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Effects of high-temperature and drought stress on protein concentration and key
enzyme activities in relation to nitrogen metabolism in wheat grains during the

early stage of grain filling

LU Hongfang', WANG Chenyang"*>*, GUO Tiancai'*, YIN Yunxing'
1 College of Agriculture, Henan Agricultural University, Zhengzhou, Henan 450002, China
2 National Engineering Research Center for Wheat, Zhengzhou ,Henan 450002, China

Abstract: To explore the physiological mechanisms of stresses on nitrogen metabolism and protein accumulation in wheat
grains, a pot experiment was performed at the Scientific & Educational Park of Henan Agricultural University from 2010 to
2012. Zhengmai 366 and Yunong 949, wheat cultivars with different gluten-strengths, were grown in 24-cm pots with 10 kg
loam soil for the experiment, which was performed using a completely randomized design in three replicates. Plants were
initially grown in the field environment and were then transferred to a climate-controlled greenhouse for the high temperature
(HT) treatment. HT began from the 8" day after anthesis (DAA) and ended at the 11" DAA | with a high temperature of
38°C for five hours from 11;00 to 16:00, after which the plants were returned to the field environment. The concentration of
protein and its components, and the activities of glutamine synthetase (GS) and glutamic-pyruvic transaminase ( GPT) in

the grains were measured to evaluate the effects of the stresses. The results showed that HT, drought stress ( DS) and their
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combination significantly increased protein and its components’ concentrations, yet decreased the ratio of glutenin to gliadin.
The protein accumulation was also reduced by stresses. For example, for Zhengmai 366, the protein yield significantly
decreased by 20.7% under HT, by 16.2% under DS, and by 26.1% under a combination of HT and DS. In Yunong 949,
the protein yield decreased by 12.4% under HT, by 11.9% under DS and by 15.8% under a combination of HT and DS.
The grain weight significantly declined by 23.2% under HT, by 18.0% under DS and by 29.9% under a combination of HT
and DS, in Zhengmai 366, and decreased by 24.0% under HT, by 16.0% under DS, and by 29.9% under a combination of
HT and DS, in Yunong 949. However, the activities of GS and GPT were promoted under HT, DS and their combination. A
correlation analysis showed that the activity of GS was positively correlated with the protein concentration in mature wheat
grains at significant or extremely significant levels at 8, 17, 23, and 29 DAA. However, GS activity was negatively
correlated with protein yield at extremely significant levels at 23 and 35 DAA, and it was negatively correlated with grain
yield at significant or extremely significant levels at 8, 17, 23, 29 and 35 DAA. The activity of GPT was positively
correlated with protein concentration at extremely significant levels at 11 and 17 DAA. However, GPT activity was
negatively correlated with protein yield at extremely significant levels at 8, 17 and 23 DAA and negatively correlated with
grain yield at significant or extremely significant levels at 8, 11, 17 and 23 DAA. The results also indicated that, under the
present experimental conditions, the influence of the HT treatment was greater than that of the DS, and an overlap effect
existed between HT and DS. In addition, Zhengmai 366, a high-gluten cultivar, showed more sensitivity to stresses than
Yunong 949, a mid-gluten cultivar. These results may aid in understanding how HT and DS influence protein accumulation

and may be useful in improving wheat quality.

Key Words: wheat grains; protein; enzymes; high temperature; drought stress
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Table 1 Effects of heat, drought and their combination on the concentrations of total protein and protein components in wheat grains

SR L . am BARTRE L WEH WES BREH 4RO BB
Cultivar ceasons Treatments concentration/% Albumin/%  Globulin/% Gliadin/% Glutenin/% Glu/Gli
FRF 366 2010—2011 CK 18.67¢ 2.58hi 1.15¢ 5.78fg 6.70b 1.16a
WD 18.47¢ 2.57hi 1.32cd 6.77a 6.60c 0.97d
HT 19.07b 3.11ab 1.55b 6.78a 6.87a 1.01c
HTxWD 19.57a 3.09b 1.92a 6.05e 5.87de 0.97d
2011—2012 CK 18.47¢ 2.531 1.30cde 5.84f 6.68b 1.14a
WD 18.87h 2.54i 1.34c¢ 6.79a 6.56¢ 0.97d
HT 19.07b 2.99¢ 1.52b 6.45bc 6.86a 1.06b
HTxWD 19.47a 2.94d 1.62b 6.0le 5.90d 0.98d
B 949 2010—2011 CK 15.47h 2,648 1.20ef 5.71¢ 5.82¢f¢ 1.02c
WD 16.87e 2.63gh 1.21def 6.44bc 5.72hi 0.89fg
HT 18.07d 3.15a 1.56b 6.54b 5.79fg 0.89fg
HTxWD 18.47¢ 2.84e 1.97a 5.85f 5.08j 0.89g
2011—2012 CK 15.67g 2.71f 1.22def 5.83fg 5.76gh 0.99d
WD 16.47f 2.61gh 1.23def 6.29d 5.671 0.90ef
HT 18.07d 3.03bc 1.59b 6.38cd 5.85def 0.92e
HTxWD 18.57¢ 2.80e 1.94a 5.81fg 5.04j 0.87g

CK. XfH& Control, WD T 5} il &b ¥ Drought-stressed treatment, HT; 15 i I 31 40 B Heat-stressed treatment, HT x WD ; & & i 161 4b ¥
Combination-stressed treatment ; 5% B 5 AS [ 7 BE 38R 0.05 K-8 35 25 5+
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Table 2 Correlations of GS activity in wheat grains with the total protein concentration at mature as well as the protein yield and grain yield

FEJ5 REL Days after anthesis/d

8 11 17 23 29 35
- =N
2010—2011 &l lﬁﬁa% . 0.730 " 0.139 0.703 " 0.458 " 0.706 ** 0.464
Total protein concentration/%
HA B .
o -0.100 -0.216 -0.220 -0.542*" -0.144 -0.648 "
Protein yield/ ( mg/ %) 0.542 0.648
bkt - -
N —0.479* ~0.251 —0.567 %" ~0.716** —0.478" _0.914%*
Grain yield/ (mg/ %) 0.479 0.567 0.716 0.478 0.914
'R A EL
2011—2012 EHE&_EE . 0.746 " 0.159 0.720 " 0.413" 0.706 ** 0.414
Total protein concentration/%
HH .
, -0.066 -0.141 -0.159 -0.536"" -0.082 -0.649**
Protein yield/ ( mg/#1.) 0.536 0.649
TR -0.464 " -0.203 -0.532"" -0.698 " -0.436" -0.905 **

Grain yield/ ( mg/ %)

e # FLIRTE 0.05 JKFAHAE, # + Fom 0.01 KFHHE

*3

INEFFRL GPT B S A EARAEREARSEMHFH~ENHEXRY

Table 3 Correlations of GPT activity in wheat grains with the total protein concentration at mature as well as the protein yield and grain yield

A6)5 KEL Days after anthesis/d

8 11 17 23 29 35
A'\E
2010—2011 EAF E . 0.065 0.519*" 0.554"* 0.208 0.103 0.009
Total protein concentration/%
Ao , .
, -0.527*"  -0.256 -0.554"" -0.710"" 0.003 0.262
Protein yield/ ( mg/#1) 0.527 0.554 0.710
FERL™ v . .
) ~0.486 * -0.516** -0.777** -0.709 ** -0.069 0.198
Grain yield/ (mg/%7) 0.486 0.516 0.777 0.709
A~ EL
2011—2012 EHRE n . 0.111 0.469 " 0.567 " 0.184 0.163 -0.134
Total protein concentration/%
H A B
N -0.487" -0.282 -0.499" -0.713*" 0.146 0.122
Protein yield/ ( mg/ %7 ) 0-487 0-499 0.713
7k S EL
R -0.487 " -0.518"" -0.750 ** -0.714*" 0.021 0.161

Grain yield/ ( mg/$7)

Fer = FLIRTE 0.05 ZKTAHHE, # # IR 0.01 K FAHIE
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