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Abstract: Under solution culture, used Cu-tolerant cultivar 89112 and sensitive cultivar Shuang-70 of Nicotiana labacum
L. as plant material, five Cu levels (0, 0.5, 1, 5, and 10 mg-L™"') were applied to study the effects of copper on
nitrogen metabolism. The results showed that with the increase of Cu concentration, the contents of NO, -N in two Nicotiana
tabacum cultivars were increased firstly and then decreased, and the NO, -N contents in 89112 were higher than in Shuang-
70. The negative effects of Cu on the assimilation of NO, -N were increased with the treated length. , The activities of GS
and GOGAT were increased firstly and then were inhibited by the increased Cu. Then, as the treated length prolonged, the
inhibitory effects were increased. In constrast to Shuang-70, the enzyme activities were higher in 89112, implicating that
the 89112 is more tolerant to high Cu stress. At low Cu lever, activity of glutamate-pyruvate transaminase ( GPT) was
increased, and content of the free amino acids was reduced. The decline of the free amino acid contents in Shuang-70 was
more rapidly. Compared with the control, protein content was increased by Cu stress. In short, it is indicated that Cu stress

may enhance nitrogen transformation metabolism in Nicotiana tabacum L. seedling.
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PN 0 Cu®t FREYRE N 64 pe- L AT K G4 R AR B DY R R (L ( PEPC) FO T 132 31 (8.3 1Y
BN o ot B A S R BER B TS T, (RISERELAS NH, [ SRR L, R NH, 7EA8 1 1Ak 8 B 1T f AR 35
ZE WM. FARAN T ZHEYE T T RN BT, R AEY £ RO R BB, AARBKEAR
5. YRR FMLE EER R AR R X 4 B T AR BR S T FO S8 W i , Tl R b 28 3o R D B SR B
B RGBS SEERNA RS, W MBS RE(NR) A EBS R S E M A B (GOGAT) (K
AW R (Asp AT) Z5CHEES 5 THALAIAT S . — S8l i KIEuEmrgs T 3888 4 T KRS MY
S AR T M AR LSS 48 ), GS/GOGAT #4822 R R R B R 42, i BEE M AR R &, e 1
R EHEVERRAR' o ASHFTshi e X B B BRI AT T 5%, BRI E 28 S 5 A4 KAl 2
W] , S — 25 o A B A AR LR AR
1 Rz %
1.1 breHE IR Ak 2

TEF 4 4 ¢ 89112 4R BURAY  XL-70" MM FAE Ry ikgads ko #FhF#EATIR 5, 10% i H,0, 17/ ¥
RIEEFE 1S min, 7£ 25°C T BEEER 24h, ARG 2 EA IR SR ILS , M7 R FREMEIIV 7. &
RS 4 B RIFE  ERKEBN — BN B R AE Hoagland £E R, FHEFR 7 d )5, MEEFHRE
AR, 4LA CuSO,+5H,0 MM A . 4iE B E 510 TL (0 mg-L™"),T2 (0.5 mg-L™"), T3 (1
mg-L™"), T4 (5 mg-L™"),T5 ( 10 mg-L™") , % 2d BE#: 1 IREFRW . A3 15 d F130 d J5 BUREHEATHE B A= 2
TEPRIIISE , AL 3 MEE
1.2 WEsehnfr ik

ARMSTROMESHHKER W ENE, 5EBKA B (GS) I MEARYE T/ g7
o BRI (GOGAT) ¥E R FAARE " M7 B I , A A H v e B A S R A T SR P B = ) W
BARSEONE A% D RER R ME ., SAHEN(GPT)EES R WElE.
1.3 Hithk

e WL B ) B B AE AN RIAC B IR ) 22 e AT SR IR R 5 224007, 3F F LSD k7 22 7 BRI
2 GRS
2.1 X MR 4l AR AL R
2.1.1 HXEELEHESA(NO, -N) H5#

B3R 1 AL, AR R4 B VR BE T Bl AL B R] A3 n , W~ A e i NO, -N S B TR, i ZEAb 3
I [E)— 5 B9 2R AF T, B R B B vk B 1S, B S R e rp ) NOS N 5 B S 3 InJs AR, O EL7E 5 iR B vk
BER 1 mg- L7 BAFIEAME, AP 89112 FH~H [ 43 F3 i T 51.4% (15 d) H198.7% (30 d) ; T & FhowL-
70 43 BB T 20.4% (15 ) F1108.2% (30 d) .

®1 HFFEEHEHSESEHRE
Table 1 Effect of Cu®* stress on the content of NO; -N in tobacco seedling

B HAb PR ] (d) Hi¥k B Copper concentration(mg-1."1)
Suu ; Time of Cu
pecies treatment 0 0.5 1 5 10
89112 15 9.787 £1.050b 10.001 +0. 388b 14.818 +0.288a 14.604 £0.113a 10.199 +0.488b
30 7.826 +0.190b 8.929 +0.858a 9.421 £0.434a 6.493 £0. 143¢ 5.723 £0.216¢
W-70 15 3.715 +0.677¢ 3.802 +0.234c¢ 7.382 +0.131a 6.009 +0.822b 3.437 £0.073¢
30 2.890 £0.262c 4.398 +0.346b 6.017 +0.431a 3.969 +1.081bc 3.080 +0.176¢

FHRBUENFE £ MR E, AR FREREFBFH (P <0.05,L8D #:) Data are presented in the format of mean = standarderror;

Different letters mean singnificant differenceat P <0. 05 according to LSD test
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2.1.2  HXHERELE A AW A B (GS) &P R

HIZR 2 WA, PSRN GS HOTEPETEALERAY 15 d 70130 d HRBEE HR o B vk B2 A3 i, B2 B L 3 ) e
1R A%, 89112 FES T RWE N | mg- L™ KBIBAKME, 5% HEAR LU M BB T 91. 0% Fil 42. 4% 5 T XL-70 7E
HTRRREE R 0.5 mg- L™ K BB RAE, 534 HAREL AR B AN T 24. 5% F121.1%

x2 HFEBEEHESRBES RN
Table 2 Effect of Cu®* stress on the activity of GS in tobacco seedling

B HAb PR ] (d) Hi¥k B Copper concentration(mg-1."1)
Suu . Time of Cu
e treatment 0 0.5 1 5 10
89112 15 0.822 +0.198b 0.926 £0.151b 1.570 £0. 143a 1.074 £0.276b 0.696 £0.192b
30 0.733 £0.022bc 0.844 +0.044b 1.044 £0.022a 0.585 £0.110c 0.533 £0.182¢
W-70 15 0.696 +0.090ab 0.867 +0.089%a 0.807 0. 156ab 0.681 +0.051ab 0.585 +0.078b
30 0.563 +0.180a 0.681 £0.189a 0.593 £0.026a 0.504 £0.034a 0.422 £0.022a

2.1.3  HR R4 EIREE(GOGAT) T LR

HIZE 3 AT, ZEALTE 15 d 130 d, BA/SALFRI ) GOGAT F)9% M BE o 4 o B8 ¥k BE )3 il , GOGAT f)
TEHESEHE NG BEAR, 24 PR YR BN 5 mg- L™ GOGAT Fy T Mk BB KA, 55 % AR Eu 43 514 n T 51. 9% 70
34.7% ,34.8% M1 21. 5% ; M K& AL BERBHIIEAN, B3> S FHE ) GOGAT J& MEREAR o

R3 AMEELYES SREE R

Table 3 Effect of Cu®* stress on the activity of GOGA T in tobacco seedling

il HALBRETE] (d) HiYe B Copper concentration (mg-L ")
Suu ; Time of Cu
pecies treatment 0 0.5 1 5 10
89112 15 0.104 £0.022¢ 0.158 +0.009a 0.136 +0.006b 0.117 0. 009bc 0.075 0. 009d
30 0.101 £0.019a 0.136 £0.019a 0.127 £0.022a 0.110 £0.005a 0.060 +0. 006b
x-70 15 0.115 £0.006b 0.155 +0.011a 0.120 £0.012b 0.113 £0.028b 0.070 +0.009¢
30 0.107 £0.008b 0.130 £0.005a 0.116 +£0.003b 0.113 £0.010b 0.061 +0.009¢

2.2 HxHEE A R AL R
2.2.1 HX RS AR (GPT) & PR R IR
HIZ 4 FH, ZEFRALEE 15 d A1 30 d, BEE SRR E KBS A3 0, PSR AR A 5 GPT 15 YRR 4 R
BE BRI Se T 5 5 WA, FESAL VR BE S Img - L Bk BB ORH . T Bl AL 38 R B34 fin, 89112 ) GPT E‘J
EYEA BT i, (H2X-70 ) GPT KiEHEBA B R R EL o

x4 FEFNBEEHEAREIEEENH N
Table 4 Effect of Cu* stress on the activity of GPT in tobacco seedling

il H b PSR (d) Hi Y BE Copper concentration(mg+L 1)
suu X Time of Cu
PEC®® " treatment 0 0.5 1 5 10
89112 15 33.832 +0.6%4c 45.731 +4.251ab 52.817 +4.614a 50.980 +4.564ab 42.318 +4.594b
30 48.180 +4.624b 54.129 +1.093ab 55.442 +1.093a 53.430 +2.806ab 50.367 +1.144ab
-70 15 33.920 +1.347¢ 43.281 +4.100b 55.354 +2.083a 54.917 +1.604a 34.007 +4.518¢c
30 47.568 +0.9%c 51.505 +1.061b 53.430 +0.401a 47.918 +0.9%c 44.943 +1.446d

2.2.2 SRR R AR A B
MR 5 AL ZEFALER 15 d 130 d, Bk 5 R B vk BE X3 i, 5k FR AR EL 1 df A I 7 o 30 B R TR
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B BRI B, B e R T BB R, W R R IR S R AU 1T A AL BER B I, B AR e
MR B RR & B2 T M.

RS AMNEEYHEHFEEERSEHZN

Table 5 Effect of Cu®* stress on the content of free amino acids in tobacco seedling

Ll HilAbPRETE] (d) Hi Y BE Copper concentration(mg+L 1)
snn X Time of Cu
pecies treatment 0 0.5 1 5 10
89112 15 1.251 £0.101a 1.009 +£0.182b 0.808 +0.062c¢ 0.754 +0.040¢ 0.620 +0.084c
30 1.050 £0.062a 0.835 +0.145b 0.700 +0. 153bc 0.633 +0.081bc 0.552 +0.070¢
*N-70 15 1.090 £0. 199a 0.915 +0.040ab 0.875 +0.176ab 0.767 +0.062b 0.727 £0.023b
30 0.956 +0.107a 0.862 +0.163ab 0.754 +0.185ab 0.673 £0.107ab 0.552 +0.081b

2.3 HXHEE A E A RS R R

I3 6 IR, ZESRALEE 1S d #1130 d Ji16], BEE 6 S vk BE A3 i, A~ A 2 1 B S R S  R A
LI A IR BE RSB AN, (BoRIA B 38 225 5 B 6] B, Bl A BN (6] )38 A0, 1 i A B B B B & B
TR

®6 ANBEEHHERRSEBHXIE

Table 6 Effect of Cu®>* stress on the content of protein in tobacco seedling

Ll HilAbPRETE] (d) Hi Y B Copper concentration(mg-L 1)
snu X Time of Cu
pecies treatment 0 0.5 1 5 10
89112 15 0.332 +0.020b 0.356 +0.040b 0.411 +£0.008a 0.420 +0.037a 0.351 +0.009b
30 0.281 +0.008a 0.288 +0.017a 0.324 +0.006a 0.334 +0.050a 0.295 +0.019a
*N-70 15 0.344 +0.014a 0.353 +0.049a 0.373 +£0.015a 0.377 +0.006a 0.346 +0.012a
30 0.280 +0.025ab 0.282 +0.010ab 0.290 +0.046ab 0.327 +0.010a 0.282 +0.004b
3 iFig

TER R, 40 A R 3 BRI A R B S RE- 25 2 B A R ( GS-GOGAT) s 247 1™ o
GS RAbFRMM LSRR, 25 2 A BHIRT, REE NH, -N Rim gz —" gk
ZHABES BELSE SHAS KRN . CS 1% MM % T8 40 i Py 2 50 U QI AT /B AR I 52 3
B . SEBRE( GOGAT) 2R X Rt b M mE " , £ TR AL A ML S 2 P %
BERYY . WEAMASAE AR R RE LS AW & RS R . DRTBFIEIA
N, BRI RS (NR) SR BERE S RS (GS) AR MR A B (GO/GAT) RA X LB ik "™, S/
GOGAT B BUEEF B & S AR FE B2, ERN AR BN AR B EERER " . w
RIS (NR) 2 AR R I NO; 3B JFUR NH, (BRI , 7S R0 & B BB R M PR IR 15 P I /D
HE R NO; B2 R e, AL P AR, A REAR™ . ARXKH, 7ERREWRER
HALTET , BB SRR A NO, -N & &3hn, Ui BRI R B Mk B I AR AL 3R = T NR BTE A, R R R
FIERAL T NO; -N & BRI, UL R B MR A0S T NR 35 M, B s YR BE i 4R % B i B I R
BERIEW, XGRS HAME SR EY BB A KB4 R ™5 6S TR R A 4%
BARERAEZE ™ o 75 ATP {ERERVIBILT , IXERE L NH, S/EMAET A EBE . 4iRX%H , GS.GOGAT #
TEPERE A 4R B B R R A3 N, 256 LTS R s 5, B AL 3R ] 8 5 AR, 10 BH 1 o BV B AR A T
JHE A FR B S A R AL R T, T L 33 40 61/ i 80 J5% o A UL ) 490 1 PR 22 K T e o 89112,
Mick 25 (R B, MK (AP i NH, -N & BIFE B, GS G PR 9 FHE ™) o Tercé-Laforgue 2R GS
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TEPERTH R A X HAAR Py NH, S BT ) —Fa@ RLALH] , MR GS BEIN MR B RIEMEHOE R o G E
AL AT LA NR H GS A —E W FEIER .. EAPIFRRY,/NERHER IR P X LR S 2 IA M
AL, A —E PRI, BEBT NR TR PERHE T LAE S GS I GOGAT &R N> X — 45 Rt 5
W (Cd) AR A —B

REME G EE B RH E R, dRE B R R 2 . GPT A R AN N BRI ¥ 3t 5% 4k o
NEBRMN o-F % BR8] KR U, GPT fE R AR 15 BRI B R 9 o i AU P R R AR A,
GPT T P3N, R AR BRI A8, 28 F1 B0 T I, 5 e AQIna . i  E R 5 A GPT 3 4k T
T4 B MR A A AR AL o AR A S o K R R b 5 WL A 4 SR 7 R R B S A 3
BRARE T GPT BTl 1, i TR i s AR & B, AR & BREEE CPT MGtk A
Ao E T L, RS RE RN M A B R BRI R IR S A F AL B B R B R T [ A

B TR, MR BEAR T 1mg - L B, X AR 4 0 BRI — 58 B IR HE M, DATIT PO F 08 0 2
F 8 R B TR W BE AL B (KT 1mg- L") XM RE A 1 A BRI — & M ST o, SR BRI 4 B %
W% e AR 75 A EE 1.0 ~ 1.2 mg- L™ Z B4R —2L,
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