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Analysis of Nitrogen—Responsive Transcription Factor ZmNLP5

Affecting Amino Acid Metabolism in Maize
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Abstract: Previous genetic and physiological experiments have demonstrated that the transcription factor ZmN-

LP5 can improve nitrogen uptake and assimilation in maize, however, the underlying regulation mechanism is un-

clear. In this study, twenty free amino acid contents were measured in the shoots and roots of zmnlp5 and wild type

(W22) plants under hydroponic culture on sufficient nitrogen(SN) solution and deficient nitrogen(DN) solution.

When compared with WT plants, a majority of amino acids(40%-70%) in the zmnlp5 mutant shoots and roots were

significantly decreased under SN and DN condition, with approximately 6.08% and 77.70% decreases. The total

amino acid content also significantly decreased, with reductions ranging from 17.91% to 45.82%. In addition, zmn-

Ip5 plants exhibited stronger mutant phenotype in root tissues, especially under deficient nitrogen conditions.
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Table 1 Analysis of free amino acid contents in the roots of the WT and zmnip5

seedlings under sufficient nitrogen conditions wele
IR L gaEpIv zmnlp5 7L R A Ak(%) P1H

Amino acid Wild type zmnlp5 mutant Change P value
AR (Glu) 142.26+16.47 74.07+0.67 -47.93 0.028 01
A S WL (GIn) 246.33+24.82 215.61+8.89 -12.47 0.241 09
Jifi 222 (Pro) 0.38+0.01 0.360.01 -6.08 0.017 34
K2R (Arg) 12.69+2.79 8.24+1.66 -35.04 0.076 80
KA R (Asp) 76.52+1.11 63.78+15.45 -16.64 0.227 58
RATERE (Asn) 452.28+14.42 109.20+29.30 -75.86 0.000 66%*
WA R (Lys) 8.00£2.13 4.32+1.21 -45.99 0.060 07
JRE R (Thr) 18.78+2.84 11.38+3.00 -39.39 0.036 12%
HEA R (Met) 2.01£0.69 1.54+0.06 -23.12 0.308 38
TR (Ala) 133.98+15.36 96.22+4.07 -28.19 0.078 29
B SR (Val) 24.34+5.43 13.20+1.78 -50.33 0.078 37
SR (Leu) 17.37+2.33 9.63+2.05 -44.53 0.012 48
SEE R R (1e) 12.45+3.04 6.49+1.00 -47.85 0.032 10%
2253 (Ser) 77.45+18.82 46.66+10.61 -39.75 0.069 14
[t 4 B2 (Cys) 0.23+0.07 0.15+0.02 -36.04 0.104 74
H 2R (Cly) 9.34+2.68 4.04+0.58 -56.78 0.078 43
548 (Trp) 2.27+0.02 1.86+0.08 -18.03 0.001 02
Fi% Z 2 (Tyr) 21.2242.53 15.86+3.68 -25.27 0.105 99
AN %% (Phe) 5.63+1.62 3.19+0.05 -43.39 0.064 34
2H 7 (His) 12.97+3.45 7.02+0.91 -45.82 0.044 84
FIHERR A (Sum) 1278.75+118.90 692.85+112.44 -45.82 0.029 53%

FR2 ZRAEMET zmnlps RGBT LB Bkt AL D HFEERERSENH
Table 2 Analysis of free amino acid contents in the shoots of the WT and zmnlp5
seedlings under sufficient nitrogen conditions el
AHEER Lijgacpii zmnlp5 FAFR A2 Ak (%) P1H

Amino acid Wild type zmnlp5 mutant Change P value
A2 R(Glu) 93.58+7.99 147.85+15.17 57.99 0.005 39#*
A A EIE (GIn) 399.83+3.25 226.08+34.37 -43.46 0.019 17*
i %2 2 (Pro) 0.750.01 0.72+0.01 -4.16 0.006 81
K22 (Arg) 34.84+10.30 30.70+10.37 -11.86 0.650 00
KA FR(Asp) 55.24+7.61 46.36+3.09 -16.06 0.229 49
KA (Asn) 1699.29+241.95 1641.21+£373.28 -3.42 0.870 53
8 2R (Lys) 12.02+5.36 7.85+2.84 -34.72 0.299 21
FRAHR(Thr) 48.04+5.03 29.26+6.01 -39.10 0.036 45+
AR (Met) 1.55+0.12 0.35+0.04 -77.70 0.000 075
TR (Ala) 521.50+19.02 322.09+46.66 -38.24 0.030 48
HA IR (Val) 21.50+4.22 12.03+2.42 -44.05 0.028 05%
SEE R (Leu) 12.83+0.20 6.21+0.10 -51.56 0.000 59###
SILER (1le) 9.34+0.35 5.12+0.34 -45.18 0.006 70%*
24 55 iR (Ser) 291.02+39.40 170.23+39.13 -41.50 0.043 29%
R (Cys) 0.19+0.05 0.13+0.02 -31.24 0.133 34
HE&FR(Gly) 163.50+6.72 125.75+10.14 -23.09 0.048 20%
{827 (Trp) 1.77+0.44 0.86+0.14 -51.61 0.026 22%
Ji% S R (Tyr) 24.34+3.09 12.88+0.34 -47.07 0.034 97
LR (Phe) 5.00+1.78 2.30+0.23 -54.04 0.059 46
21 22 (His) 14.67+6.09 11.97+5.26 -18.38 0.592 67*
FAHENR B8 (Sum) 3410.79+25.57 2799.95+73.17 -17.91 0.005 983
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Table 3 Analysis of free amino acid contents in the roots of the WT and zmnlp5

seedlings under deficient nitrogen conditions nglg
IR Hp ] zmnlpS SEZEAA A4k (%) PAE

Amino acid Wild type zmnlp5 mutant Change P value
BEE(Glu) 64.15+7.85 30.30+6.48 -52.77 0.012 97+
A AR (Gln) 96.34+10.64 50.60+5.35 -47.47 0.032 27%
Jifi 222 (Pro) 0.67+0.01 0.56+0.03 -16.39 0.035 14%
Hi a2 (Arg) 14.21x1.04 9.18+1.88 -35.39 0.080 49
KA R (Asp) 23.41+1.46 14.12+1.08 -39.67 0.018 63*
KA BENE (Asn) 14.65+2.28 4.43+1.30 —-69.72 0.031 38*
R (Lys) 10.47+0.93 6.14£2.05 -41.38 0.112 64
IR (Th) 11.05+0.56 7.42+0.58 -32.89 0.023 81*
AR (Met) 1.75+0.22 1.41£0.21 -19.75 0.120 00
N2 (Ala) 67.75+2.01 49.02+5.35 -27.64 0.043 54
4512 R (V al) 13.63+0.10 7.76+1.86 -43.09 0.024 17*
SEE R (Leu) 18.77+3.12 11.94+1.83 -36.39 0.030 86%
SESE R (1le) 11.11£1.99 6.87+1.30 -38.18 0.036 79
225 (Ser) 28.77+3.27 12.47+4.11 -56.66 0.048 14
2 (Cys) 0.130.01 0.1120.02 -11.69 0.259 51
HE W (Gly) 4.78+0.78 1.97+0.49 -58.76 0.049 47+
{852 (Trp) 1.73%1.16 1.22+0.11 -29.78 0.009 38
fifs 2 R (Ty) 12.53+0.44 8.01+1.88 -36.10 0.080 59
TN Z % (Phe) 3.81+0.18 1.68+0.31 -55.91 0.058 06
2 2R (His) 6.41x0.22 3.48+0.72 -45.66 0.031 21
G R 5 (Sum) 406.12+27.62 228.69+47.85 -43.69 0.040 06*
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AT AN Fe (e 4). BER TR ANEIREE T EF AR
PR D 21 AU i o T LR K Gl Asn
1 Ala, AR RRIRR SR Asn Gln Al Ala, (RE 1
AR T A AU RE, 20 PR LR TR A 9 Bl &= LR
TS A R A B - 20 20 rp B3 R R, 20 3R Glu

Gln,Asn,Ala, Val, Leu.Ile,Ser fl Trp, T k&3 [ N
24.73% ~ 65.58%. WA, ZAE AR Kb Pro A1 His 7
SEAHA AR R R — RSP B B
A= T RA RHAR S 2 5L B 1M 363.62 pglg, ZmNLPS
FER AR AR 220.16 wglg, B35 FF%39.45%.
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Table 4 Analysis of free amino acid contents in the shoots of the WT and zmnlp5

seedlings under deficient nitrogen conditions welg
BIEFR Hp A Y zmnlp5 FAF 25 4k(%) P1H

Amino acid Wild type zmnlp5 mutant Change P value
BHE(Glu) 32.09+4.03 17.71£1.95 -44.81 0.045 11%*
A S WEE (GIn) 73.35+5.83 38.29+5.82 -47.80 0.026 52
JI#i 22 (Pro) 0.39+0.04 0.47+0.13 20.83 0.489 35
K2R (Arg) 7.03+1.83 5.54+0.96 -21.11 0.282 82
KA (Asp) 25.16%3.75 20.77+3.54 -17.44 0.35209
KA R (Asn) 67.71+4.61 50.96+2.59 -24.73 0.046 37*
7R (Lys) 7.27+2.51 3.67+0.90 -49.55 0.196 30
IR (Th) 7.43£3.95 5.76£2.12 -22.38 0.555 85
FEH R (Met) 0.82+0.13 0.79+0.16 -10.52 0.562 04
TN (Ala) 60.93+10.42 27.65+1.51 -54.62 0.046 55*
SR (Val) 7.72+0.81 4.7740.29 -38.18 0.039 71%
SEAAR (Leu) 7.47+0.81 3.27+0.34 -56.19 0.021 35%
FEAEAR (1e) 6.710.68 2.31+0.58 -65.58 0.020 19%
22531 (Ser) 33.29+5.72 13.79+2.67 -58.58 0.048 62%
Jit 2R (Cys) 0.11+0.01 0.09+0.01 -8.22 0.399 12
H& R (Gly) 1.67+0.23 1.65+0.05 -0.74 0.948 44
(SR (Trp) 1.09+0.19 0.6720.11 -38.66 0.030 57+
TS (Tyr) 11.52+4.45 6.73+2.19 -41.62 0.191 74
RN (Phe) 3.33+0.23 2.21+0.27 -33.98 0.529 56
ZH AR (His) 8.53+1.61 13.09+4.52 53.56 0.174 29
FABER B3 (Sum) 363.62+20.70 220.16+5.91 -39.45 0.013 36*
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