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Effects of different nitrogen forms on key enzyme activity involved in nitrogen

metabolism and grain protein content in speciality wheat cultivars
WANG Xiao-Chun', XIONG Shu-Ping!, MA Xin-Ming'*, ZHANG Juan-Juan', WANG Zhi-Qiang®

(1. College of Agronomy He'nan Agricultural University, Zhengzhou 450002; 2. Ccollege of Life Sciences Wuhan University, Wuhan 430072).
Acta Ecoloegica Sinica,2005,25(4) :802~807.
Abstract ;In order to understand the effects of nitrogen form on key enzyme activity involved in nitrogen metabolism and grain
protein content of speciality wheat cultivars, pot experiments were carried out at experimental station of Henan Agricultural
University during 2000~ 2002. Soil containing 9. 8 g/kg organic matter, 0. 986 g/kg total N, 25.43 mg/kg olsen-p and 259
mg/kg NH,OAc-K was used in the experiments. 18kg of sieved soil was placed in each 30cm X 40cm pot. Three cultivars were
used in experiments including Yumai34 (a strong gluten cultivar), Yumai49 (medium gluten) and Yumai50 (weak gluten).
Nitrogen forms studied were NO; -N (NaNQO;), NH,-N (NH,HCO;) and CONH,-N (urea). Prior to sowing, 3.5g N, 3.3 g
K,O and 2.9 g P,O; per pot were applied and 1. 6 g N was applied to each pot during the elongation stage. Seven plants from
each pot were selected when plants had five leaves. The experiment was arranged in a completely random design with eight
replications and all pots were managed in the same way.

The NR activity of flag leaves from main stems were measured at 10,15, 20, 25 and 30days after flowering using the
method of living body. GS and GOGAT in grains and flag leaves were extracted in the 100mmol/L Tris-HCl (pH 7.6)
extraction buffer containing 1. Ommol/L EDTA, 1. Ommol/L MgCl; « 6H;O and 10mmol/L 2-mercaptoethanol, and were used

for the assay of enzyme activity. The synthetase activity of GS in extracts was determined in a reaction mixture containing

imidazole-muriatic acid buffer (0. 25mol/L, pH 7.0) 0.6ml, glutamic acid-Na (0. 30mol/L, pH 7.0) 0.4ml, ATP-Na (30

BE4UB.MEEERAEMEAAT LEESEBME (2002KJCX05); B HHE LSS B H (20040466003)
W B :2004-03-04; 81T HRE : 2005-03-08

EE® . E/DA (1966~ , &, MEEEANEL .BH8BE.TENFESTEYETR,
* W IRAEFE Author fc respondence. E-mail : xinmingma@ 371. net

Foundation item: He’nan Innovation Project for University Prominent Research Talents (2002KJCX05) and Found for Doctor’s Degree
Programs, Minstry of Education(20040466003)
Received date;2004-03-04; Accepted date;2005-03-08

Biography : WANG Xiao-Chun,Ph. D. , Associate professor,mainly engaged in molecular.



ENg FARBESEENEHEPELSANHRBEEERFRES RSB W 803

4 3

|

mmol/L, pH 7.0) 0. 4ml ,MgSQO, (0. 5mol/L) 0. 2ml and crude GS solution 1. 2ml, after the mixture was incubated at 37 C for
15min, the reaction was terminated by adding acidic FeCl;(2% (W /V) TCA and 3.5% (W/V) FeCl; in 2% HCI). Production
of Y-glutamylhydroxamate was measured with a spectrophotometer at 540nm. One unit of GS activity was the enzyme
catalyzing the formation of 1pmol 7-glutamylhydroxamate/min at 37°C, the whole GS activity was determined by the g mol
sum of 7- glutamylhydroxamate catalyzed by the whole enzyme per gram fresh material in 15min at present condition. The
assay of GOGAT activity were carried out in reaction mixture containing L-Glutamine (20mmol/L) 0. 4ml, a-ketoglutaric acid
(20mmol/L) 0. 5ml, KCL{10mmol/L) 0. 1ml, NADH(3mmol/L) 0. 2mL and crude enzyme solution 0. 3m!, the total volume
is 3. Oml by being added with Tris-HCI buffer(pH 7. 6,1. 5ml). After reaction beginning, the amount of NADH was measured
with 752 ultraviolet -spectrophotometer at 340nm, the OD value was noted per 30 seconds and eleven times continually, the
enzyme activity was determined with the steadily decreasing segment of the OD value. One unit of GOGAT activity was the
amount of the enzyme catalyzing the decrease of 1 p mol NADH/min in the reaction mixture at 30°C. After being milled, the
grain protein was deposited in water with 5% AcCl; at 90'C, and the protein content in grain were measured with the way of
semimicro Kjeldahl.

The results showed that the key enzymes involved in nitrogen assimilation, NR, GS and GOGAT, responded differently
to N forms due to the speciality wheat cultivars. The NR and GS in leaves, GS and GOGAT in grains of Yumai34 were
promoted greatly by CONH,-N, and the protein content in grains was highest at last. When NH,-N was applied to Yumai49,
the activity of key enzymes involved in nitrogen assimilation were increased evidently, and the grains kept the highest protein
content. Applied with NH,-N, NR activity of Yumai50 was the highest, but the activities of GS and GOGAT in grains and
leaves were increased by CONH,-N treatment, and aﬁplying CONH;-N could increase the grains protein content clearly. Grain
protein content was closely related to GS activity in flag leaves and GOGAT activity in grains after flowering, but not to NR
and GOGAT activity in flag leaves and GS activity in grains.

Key words: nitrogen forms; wheat cultivars with specialized end-uses; nitrate reductase; glutamine synthetase; glutamate

synthase ; protein content
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BREES . BERSESHEANEWS, — 2B I KEERA TERFG T KESHEYHE AR BEXREBEEN TGS
H,GS/GOGAT R ERERUMEERE . M A MEH LR RS, 0 5 Z A M BEEREES Y, SEREH,NH] -N 4
EANESH MM HEEEL NO-N B E, FRELE MR EAEBEEF ., BRI ERRALESRLH £
EERBRE MR ESRRNEREKR S ER . BEXTRAREESMNANE KBHHESEYLERKRETRZ HMR
Ehe s HAEXRAERESUARSTHMENEZATEHARMXBBEHEAFNSRE R RERD. B EF5TF
2000~2002 FELLRA P HAFH/NEAIME EERRJGTERGEHUMRTEERLIMNARTRHBNERERER L XE
BEEAMHEEARSENEW. BENTAHANEZORARENSGHNEEZEREARBKRE.

1 RBL4EB5E

FRIAE T 2000~2002 FHELEWEENBERLY KFREANRBH T, RELTHEHORSEEN - AYLE 0. 98X 10'mg/kg,
2% 9.86X10°mg/kg, M A 72. 47mg/kg, B 25. 43mg/kg, ARH 2. 59X 10°mg/kg, HHEFE L 18kg(HH EHRE 30cm, H
40cm) , LRI, MIABF R BB PERE M. FHNERE OB H/DNELRE 50;3 A EREE R NO:-N (4317 4
NaNO;) .NH.-N (44 i NH.HCO;) 1 NH,-N(G#h &R ) . B HE A Eai & 5. 1g,K,0 3. 3g #1 P,Os2. 9¢,P.K & T & F Al
— KA LN B 7 s SAHLAI B TRAMMKRTHEA., BENEZAEALRER 10 MAMHN, MERIEREE A
X RE. RE T 10 15 HE B . S2FM 1B, HHES . SE8E 7. SHEK, SR —3H L HHEX &K
&, L9 b iE EULHES)  EBEE S KRG KATWEBEE. s KATREMZ).

2 NEMBERNIE
(DEBREJREE (NR) FHEMS 10.15,20.25.30d B 9+ 00~10 : 00 BUEM ., S BCEkUV W E NR %4, EE 3 K.
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B RARREMAEEREH 100mmol/L.pH7. 6 ¥ Tris-HCl 8 W # (% 1mmol/L MgCl,,1lmmol/L EDTA #i 10mmol/L 2-#
BB SEESIR, 5B TF 13,000 r/min B> 25min FER EE, BT GS HHEMW 2 . & BB EE R B HBIM T 0. 6ml
B s - £ A% 28 W (0. 25mol /L ,pH7. 0),0. 4ml 45 8 B 44175 ¥ (0. 30mol/ L,pH7. 0),0. 4ml ATP-Na ¥ # (30mmol/ L,pH7.0),
0. 2ml MgSO, ¥ ¥ (0. 5mol /L), BEEFRK 1. 2ml, AR 25 CARBF4RB 5 min J5, MA 0. 2 ml EREEHFFH KN, 15 min
JGSLERANA 0. 8 ml BRYE FeCls i F & 1k X . JBFMFE 4000 r /min .0 15 min, € L EBFE 540nm LR EFE . — 1 GS
B ALE LR ER P& T TE 15min BB A AEATE R lumol-FEABARERTENBR, BB B RS FBE
W FE 15min [ 5 B B B] A AEALTE AR V- E Bt R R g BR #Y pmol L.

A BBESE (GOGAT) HMEAERFE GS. R NWIBESHE AT 0. 4ml 20mmol /L B L-2& & BEF 0. 5ml 20mmol/L B
a-F X — 8 ,0. Iml 10mmol/L # KCI1,0. 2ml 3mmol/L NADH #i 0. 3ml B % , B &FH 3. 0ml, A B 4+ H 25mmol/L & Tris-
HCl Z ¥ (pH7. )32 (1. 5mD . KW BB fE . 752 #4ha] R 66 E T T 340nm 4% 30s M€ 1 MFEBE, ELEWE 11
K B EERER /DY —BREGEEEHEYE. — 1 GOGAT BHENEX N EZRMNFZHT . B2 K NIES B>
1pmolNADH 2 — 4 Eg & 800 .

WEBARSE HAEXTHBE B SUN=EILBEIOCKATNREERR . REHA¥XHEKERAENEeEGA T
B, MERUEAGRLRERENABEARTEY.
3 H#REGH
3.1 RBIEDXAR L H/DE BN HR RS MR W

ANERLITUESR . ARIETAEBNERAFEEREEBEEDIERE Id XEXERAEEZFTRREE ., BEAREA
BNESHNBBEESHRNAR ., BEHNEERE M ERESALET BRI 25d Fb M FIHRE R BT E B &%
B ESALBEEERRK HMEALEEL . PH/IEREZ 9BRAER 25d 7 BEESALAE T EMHREFEEEE S, T#E
25d fILITH S AL B RR ZEUBRESLERK. FHIARZRZSOEEZSALHETEHHREFEEER S IIFITLED
EWIMGESS 25d BRI BN ARESAETENHERAEREERRIABT LA —.

X1 BARESHABEETRE/NEILG M BT RS ONR) 1% KN
Table 1 Effects of N forms on NR activity in leaves of speciality wheat cultivars after flowering (pg/(g » h))

H LG X ¥ Days after flowering (d)

In g Item

25 30 10 15 20

&8 N-NO; 42. 87a 138. 36b 98. 90b . 33.12b 31. 68b

?ii; AR N-NH 33. 72b 98. 42¢ 55. 99¢ 47.13a 29. 43b
Bt B A 8 N-NH, 43. 54a 219. 45a 119. 3a 29. 43b 65. 63a

WA E N-NO; 28. 45b 226. 31c 134. 24b 42. 71a 36. 35b

?ﬁi:jg &5 A N-NH/ 45.11a 322. 96a 160. 83a 23. 99b 55. 96a
B B & 2 N-NH; 40. 64a 273. 31b 154, 87a 30. 46b 30. 98b

WAE N-NO; 33. 82¢ 222. 96¢ 66. 29b 28.11b 32. 86¢

;ﬁiigo AR N-NH; 69. 95a 390. 69a 163. 30a 24. 44b 57. 49a
Bk i 745 8 N-NH, 49. 71b 317. 45b 55. 55¢ 37. 09a 50. 35b

* RPHE/|A I EER EHE, a.b.c TBE SN EBFEKFE T HER Each value was the average of 3 measured data, a.b and ¢ mean
significant at 5% levels of probability; T [ the same below

3.2 BAFRIBAXTAEF BB /N2 kR A0 i 4 2 Bt 5 B B T 1 B 2

AR ERBNZFEMEY GSEEZRARRRESHEZHBARGE D, MAFRAEN GSERBLERARER. ¥
b GS {EYEAETFIE S 10d #1 30d B E+p 8 m K F , FFAE)E 15d 3| 25d 1N GS {EHERM, MEM GS EHEF UG RFEEn, £
HiEE 25d 2B EE,ZEFETR. AREFANEDRM GS EHRIAARE ., BAB/NERE 34 /G 15d 7l BHESALETFH
BGSEREE AL 2dE . BESALBET GCGSHEEES HMEARZLETHEEE - ERK MEMT GSEHHRLUBESA
B, HSALEBERK RSELHED,WEARMNHEY GSTEHNERYBANEEZFKY. PHPEZRE 49 FRMIE
M GS FHY U ESALETER, UBESALHERK HESELHE B HEH GSEHAEATALE TR A IR L HE Z
S hn . 5D FrRMEM GSERHIUBREKESALE TR, UESRALERR  HIEALHEE P, HEMN GS EHEX
EFHEAT B EKF,
3.3 REESXWARETHAEPZHFAAEN SRS EEENRH
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Table 2 Effects of N form on GS activity in grains and leaves of speciality wheat cultivars after flowering

FERK., PAI/NERE 49T RN EEHE

H I )5 K ¥ Days after flowering (d)

Im B Item
10 15 20 25 30
BE REES e o0 ome D0 om0V owe O g BV
Cultivars N forms Grains Grains Grains Grains Grains
leaves leaves leaves leaves leaves
S E N-NO; 25.21b 252.36c  10.45a 331.40c 13. 92a 367.45¢c 9. 14a 424. 35¢ 33. 46¢ 345. 74c
?ia?f% & A K N-NH, 42.152  267.56b 11.31a 348.78b 14.79a  384.82b 12.62a 518.16b 51.71b  367.45h
B &5 A N-NH. 31.29b 320.98a 10. 45a 434. 34a 16. 09a 506.43a 13.49a 059.42a 68.21a 403. Oba
S E N-NO; 24. 78a 295.36b 10.45a 338. 35b 16. 09a 393.94b 14.79a 466. 47b 30.42a 397. 85b
‘iﬁfui;ig # AR N-NH, 28.69a  325.76a 12.62a  429.99a 16.09a  446.06a 15.22a 533.36a 32.16a  458.22a
Bt A B N-NH, 24. 78a 225.00c 7.41a 336.61b 15. 66a 340. 09¢ 14. 35a 384. 82¢c 29. 56a 297. 09¢
HSE N-NO; 26. 51a 278.85b 8.71a 347.47b 23.91a 378.31b 18. 26a 524.67b 35. 64b 358. 33b
?uiasiow S E N-NH; 24.34a  264.08c 5.67a 317.94c 22.61la 353.99¢ 8.71b 391.77¢ 29.56b  337.92¢
Bk e A B N-NH, 28. 25a 359.20a 8.71la 413.05a 25.21a 471.69a 18.70a 646. 28a 42Z.15a 500. 79a
X3 EEESHAREABENMEZEFRANENPEERSE(GOGAT) BAERE T
Table 3 Effects of N form on GOGAT activity in grains and leaves of speciality wheat cultivars after flowering
F LS5 K¥ Days after flowering(d)
T B Item
10 15 20 25 30
SH MERS T L I S A
Cultivars N forms Grains Grains Grains Grains Grains
leaves leaves leaves leaves leaves
H S A N-NO; 29.65b 11.65a 19.06b 10.59b  26.47b  9.53b 15.88b 8. 47a 12. 71a 8.47a
%i;;zdt AR N-NH/ 29.65b 12.7la  22.24ab 13.77ab 29.65ab 12.71ab 16.94b 10.59a 14.82a  10.59a
B A A N-NH, 34. 94a 13.77a 26. 47a 15. 88a 31.77a 14. 82a 22.24a 12. 71a 15. 88a 12.71a
HAE N-NO; 29. 65ab 9.53a 23.30ab 8.47a 27.53a 9. 53a 18.06b  7.41a 15. 88ab 6. 35a
?ifw & 75 4 N-NH, 32.83a 10.59a 25.41a 11.65a 28.59a 10.59a 24.35a 8.47a  19.06a  7.4la
B SR N-NH, 25.41b  9.53a 20.12b  8.47a 22. 24a 8.47a 19. 06b  7.4la 12.71b 5. 29a
ES A N-NO; 30.71b  12.71a 25.41a 10. 59a 28. 59a 8.47a 19. 06ab 6. 35a 13.77ab 5. 29a
?uiaiOSO BEER N‘NH:' 28.59b 10. 59a 19. 06b 9. 53a 23.30b  8.47a 14.82b 7.41a 11. 65b 6. 35a
&t e 5 B N-NH, 37.06a 13.77a 27.53a 12.71a 31.77a 9.53a 21.18a 8.47a 16.94a 7.41a
3.4 BREEASWNAREEHYMPEHFNEARSENZE N Fd4 BEEESHAGERABMEFHNESRSENHE R
MEATGTUBFBE  BH/NEBREMEIHARARES Table 4 Effects of N forms on grain protein content in speciality
AET HREEARSBREARNR BESALET, RO K  wheat cultivars (%)
5
FEENIC2ZN, AU HSEENMESRELERET E;Trivars Yffiiggcl Yffii429 Yffiisgo
18. 900640 17. 7806, BB FE KV S REMMESRELET  Jwa NNO; 13. 65b 15. 10a 14. 40b
HEEOREE25 N 13.78% M 13.65% . —_HEERAEE. & & A N-NH/ 13. 78b 15. 31a 10. 32c
h /N EREOEISHAREZRR LB THEEAFRSE BERE S A N-NH; 16. 23a 12. 88b 16. 27a

K NTEER N AR T

1 (15. 31 Y >HEARAEB A5 10 > B RS R AL E
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24% 538 . FH K3
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TP EAREGEEFNBEFHKF B SAELE

R FFRLERE

e BN 16.27% 57 5 LA A ﬁ&tﬁﬁl?ﬁu

RACFREIMT 12.99% M 57. 66 % . SR E L ESREREIM T 39.54%.
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GOGAT FEH 2 B Ea ik B 2HX, REEN GS ik GOGAT A BE/NEHFEEARNTERIBRPEEXBIER . Fi
| R E BN B B I P G OB

¥5 FREERSRSEEEHHEEMNAXSM
Table § Correlation analysis of the grain protein content and enzyme activity after florescence

7 )5 K ¥ Days after florescence(d) 10 15 20 25 30

HEH P EEE LA NR in leaves 0. 5048 —0. 2328 —0. 3931 0. 2488 0. 1858

i b A & BEHS B GS in grains 0.2232 0. 6573 —0. 0436 0.6759" 0. 4964

Er Ay & B RS BLEE GS in leaves 0.7476" 0.7772* 0.8104 " * 0.8175** 0. 6883 "

¥ A & 8RS8 GOGAT in grains 0.7530" 0.8575* * 0.8401" * 0.7835" 0.8018*

e P EMESE GOGAT in leaves 0. 4904 0. 5344 0.4820 0. 40524 0. 3835
4 HiFHiTie

AEENEAKEET BRI EEBRE RMEFRILEZ— NR.GS f1 GOGAT 2 A ER BN ABE . IR GS S5

£ ERMEYAY . RERHEFP LN LSRR NEEXRIBPXEBHEHEERNAAENLZL, FAGE —EWBFRE,
WA RTEAFR R, S E ISR AL, A NR BH AR LA S GS #1 GOGAT EHME N . ARG REW ,/DEFN
F GS ERERPAE KBENEIN, RS GOGAT MHEEUARSE JFERARE . B/ NELATEH HENEH HHNEE,
AP GSIEHHERKULE D . HATBENANAREXEETE, TREZWNREHANEH 28 TH B GS EH.

¥R GS #1 GOGAT &M ah S 5EM AR . /5 10d Z2FRIE B,
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