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Effects of Nitrogen Application on Activities of Key Enzymes and Their Gene
Expression in Sugar Metabolism in Flue-cured Tobacco

LU Liming?, ZHENG Xiaomin', ZHANG Yonghui?, LI Ligin*”
(1. Agricultural College, Sichuan Agriculture University, Chengdu 611130, China; 2. Sichuan Tobacco Company Luzhou Division,
Luzhou, Sichuan 646000, China)

Abstract: In order to explore the effects of nitrogen supply levels on the activities and gene expression of key enzymes of sugar
metabolism, and the content of carbohydrate, and the relationship among these three elements in flue cured tobacco, a two factor
experiment with nitrogen levels and varieties was carried out. The results showed that the activity of sucrose synthase increased with
the increase of nitrogen application, and the difference was significant among treatments. The activities of sucrose phosphate
synthase, invertase and amylase increased with the increase of nitrogen application on the 45th and 60th day after planting. In
contrast, on the 80th day after planting, the activities of invertase and amylase were higher in low amount of nitrogen supply
treatment than those of higher amount of nitrogen supply treatment, while there were no significant difference in enzyme activities
among the variety treatments. The amount of nitrogen supply also had significant effects on the expression levels of sucrose synthase,
sucrose phosphate synthase and invertase genes. There were some difference in the gene expression levels between varieties under
the same nitrogen supply treatment. The contents of total sugar and reducing sugar in tobacco leaves were less affected by the
amount of nitrogen applied. However, the contents of starch increased with the increase of nitrogen application. There was no
obvious difference in the contents of carbohydrate of varieties tested under the same amount of nitrogen treatment. The results of
correlation analysis showed that the activities of these enzymes were extremely significantly or significantly correlated with the
starch content in tobacco leaves at each growth stage. The expression of sucrose phosphate synthase gene was negatively correlated
with the starch contents of tobacco leaves on the 45th day after planting, while the expression of sucrose synthase gene was
significantly positively correlated with reducing sugar and total sugar on the 60th and 80th day after planting respectively. Our results
suggest that the amount of N application has a significant effect on activity and gene expression of key enzymes in tobacco sugar
metabolism. Sugar content was determined by the activity and gene expression of sucrose synthase and sucrose phosphate synthase.
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Table 1 Primers for gRT-PCR
(5'to 3
EF-la(tobacco)-F TGAGATGCACCACGAAGCTC
EF-la(tobacco)-R CCAACATTGTCACCAGGAAGTG
SS-F GCCGATACTAGGGGAGCTTT
SS-R CCTCAACCACAGTCAAACCA
SPS-F ATCCTGGCCTCATCTTTCAATA
SPS-R GCATCAAAATCAGTAGGCTTCA
Inv-F TAAGGGTTCAACAGTCCAAGGT
Inv-R GAGGCATCAGAGCACATAAGAA
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gPCR cDNA 213 AlB1
1 gPCR AlB2 A2B1 4
2xPerime SAYB Max 5 uL A2B2 A3B1 A3B2
10 umol/L 0.5 puL 10 umol/L 80d
0.5ul. ¢cDNA2puL ddH,O 2 pL 10 uL 45 d
50 C 2min 95 C 10 min 454 60d
95 C 15s 60 C 1min 40 80d
1.6
Excel 2010  SPSS 2.0 60 d A2
2.1.4
2
2.1 5
2.1.1 2 AlB1 AlB2
SPS
SPS 45 60d
45 d 60 d
80d 80d
SPS
A3 60 80 d ¥ . .
Table 3  Sucrose synthase activity among different treatments
K326 SPS 87 at different stages (ng-gtmeh?)
454 60 d 80d
AlB1 458+0.41b 5.69+0.43C 9.06+0.62¢
2 A1B2 4.70+0.45b 5.68+0.41c 9.08+0.51¢
Table 2  Sucrose phosphate synthase activity among different ﬁgg; g-zgig-gga g-ggig-igg ig-%gig-?gg
- o1 h-l .40+0.08a 2910, 1210,
treatments at different stages (ng-g” mrh™) A3BL 5.78+0.39% 7160172  11.89:0.33a
45d 60d 80d A3B2 5.80+0.58a 7.49+0.37a 11.7420.43a
AlB1 6.82+0.54b 8.62+0.76b 9.09+0.06a
AlB2 8.41+0.32ab 8.91+0.25h 9.94+0.55a 4
A2B1 8.17+0.25ab 9.63+0.76ab  10.25+0.3%a
A2B2 9.40+0.53a 9.84+0.92ab 10.36£0.57a Table 4 Converting enzyme activity among different
A3B1 8.65+0.7% 10.77¢0.17a  10.37+0.32a treatments at different stages (ug gt meh?)
A3B2 9.0740.63a 9.82+0.40ab 10.14+0.42a 45d 60 d 80 d
m 0.05 AlB1 0.71x0.04a 1.410.09b 2.050.16a
Al1B2 0.67+0.01a 1.71%0.17ab 1.90+0.18ab
A2B1 0.63+0.01a 1.4120.17b 1.7620.06ab
A2B2 0.63+0.03a 1.91+0.09a 1.58+0.04b
2.1.2 A3B1 0.65+0.04a 1.71%0.16ab 1.68+0.11b
A3B2 0.69+0.01a 1.7620.08ab 1.55+0.13b
SPS
3 Ss 5
Table 5 Amylase enzyme activity among different treatments
SS at different stages (ng-gt me-h?)
454 60d 80d
AlB1 1.6120.12b 2.96+0.20c 3.46+0.25a
2 Al1B2 1.6420.16b 3.07+0.23c 3.210.20a
A2B1 1.6420.11b 3.99+0.16b 2.58+0.12b
A2B2 2.01+0.16ab 3.98+0.40b 2.68+0.14b
A3B1 2.12+0.12a 4.49+0.23a 2.710.06b
A3B2 2.05+0.12ab 4.51+0.20a 2.62+0.08b

SS
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Fig. 2 Comparison of relative expression levels of sucrose
synthase gene among different treatments at different stages
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Fig. 3 Comparison of relative expression levels of the
invertase gene among different treatments at different stages
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Table 6 Total sugar content of tobacco leaves among

different treatments at different stages
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6.26+0.48b 6.57+0.41a
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A2B1

Fig. 1 Comparison of relative expression levels of sucrose
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Table 7 Reduced sugar content of tobacco leaves among Table 9 Correlation of enzyme activity in sugar metabolism
different treatments at different stages % with sugar content in tobacco leaves
45d 60d 80d P
A1B1 2.85+0.12a 1.100.02b 1.12+0.70b A Ya Ya
Al1B2 2.78+0.14a 1.78+0.03a 1.30+0.71ab X1 0.106 0.011 0.671
A2B1 2.43+0.13a 1.24+0.07ab 1.88+0.18a 45 X2 -0.265 -0.505 0.960**
A2B2 2.86+0.08a 1.32+0.10ab 1.19+0.06b X3 0.314 0.040 0.679
A3B1 2.48+0.19a 1.130.05ab 1.47+0.03ab Xa 0.468 0.622 -0.699
A3B2 2.86+0.15a 1.39+£0.09a 1.08+0.03b X1 -0.287 -0.305 0.968**
60 %2 -0.016 -0.256 0.932%*
X3 -0.524 -0.331 0.893*
2.3.2 Xa -0.269 0.378 0.569
X1 -0.451 -0.414 -0.988**
80d 80 X2 0.347 0.007 0.751
8 X3 0.402 0.408 0.901*
X4 -0.170 0.009 -0.878*
7 8 kg/667m2 X1 X2 X3 Xg AM SS SPS Inv Y: Y2 Y3
* 0.05
6 kg/667 m? A2 *x 0.01
10
Table 10 Correlation of genes expression level in sugar
metabolism with sugar content in tobacco leaves
8 /d
Table 8 Total starch content of tobacco leaves among Y1 Y, Ys
different treatments at different stages % Xs -0.466 -0.616 0.173
45d 60d 80d 45 X5 0.397 0.560 -0.826*
AIBL 9.0428.54b 19.20£7.25c  2257£19.69 X7 -0.416 -0.400 0.621
Al1B2 9.52+3.12b 19.28+14.35c 24.08+11.95b Xs -0.197 0.885* -0.648
A2B1 10.60+2.06a 20.87+10.21b 28.58+7.68a 60 X6 0.253 -0.106 0.598
A2B2 10.27+4.85a 22.16+17.52a 28.33+8.62a X7 0.390 0.766 -0.101
A3B1 10.83+6.12a 22.97+16.99a  27.61+5.66a .
A3B2 1037+6.14a  2309+#1333a  2759+15.12a Xs 0.915 0.786 0.388
80 X6 0.272 0.374 0.592
X7 -0.197 -0.201 -0.718
24 X5 X6 X7 SS SPS Inv
9 SS
45d 60d SPS
60d 80d Inv
80d AM
60d 80d
2.5
10 60 d
80d
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