 1965) as compared with that of duckweed

Total protein | Protein fraction as %, of total protein
Material | %o ! o S
in dry matter | albumins globulins | glutelins [ prolamins
I |
Seeds of: { | | | |
wheat : 16 | 4—7 | 20 |25 | 20-40
oats ; 2 ‘ 15 12-24 | 40 BT
maize _ 10 |  6—14 | 7-23 | 30-45 | 50
| rice 13 | 25 Lo15-29 |17 | 25
| barley | 12 ' 139 | 5.8 31,3 5 35
| sunflower 9-23 | 21,8 | 542 135 | 105
pea 28 | 34 | 60 6—13 | not found |
potato i 875 - i not found | 7080 2030 , not found |
| duckweed ! 15,77 [ 499 | 17 | 321 | 1,2
EA . ) , .
Fraction | Fraction I Fraction [ Fraction IV
02 M Nall in IM NaCl in UIN Na OH 1% Na OH
0200 - phosphate buffer phosphate buffer,
pH 7.3 pH 73
0,150 |-
0100 |- ""
0050 |-
1 I e 1

20 a0 60 80 100 120 40 160
Sample number

Graph 1. Chromatographic profile of albumins
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Such a high content (49.9 %) of albumins as in Lemna minor is not met in other
plants. Even protein-rich seeds of legumes contain only 347, of albumins. The
prolamin content of Lemna minor is very similar to that of sunflower seeds, the
glutelin content, however, is approximate to that found in barley and maize.

EA
Fraction [ Fraction [ Fraction [ Fraction IV
az00 L 0ZMNaCl 1M NaCl in 07N NaOH 1% NaOH
in phosphate phasphate
buffer, buffer,
pH 73 pH 73
0150 -
0,100 |- =
0,050
1 | [

20 40 60 80 100 120 140 160
Sample number

Graph 2. Chromatographic profile of globulins

The results of the respective protein fractions separation on cellulose columns
are shown in the graphs (figs. 1—4) representing the chromatographic profiles.
Taking into consideration the chromatographic profiles obtained, the high peaks
of their first fractions should be emphasised, particularly in the case of globulins.

E 4
Fraction 1 Fraction II Fraction Fraction IV
0200 02M Nall in TM NaCl in OIN-NaOH 1% NaOH
phosphate phosphate
buffer, pH 73 buffer, pH73
0150

20 40 60 80 100 120 140 160
Sample number

Graph 3. Chromatographic profile of glutelins
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Among the proteins under examination albumins seem the most interesting
because of their high level of the two fractions extracted with: 1) 0.2 M NaCl and
2) 0.1 M NaOH. There are only very few papers dealing with the separation of
plant proteins on ion-exchange columns. Our results could be compared with those

E4
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' 02M NaCl 1M Nall QIN NaOH 1% NaOH
in phosphate in phosphate
buffer, pH 7.3 buffer, pH 73
0150 -
0100 +
0,050

20 40 60 80 100 120 140 160
Sample number

Graph 4. Chromatographic profile of prolamins

of Pleszkow (1968) obtained for bean proteins characteristic by their high content
of the corresponding fractions. A detailed separation of duckweed proteins on
cellulose columns gives valuable information which fractions should be examined
from the angle of their amino acid composition in connection with their nutritional
value. The essential amino acid composition of the proteins occurring in Lemna
minor will be the subject of our further investigations.

SUMMARY

A preliminary analysis of the proteins in duckweed was made. Proteins were determined and
then fractionated into albumins, globulins, glutelins and prolamins. The respective fractions were
analysed by way of column chromatography.

The protein content in Lemna minor is very high: approximately 167;. This protein is charac-
teristic by its high content of albumins and a relatively low globulins content.

Qur results obtained for duckweed were compared with those found for other plants. The
results of the separation of respective fractions on cellulose columns are shown in the graphs repre-
senting the chromatographic profiles.
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Biatko Lemna minor L.

Streszczenie

Dokonano wstepnej analizy bialek rzesy. Oznaczono biatko catkowite oraz rozdzielono je
na: albuminy, globuliny, gluteliny i prolaminy. Poszczegolne frakcje analizowano metoda chro-
matografii kolumnowe;j.

Zawarto$¢ bialek u rzasy jest bardzo wysoka — wynosi okoto 169%,. Biatka te charaktery-
zuja sie wysoka zawartoscia albumin, a stosunkowo niska globulin.

Wyniki otrzymane dla rzgsy poréwnano z wynikami uzyskanymi dla innych roslin. Roz-
dzial poszczegdlnych frakcji bialek na kolumnach z celulozy ujeto w wykresach przedstawia-
jacych profile chromatograficzne.
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