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Effects of exogenous ATP on the growth of Brassica campestris seedlings under salt stress.
LAT Jing, LI Qiao-li, ZHANG Xiao-hua, LIANG Juan-hong, ZHANG Teng-guo” ( College of
Life Sciences, Northwest Normal University, Lanzhou 730070, China).

Abstract; We examined the effects of exogenous ATP treatment on the growth of Brassica
campestris seedlings under salt stress, and clarified the roles of signal molecules, hydrogen perox-
ide (H,0,) and calcium ion (Ca®) in the ATP regulation of salt tolerance. The results showed
that, compared with the single NaCl treatment, ATP +NaCl treatment decreased the number of
dead cells, ROS (0, and H,0,) content, ion (Ca**, Na*, ClI") content, MDA content, Na*/
K" ratio, and relative electrical conductivity. The chlorophyll, proline, soluble sugar content,
antioxidant enzyme (SOD, POD, CAT, APX) activity, transcriptional regulation of antioxidant
enzyme genes ( CAT, SOD, APX, GR), NADPH oxidase genes (RBOHD, RBOHF'), P5CS1
gene, MAPK kinase genes ( MAPK3, MAPK6) , and salt tolerance genes ( NHX1, SOS1) were
all elevated. Compared with ATP +NaCl treatment, the relative electrical conductivity, MDA,
chlorophyll, proline, soluble sugar, the activities of antioxidant enzymes ( SOD, POD, CAT,
APX) , and the expression of the above genes were decreased when treated with ATP +NaCl +
inhibitors ( DPI, DMTU and EGTA). These results indicated that exogenous ATP application
could increase cell activity, ROS content, ion content, chlorophyll content, osmotic regulator,
antioxidant enzyme activity and related gene expression in B. campestris under salt stress. In addi-
tion, signal molecules of H,0, and Ca® were involved in the ATP regulation of enhancing salt
tolerance in B. campestris.
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Table 1 The primers of real-time PCR
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Gene Primer Sequence (5 to 3")

RBOHF RBOHF-F CCAACAGTTTCATCCCTA
RBOHF-R GTGGCTTTAGGTTTCTTC

RBOHD RBOHD-F CACTAGCTCGCCGTAATAACATCTC
RBOHD-R CGTCCATCTTCGTCTTTGTCC

MAPK3 MAPK3-F CACGGAGGACAGTTCATAAGCTAC
MAPK3-R TCCAACACAGAGCAAACGATG

MAPK6 MAPK6-F TCATACGCTCTAACCAAGGCTTATC
MAPK6-R AAGAGGAGGTTGCTCGGTTTC

S0S1 SOS1-F AGACACCTATTGCGAGGCAC
SOS1-R AGAGACGTATGCCATCCCCT

NHX1 NHX1-F AGTGTCGAAACTGCCTTCGT
NHX1-R AAGGCGGTGATGGATTCGTT

P5CS1 P5CS1-F GCTGAGCTATTCCTTCGCCA
P5CS1-R CCTGCCTGTGCTTATTCCCA

SOD SOD-F TCACTGACAGCCAGATTCCTC
SOD-R CCTGCGTTTCCAGTAGACAA

CAT CAT-F GCCGAACCCGAAAACAAA
CAT-R GTCATCAAACATCCAGCACCA

APX APX-F CCCATTCGGAACAATGAGGT
APX-R ACAGCCACAACACCAGCAAG

GR GR-F CTTATGGTGGTGAACTTGAGGATG
GR-R AAAATGTGCTTGGCGGTGT

Actin Actin-F TGTGCCAATCTACGAGGGTTT
Actin-R TTTCCCGCTCTGCTGTTGT

FEHRRF & SYBR Premix Ex Taq™ AU 4 AL 38 1
SEI B B PCR 3 1 4T RT-PCR R , A it
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Fig.1 Effects of ATP on O, ,H,0, and cell activityin Brassica campestris leaves under NaCl stress
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Table 2 Effect of ATP on ion contents in Brassica campestris leaves under NaCl stress

QbR Ca?* Na* K* cl- Na*/K*
Treatment (ng-g™") (ng-g™") (ng- g™ (pg-g™")

CK 47.12£5.15 b 14.95+0.53 ¢ 432.1+21.12 ab 18.36+1.16 ¢ 0.035+0.003 ¢
ATP 68.92+6.21 a 15.41+0.84 ¢ 469.4+6.47 a 18.89+1.16 ¢ 0.033+0.002 ¢
NaCl 53.59+2.08 b 36.11+£2.61 a 352.74+12.29 ¢ 30.55+1.54 b 0.102+£0.003 a
ATP+NaCl 55.7+2.99 ab 21.1+1.41 b 402.11£2.56 b 56.15£3.22 a 0.052+0.009 b
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Fig.2 Effects of ATP on relative electrical conductivity and
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Fig.4 Effects of ATP on the content of proline and soluble sugar in Brassica campestris leaves under NaCl stress
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Fig.5 Effects of ATP on the activities of enzymes in Brassica campestris leaves under NaCl stress
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