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Effects of Ammonium and Nitrate on Callus Growth of Tobacco and Soybean and
Activities of Nitrogen Metabolizing Enzymes
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Soybean and tobacco tissue cultured with modified MS media containing 4 different ratio(as N) of nitrate to ammonium
combination which were 3:0,2:1, 1:2 and 0:3.

The highest callus growth in soybean were observed in the 2:1 medium. The medium containing nitrate only was
detrimental to soybean callus growth. Tobacco callus grown with nitrate-only grew as well as those in the 2:1 and very
slowly with ammonium-only.

In tobacco callus, the total nitrogen in the callus increased with the increase of nitrogen concentration in the medium, but
in soybean callus, the opposite result was noted.

Nitrate reductase activity in tobacco callus was high when grown with nitrate-only but low with ammonium-only. In case
of soybean callus, nitrate reductase activity was high in the 2:1 and remarkably low in nitrate-only medium.

Both in soybean and tobacco callus, the activity of glutamine synthetase was high with nitrate-only, but low with
ammonium.
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TAEE L YF(Glycine max L) ‘FdF7 o)
(Nicotiana tabacum 1.) ‘NC 2326'% AM&slgioh shijs &
3 FAE d7d Rdol gEs F 2 2o w I
2 WopEe] oAste) DY ANHAT, AFEAE 45
B F water agare] SEee] FopI AT A2AE A5
71 93t callusE G715t 307 Aulst e E7]9
ol 5dd BT R 4SS et %5% ethyl
dchole] €2 AAHT DE4E 44T & A4 HF B
uh2-2 A7kt 1% sodium hypochloriteo] 587+ AMFat ¥
AITE 458 FAste 3-5mm Z7|2 e}t wiA]e] X4
3lgc). Callus §7]8 wizl= MS #jR|e] 22 mM 24-
dichlorophenoxyacetic acid(24-D)& #7}s}9 1, pH 53-558
ZAsE YR A L 25°C, 00Lux 94 2P0 2 3}
0L 7t o, callusE F71A S 15 ARG callusE A
sted A4 vlgE 2 MiAE oA sldh AL ¥E
& NOs-N9} NHe+-N9| u]$o] 2:19] MSujA|E HPAA
3:0, 211, 12, 0:39) v &2 5] A AR o9 gE 4
¥ dEzTe FYsA Ao 74 A gL
2 ok wiF 20, 40, 60, 30l WAFE FHNAL
HE ¥ A, AL, A8 F callus®] A5 )
£ XAkt ‘

Az E48y 24E 4% AlgE 0IM potassium
phosphate buffer(pH 7.0)2 1:29] H]&2 WY 4°CoA vt
#3le 13,000rpm(Sorvall RC50C, DupontA}, SA 600 rotors
o f) o2 15%7 dAFHT F AL A5HE A
o oA %32 Bradford(1976) 2.2 343110}
Glutamine synthetaseZA-E Golova$-(1984) 2] wlo] o}e}
270mM Tris-HCl buffer (pH 7.2), 70mM NH20H HCI,
35mM MgS0O4, 8mM ATP(adenosine triphosphate) %
170mM mono sodium glitamate® A 8.9} 3] 225mle]
HEE 3lo] 3IC $£xA BEL d-A17] F 075mle]
ferric chloride§-4-& Fol W8S FAANAS wHEFAHU
ferric chloride- 842 A(02N HClo 10%2] FeClz 6H20E £
#]), B(24% trichloroacetic acid (TCA)), C(185% HC1)-&-
S 22 w2 Ao uE FAA A AHEE AA3)
7] $d 3000pme2 1047 A F 2 F5As
s} 540nme A F3}=(Milton Roy, Spectronic 1201, New
York)2 2xslgldh T4 1 unit: 29 F3%7} 00193}
8 722 519.0m, specific activity: unit mg-lprotein .3
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Nitrate reductase®A]-& Jaworski(1971)2] o] o}e} &
A3tk 05g2) callusell 0.1M Na-phosphate buffer(pH 75),
0.02M KNO3, 5% propanol &8t} 5ml-& Y3 25°C ¢4l
A SAZE WEAIZE o] WHE 04mle] 1% sulfanilamide
(3N HCle] £-3)¢} 002% n-1-naphthyl-ethylenediamine

hydrochlorideZ 77t 03ml4 ¥ 2087 A Fo] F
54 dmlE o] 540nme) A} F33%(Milton Roy, Spectronic
1201, New York)E Z#3}e] NaNOs RZZA7 v 2549
o}
LERERL 80°CAA AZAZ AR 1g& digestion tube
o ¥ kjeltabg 1704 ¥& & sulfuric acid 10ml-& 7}
g ¥ digester (Digestion system 20, 1015, Tecator, Hoganas,
Sweden) & o] &3l 420°CollA 2417t Fot EaAget &
HAZ A5 FFHT EF ¥ o distilling unit
(Kjeltec system 1028, Tecator, Hoganas, Sweden)S o] 43}
1% bromocresol greens}t 0.7% methyl red indicator solutiono]
3% 4% boric acid 25mle] Y3 receiver flaskel] 33}t
o] A& 0.IN HClo]t} 05N HCIZ o] ¢lo]A o (neutral
grey)7kA AA stk AAA ke AOAC(1R0)H L2
AArst
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Figure 1. Effect of NO3 : NHs* ratio in the culture media on the
fresh weight of callus in Nicotiana tabacum.
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Figure 2. Effect of NO3- : NH4* ratio in the culture media on the
fresh weight of callus in Glycin max.
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Table 1. Effect of NO3 : NH4* ratio in the culture media on the
total nitrogen and protein of callus in Nicotiana tabacum and
Glycin max.

Treatment(ratio) Nicotiana tabacum Glycin max

Nitrate  Ammonium Total nitrogen Protein Total nitrogen Protein
(% FW) (mg-glFW) (%FW) (mg-g!lFW)

3 0 0.181 0021 0237 0.106
2 1 0103 0.031 0260 0.082
1 2 0170 0042 0278 0072
0 3 0.09% 0.039 0.285 0092
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Table 2. Effect of NO3- : NH4" ratio in the culture media on the
nitrate reductase and glutamine synthetase activities of callus in
Glyein max and Nicotiana tabacum.

Nitrate reductase
(mM reduced NO3/g F.W./hr)

Treatment(ratio) Glutamine synthetase

(unit/mg protein)

Nitrate Ammonium Glycin max  Nicotiana tabacum Glycin max Nicotiana tabacum

3 0 0.063 079 1.874 0.760

2 1 0223 0540 0.906 0486

1 2 0191 0307 0697 0462

0 3 0197 0259 0.660 0418
o3 B ¢9 YATES A5 M ¥R A
AR sTold FUAd Fopol e ok B AFA
BIg upe} o] stressol g A wel7| AT why

ZIA210| nitrate reductase(NR)2} glutamine synthetase
(GS)&Mo|| njxl= &
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LT 2 Ao Fotor Ry Al TEToA
3hAd o] ukobr(Table 2). Vezina®} Langlois(1989)= %
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callus§-o] F 335}
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Calluse) nitrate reductase®] $4$ e o AAbe)
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ALgHgTol A o] Fokow stige] ALchETolA
A o] ysidt.

=

ol
— O

B

Ao

AOAC (1980) Official method of analysis of the AOAC. 13th ed, pp 858

Bradford MM (1976) A rapid and sensitive method for the quantization
of microgram quantities of protein utilizing the principles of protein-
dye binding. Analytical Biochem 72: 248-254

Behrend J, Mateles IR (1975) Nitrogen metabolism in plant cell
suspension cultures. Plant Physiol 56: 584-589

Bryne TG, Hasek RF (1979) Poinsettia leaf injury associated with NH4+
fertilization and low soil pH. Flor Rev 165: 65-68

Curits VG (1979) Metabolic detoxification of ammonia in tissue of higher
plants. Phytochemistry 18: 375-382

Dougall DK (1977) Current problems in the regulation of nitrogen
metabolism in plant cell cultures. In W Bars, E Reinhard, MH Zenk,
eds, Plant tissue culture and its biotechnological application. Springer-



Verlarg, Berlin Heidelberg New York, pp 76-84

Gamborg OL, Shyluk JP (1970) The culture of plant cells with
ammonium salts as the sole nitrogen source. Plant Physiol 45: 598-600

Ghazi TD, Cheema HV, Nabors MW (1986) Somatic embryogenesis
and plant regeneration from embryogenic callus of soybean(Glycin
max L.). Plant Cell Reports 5: 452-456

Golova TP, Pushkin AV, Tsupurn VL, Evstigneeva EG, Ketovich VL
(1984) Purification, quaternary structure, and some properties of
glutamine synthetase from pumpkin roots. Academy of Science of the
USSR, Moscow. Translated from Biokhimiya. Plenum Pub. Co.

Goyal SS, Lorenz OA, Huffacker RC (1982) Inhibitory effects of
ammonial nitrogen on growth of radish plants. 1. Characterization of
toxic effect of NH4* on growth and its alleviation by NO3™. ] Amer Soc
Hort 5ci 107: 125-129

Jaworski EG (1971) Nitrate reductase assay in intact plant tissue.
Biochem Biophy Res Comm 43: 1274-1279

Lee SG, Shim SI, Kang BH, Bae KK (1997) Changes of nitrogen uptake,
growth and activities of nitrogen metabolizing enzymes by different
source of nitrogen in tobacco. Kor ] Crop Sci 42: 515-521

Leidi EO, Silberbush M, Lips SH (1991) Wheat growth as affected by
nitrogen type, pH and salinity. I. Biomass production and mineral
composition. ] Plant Nutr 14: 235-246

Martin SM, Rose D, Hul V (1977) Growth of plant cell suspension
cultures with ammonium as the sole source of nitrogen. Can ] Bot 55:
28382843

Moon CH, Chung GC, Ha SH (1991} Effect of light and nitrate on the
nitrate reductase activity in cucumber plants. ] Kor Soc Hort Sci 32:
157-162

Nelson RS, Horn ME, Harper JE, Widholm J (1984) Nitrate reductase
activity and nitrogenous gas evolution from heterotrophic
photomixotrophic and photoautotrophic soybean suspension cultures.
Plant Sci Lett 34: 145-152

Pare JS (1973) Uptake, assimilation and transport of nitrogen compounds

Effects of Ammonium and Nitrate on Callus Growthn 61

by plants. Soil Biol Biochem 5: 109-119

Patrick NO, Lawrence BO, Samy MA (1985) Effect of nitrogen level and
time of application on the protein content and amino acid composition
of irrigated wheats. ] Agric Food Chem 33: 688-691

Peter RM, Thomas EO, Gray MP, Bouthyette PY (1987) Nitrate-induced
changes in protein synthesis and translation of RNA in maize roots.
Plant Physiol 84: 52-57

Sargent PA, King J (1974) Investigation of growth promoting factors in
conditioned soybean root cells and in the liquid medium in which
they grow: ammonium, glutamine and amino acids. Can J Bot 52:
1747-1755

Schrader LE, Domska D, Jung PE, Peterson LA (1972) Uptake and
assimilation of ammonium-N and nitrate-N and their influence on the
growth of com (Zea may L.). Agron ] 64: 690-695

Vezina LP, Longlois JR (1989) Tissue and cellular distribution of
glutamine synthetase in root of pea (Pisum sativum) seedlings. Plant
Physiol 90: 1129-1133

Wakhloo JL, Staudt A (1988) Development of nitrate reductase activity
in expanding leaves of Nicotiana tabaccum in relation to the
concentration of nitrate and potassium. Plant Physiol 87: 258-263

Wakiuchi N, Matsumoto H, Takahashi E (1971) Changes of some
enzyme activities of cucumber during ammonium toxicity. Plant
Physiol 24: 248-253

Yoon KE, Kim JC, Min TK, Son SH, Kang SK (1979) Effects of
nutritional conditions on tobacco(Nicotiana tabaccum) cell suspension
culture. J Kor Soc Tobacco Sci 1: 1-8

Zielke HR, Filner P (1971) Synthesis and turnover of nitrate reductase
induced by nitrate in cultured tobacco cells. ] Biol Chem 246: 1772-1779

Zink MW (1982) Regulation of nitrate reductase by various nitrogen -
source in cultured Ipormoea sp. Can ] Bot 60: 386-396 '

(197 1294 204 A)



