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Arabidopsis mutant hps1 that over-
accumulates sucrose has enhanced 

sensitivity in almost all the aspects of 
plant responses to phosphate starvation. 
The detailed characterization of hps1 
has led to the conclusion that sucrose 
is a global regulator of plant phosphate 
responses. Here, we show that hps1 is also 
hypersensitive to nitrogen and potassium 
deprivation, as well as to decreased levels 
of overall macronutrients. These results 
suggest that sucrose regulates plant defi-
ciency responses to multiple nutrients 
and is part of a general response to nutri-
ent deprivation.

Plants often encounter nutrient deficiency 
in their surrounding environments,1 and 
because they are sessile, plants have to 
develop sophisticated strategies to cope 
with nutritional stress. The strategies 
include an array of biochemical, physi-
ological, and developmental responses.2-5 
Interactions among the different nutrients 
have also been documented.6,7 For exam-
ple, ammonium interacts with potassium 
(K) for uptake,8 and nitrate transporters 
were downregulated in K-deprived plants.9 
Phosphate (P) deficiency induces expres-
sion of the K transporter gene HAK5 and 
causes high accumulation of iron.7,10,11 
The intimate cross talk among the dif-
ferent nutrients suggests the existence of 
some common signaling components that 
are involved in regulating plant responses 
to different nutrient stresses. However, the 
molecular identity of these signaling com-
ponents remains unknown.

Previously, we reported the char-
acterization of an Arabidopsis mutant 
hps1.10 In hps1, a sucrose transporter 
gene, SUC2, is overexpressed, resulting 
in enhanced uptake of sucrose from the 
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culture medium. As a consequence, hps1 
accumulates a high level of sucrose in both 
its shoot and root tissues. hps1 is hyper-
sensitive in almost all the aspects of plant 
responses to P starvation. In contrast, the 
suc2 knockout mutant displays opposite 
phenotypes. We also showed that a high 
level of sucrose in hps1 can directly induce 
most P starvation-responsive genes even 
under P sufficient condition. Under nor-
mal growth condition, hps1 contains less 
chlorophyll, probably due to the feedback 
inhibition of photosynthesis by the high 
level of sucrose. Combined with the results 
from our genomic research and early 
work by other groups,10,12 we conclude 
that sucrose is a global regulator of plant 
responses to P starvation. In this study 
we determine if sucrose is also involved 
in responses to other nutrients and thus is 
part of a general response mechanism to 
nutrient deprivation.

We first tested whether hps1 also shows 
hypersensitivity to nitrogen (N) and K 
deprivation. The seeds of the WT and 
hps1 were directly sown on MS medium 
in which sucrose was replaced by glucose 
to ensure the same growth status. Five 
days after seed germination, the seedling 
were transferred to sucrose-containing 
MS medium without supplementation 
of N, P or K, respectively, and grow for 
another 5 or 12 days. Compared to the 
WT, P-starved hps1 had smaller size of 
shoots and accumulated more anthocy-
anin (Fig. 1A and B); this was consistent 
with our previous findings.10 Similarly, 
hps1 showed enhanced sensitivity to N 
and K deprivation in term of primary root 
growth (Fig.  1A). N starved-hps1 plants 
also accumulated more anthocyanins than 
N starved-WT plants (Fig. 1B). However, 
there was no significant difference of the 
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Conclusions

Our previous work demonstrated that the 
hps1 mutant is hypersensitive to P defi-
ciency. In this work, we further extended 
our observations that hps1 is also hyper-
sensitive to N and K deprivation, as well 
as to decreased levels of overall macronu-
trients. These results suggest that sucrose 
mediates plant responses to deficiencies in 
multiple nutrients and thus is an impor-
tant component of general responses to 
nutrient deprivation.
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dramatically inhibited the shoot growth of 
hps1 (Fig. 2A and B). Ten days after seed 
germination, the shoot fresh weight of 
hps1 grown on 1/20 MS medium was only 
about 15% of that for the WT. Regardless 
of the strength of the MS media, no accu-
mulation of anthocyanin could be visually 
detected for the WT. For the hps1 mutant, 
however, anthocyanin accumulation was 
evident even on 1/4 MS medium, and the 
accumulation increased as the macronutri-
ent level was further decreased (Fig. 2A). 
Interestingly, the hypersensitive responses 
of hps1 to decreased macronutrient con-
centration only occurred in shoot growth, 
but not in root growth (Fig. 2A and C).

shoot size between the WT and hps1 on N 
and K deficiency medium.

To further determine whether hps1 
is hypersensitive to a general decrease 
in nutrient supply, we examined the 
responses of hps1 grown on sucrose-con-
taining MS medium with different levels 
of nutrients. When grown on full-strength 
MS medium, shoot size and shoot fresh 
weight were similar for the WT and hps1 
(Fig. 2). Decreasing the macronutrient 
concentration to 1/2 strength signifi-
cantly enhanced the shoot growth of both 
the WT and hps1. Reducing the macro-
nutrient concentration to 1/10 had no 
further obvious effect on the WT, but it 

Figure 1. The hps1 mutant is hypersensitive to N, P and K deprivation. Five-day-old seedlings of 
the WT and hps1 mutant grown on glucose-containing MS medium were transferred to sucrose-
containing MS medium with or without supplemented phosphate, nitrogen or potassium. The 
seedlings were photographed 5 days (A) and 12 days (B) after transfer. Bar = 10 mm.
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Figure 2. The hps1 mutant is hypersensitive to a decreased level of macronutrients. Five-day-old seedlings of the WT and hps1 mutant grown on 
glucose-containing MS medium were transferred to sucrose-containing MS medium with different strength of macronutrients. After transfer, the 
seedlings were grown for another 10 days. (A) Photographs of the WT and hps1 seedlings after growth on the MS medium with different nutrient 
strength. (B and C): Shoot and root fresh weight (FW) of the WT and hps1 seedlings shown in (A). Data represents means ± SE (n > 10). Values with dif-
ferent letters differ significantly (p < 0.01). Bar = 10 mm.


