
Volume 112, number I FEBS LETTERS March 1980 

INVOLVEMENT OF D-GALACTOKINASE IN THE OSMOREGULATION OF 

~~T~RI~~~~~ROI~O~AS MALHAMENSIS 

Prakash M. DEY* 

Received 21 December 1979 

1. rntroduct~on 

In Poterioochromonas malhamensis (syn: 
Ochromonas malhamensis Pringsheim) which are 
unicellular, wall-less algae, osmotic regulation occurs 
through the changes in the pool size of lF[O-ol-D- 
gala~topy~nosyl(l-~I)-giy~erol] (1,2]. Increasing 
the external osmotic pressure causes the cell to shrink 
rapidly, however, it regains its original volume during 
the following 1-2 h period. This recovery is accom- 
panied by a sharp increase in the internal level of IF 
[3---S]; a rapid turnover of lF takes place at all times 
[6]. On the other hand, decreasing the external solute 
~oncentratioI1 causes a rapid fall in the IF: level with a 
concomitant rise in the level of a reserve p-(1+3)- 
glucan in the cell [3,.5]. Carbon from both, galactose 
and glycerol moieties of IF is incorporated into the 
polysaccharide. 

The increase in the pool size of IF is due to an 
increase in the level of IFP-synthase (LJDP-galactose: 
~?z-gly~erol-3-phospllor~c acid I-WD-galactosyl trans- 
ferase) [7]. The key factor in the osmotic control of 
this enzyme lies in the proteolytic activation of its inac- 
tive form [8--IO]. The resulting IFP is subsequently 
dephosphorylated [1 ,111. The presence of an cu-galac- 
tosidase which catalyses the hydrolytic degradation 
of IF in the alga has been shown 112,131. Here. a pos- 
sible involvement of galactokinase in the osmoregula- 
tion of IF degradation is discussed. 

A bbreviafions: RSA, bovine serum alb~nlin; IF, isofforidoside; 

IFP, isofloridoside phosphate; ME, mercaptoethanol 
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2. Materiafs and methods 

2.1. Cell extracts 
Cells of P. rnal~lanze~~i.~ were grown as in [ 131. The 

final suspension of the S-day old cells was such that a 
1 :.50 dilution with water gave an A 510 of 0.5 (lightpath 
10 mm). A known volume of cell suspension was 
centrifuged and the pellet was resuspended in the 
same volume of ice-cold 0.1 M phosphate buffer 
(pH 7.3) containing 5 mM ME and 1 mM EDTA and 
disintegrated using a French-press at 1600 lb/in’. The 
homogenate was centrifuged at 50 000 X R for 30 min 
and the supernatant used as the crude enzyme extract. 

2.2. Assay 
The incul~at~o1~ mixture (100 i-11) for the assay of 

galactoki~ase consisted of 10 ~_rl crude extract f 10 ~1 
[“C]galactose (0.2 yCi; 60 &i/,umol) + 5 1.11 ATP 
(50 mM, adjusted to pH 7.3) + 45 yl water + 30 ~1 
0.1 M phosphate buffer (pH 7.3) containing 25 mg/ml 
BSA, 10 mM ME, 5 mM MgClz and 12.5 mM NaF. 
This was incubated at 25°C and 20 ~1 aliquots were 
withdrawn at various time intervals and applied to 
D~AE-celluiose discs. A further GO ,ul water was then 
applied to each disc to ensure that it was fully wet. 
The discs were then dropped into a beaker containing 
200 ml distilled water and washed twice with the same 
volume of water by gently shaking on a rotary shaker. 
The discs were finally dried and radioactivity counted 
using a PPO--toluene cocktail; the counting efficiency 
was 50%. 

2.3. Equilibrium density centrifugation 
Enzyme extracts were prepared from cells that 

were subjected to osmotic stimulus with 0.1 M NaCl 
for 3 h in normal growth medium and also in medium 
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containing ‘HsU. The final concentration of 2Hz0 in 
the latter was 70% (v/v). For centrifugation, enzyme 
extracts (4 ml) were prepared from the treated cells 
and a-amylase (as a density marker) and cesium for- 
mate stock solution were added to obtain a final 
density of 1.29 g/cm3. The extracts were then cen- 
trifuged using a SW-SOL rotor in a Beckman Ultra- 
centrifuge for -6.5 h at 40 000 rev./min. One drop 
fractions were collected and every fifth fraction was 
assayed for galactokinase activity. cu-Amylase was 
assayed as in [ 141. The densities of the fractions 
were determined according to [IS]. 

3. Results and discussion 

A crude enzyme extract obtained from P. malha- 
me&s was capable of high rates of ATP~ependent 
phosphorylation of D-galactose (I .6 pm01 Gal-l-P 

formed . min-’ . mg protein-“). This galactokinase 
activity had not been demol~strated in this organism. 
The galactose-1 -phosphate formed in the enzyme reac- 
tion mixture was separated by high-pressure liquid 
chromatography and characterized by physico- 
chemical methods. The enzyme activity was consider- 
ably less if NaF was omitted from the assay. This is 
presumably due to the presence of a pilosphatase. 

It is suggested that the kinase participates in the 
metabolism of the D-galactose, liberated during rapid 
turnover of IF which occurs as a result of osmotic stim- 
ulation and which also is present in the cell under 
normal growth conditions [6,16]. 

On increasing the osmotic value of the algal sus- 
pension medium with NaCI, there was a marked 
increase in galactokinase activity. This increase was 
dependent on [NaCl] (fig.1); the highest activity was 
found at 0.1 M (230 mosM) beyond which there 
was no significant change. In a separate experiment 
the time course of the increase of galactokinase activ- 
ity was measured after stimulation with 0.1 M NaCI. 
After a lag of 60 min, the enzyme level increased 
rapidly reaching a maximum of 160 min and remained 
constant after this time (fig.2). The enzyme level in 
control experiments showed a slight decline with 
time; this is presumably due to a decrease in the con- 
centration of nutrient materials in the medium. When 
the effect of osmotic stimulus in the presence of 
cycloheximide was tested, the galactokinase activity 
was identical to the control experiment (fig.2). Addi- 
tion of NaCl to the enzyme assay medium did not 

Fig.1. Effect of osmotic stimulation (with NaCI) of P. mallzrr- 

men.& on the level of galactokinase. The final algal suspen- 
sions in the nutrient medium contained varying [ NaCl]; these 
were aerated for 3 h (see [ 131). The cells were then harvested 
and the enzyme extracted and assayed as in section 2. 
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Fig.2 Time course of the development of galactokinase level 
in P. mallzanzensis in the absence (-o-_) and in the presence 
(-A-) of cycloheximide (50 pg/ml algal suspension). The 
initial osmotic value of 60 mosM of the algal suspension 
medium was raised to 230 mosM with NaCl (final cont. 
0.1 M). Cycloheximide was added 10 min prior to the addi- 
tion of Natl. The cell suspensions were aerated and the 
enzyme extracted as in section 2. The enzyme levels in the 
control experiments (devoid of NaCl and cycloheximide) were 
exactly the same as those in the presence of cycloheximide. 
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Fig.3. Distribution of galactokinase activity from P. fnal!fu- 

nzensis grown in media containing 2H,0 (peak A, -,)-) and 
II,0 (peak B, -0 --), after equilibrium centrifugation on a 

cesium formate gradient. The equilibrium position of the 

ol-amylase marker is indicated by the arrow. ‘The direction 

of decreasing density is from left to right. 

result in the activation of galactokinasc. These results 
suggest that the elevated level of the enzyme is due 
to de novo synthesis. Osmotically stim~ilated de novo 
synthesis of the enzyme was also de~llonstrated by 
density labelling, followed by isopycnic ceritrifuga- 
tion (fig.3). 

The hydrolysis of IF in the alga is catalyzed by an 
a-galactosidase; the increase in the level of this enzyme 
due to de novo synthesis is known [12] to parallel 
the changes in galactokinase activity discussed here. 
It has also been shown that the osmotic stimulus 
resufts in a high level of IF in the cell and a 5-fold 
increase in turnover of this metabolite [6]. In vivo 

experiments on the degradation of IF have shown that 
whereas free glycerol rapidly attains a high levei after 
osmotic stimulus, the pool of free gaiactose increases 

slowly and to a much smaller extent [ 161. The 
enhanced level of galactokinase accompanying 
osmotic shock can be equated with low concentration 
of gaiactose in the cell under these conditions. The 
disappearance of galactose may also involve an active 
transgalactosylase (see [ 17,l X]) however, we have 
failed to detect this activity in the algae. 
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