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Ampaian sel kacang tanah (Arachis hypogeae L.) telah diperolehi 

daripada kalus dengan pengampaian di dalam medium L6 yang mengandungi 

0.5 mg/I kinetin dan 2.0 mgtl 2,4-0 . Aktiviti enzim-enzim utama dalam 

tapakjalan metabolisme nitrogen, nitrat reduktase (EC 1 .6.6. 1 :  NR); glutamat 

dehidrogenase (EC 1.4.1.2: NADH-GDH); glutam at sinthase (EC 1 .4. 1 . 16: 

NADH-GOGAT) dan g lutamin sinthetase (EC 6.3 . 1 .2: GS) pada ampaian sel 

ini telah dikaji. Enzim utama asimilasi nitrat, NR didapati berfungsi dengan 

aktiviti yang tinggi di awal fasa pertumbuhan sebelum menu run pada hari ke 

6 hingga ke akhir fasa pertumbuhan. Kedua-dua tapakjalan asimilasi 

amonium , GDH dan GS/GOGAT juga berfungsi pada ampaian sel kacang 
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tanah.  Aktiv iti NAOH-GOH adalah tinggi pada awal fasa pertumbuhan sel 

manakala aktiviti enzim GS dan GOGAT meningkat di akhir fasa 

pertumbuhan. 

Oi bawah tegasan Aluminum (AI), kadar pertumbuhan dan morfologi 

sel berubah bergantung kepada kepekatan AI yang digunakan . Pada 

kepekatan 400 liM AI, kadar pertumbuhan sel yang diuku r berdasarkan 

isipadu mendap sel d idapati susut sehingga 22%. Kehadiran AI juga didapati 

merencat aktiviti enzim GS dan NR, manakala aktiviti enzim NAOH-GOH 

meningkat dan NAOH-GOGAT tidak menunjukkan perubahan keta ra di awa l  

fasa tetapi menu run d i  akhir fasa pertumbuhan. Secara in vitro A I  tidak 

menyebabkan perubahan ketara kepada aktiviti enzim in i, menunjukkan 

kesan toksik AI tidak secara langsung kepada enzim berkenaan tetapi 

kemungkinan kepada bahan-bahan perantara yang terlibat dalam tapakja lan 

berkenaan. Kepekatan amonium da lam sel didapati t inggi menunjukkan 

berlaku pengumpulan akibat kesan toksik AI. Oengan menggunakan ku ltur 

ampaian sel kacang tanah ini, teknik penyaringan sel-sel yang toleran kepada 

AI telah diperoleh i . Mela lu i  teknik ini, penyaringan sel-sel yang toleran dibuat 

dengan mendedahkan ampaian sel bersaiz 500 um kepada kepekatan AI 

daripada 50 - 400 liM secara berperingkat-peringkat. Setelah mela lu i  

langkah-Iangkah sepert i  pengsubkulturan, pengasingan dan pemulihan sel 

yang dapat mengubahsuai kepada tegasan AI, sel-sel toleran diperolehi . 

Profi l serta aktiviti enzim-enzim utama da lam tapakjalan asimilasi n itrat dan 

amonium pada sel toleran ini juga berfungsi sebagaimana sel normal. Oi 
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bawah tegasan AI, aktiviti enzim NR dan GS pad a sel-sel toleran ini didapati 

meningkat terutamanya pad a fasa awal pertumbuhan sel. Aktiviti-aktiviti 

enzim NADH-GDH dan NADH-GOGAT pula tidak menunjukkan perubaha n  

ketara pada sel-sel yang toleran ini di bawah tegasan AI. Kajian ke atas profil 

protein secara elektroforesis menunjukkan terdapat satu protein yang diaruh 

di  bawah tegasan AI, kemungkinan terlibat dalam mekanisme toleransi sel 

kepada tegasan AI. 

xx 



Abstract of thesis submitted to the Senate of 

Universiti Pertanian Malaysia in fulfilment of the requirements 

for the degree of Master of Science. 

NITROGEN ASSIMILATION OF ALUMINUM SENSITIVE AND 

TOLERANT CELLS AND ITS REGULATION UNDER 

THE ALUMINUM STRESS IN GROUNDNUT CELL 

SUSPENSION CULTURES 

By 

Mohd. Puad bin Hj. Abdullah 

Mei.1 994 

Supervisor : Assoc. Prof. Mohd Arif bin Syed, PhD 

Faculty : Science and Environmental Studies 

Cell suspension cultures from groundnuts (Arachis hypogeae L.) were 

obtained from cal lus using L6 medium contain ing 0.5 mg/l kinetin and 2.0 

mg/I 2,4-0. Key enzymes in the n itrogen metabolic pathways, viz. n itrate 

reductase (EC 1 .6.6. 1 :  N R); glutamate dehydrogenase (EC 1 .4. 1 .2: NADH

GOH); glutamate synthase (EC 1.4.1.16: NAOH-GOGAT) and g lutamine 

synthetase (EC 6.3. 1 .2: GS) from the cel l  suspension were studied. N itrate 

reductase is a key enzyme in n itrate assimi lation. H igh enzyme activity was 

obtained during the early phase of growth. The activity was reduced after 6 

days and dropped further until the last phase of growth. GOH and 

GS/GOGAT which were involved in the assim i lation of ammon ium were also 



active. High NADH-GDH activities were obtained during the early phase of 

cell g rowth while the GS and GOGAT activities were active during the later 

part of the growth phase. 

Under Aluminum (AI) stress, the rate of cell growth decreased. The cel l  

morphology also changed, the extent of which was dependent on the 

concentration AI used. At 400 tLM AI concentration, the cell growth rate 

measured as satelled cell volume (SCV) decreased by 22%. The presence 

of Al also inhibited GS and NR activities, whi le NADH-GDH activities 

increased. No changes in NADH-GOGAT enzyme activities were observed 

during the initial stage of cell g rowth but decreased during the later. In vitro 

studies showed that Al did not cause significant changes in enzyme activities 

indicating that the toxic effects of AI were probably manifested through the 

effects on the intermediates involved in the metabolic pathways. Under AI 

stress, the cell ammonium concentration was also elevated, suggesting that 

its accumulation was due to the toxic effects of AI. 

USing groundnut cells in suspension cultures, a screening technique 

for the selection of AI tolerant cell has been developed. Screening of the cel ls 

was carried out by gradually exposing the cells, measuring more than 500 um 

to varying concentrations of AI (from 50 to 400 tLM). After a series of steps 

which included subculturing and isolation of the cells, cells which were 

tolerant to AI were obtained. The activities of the enzymes involved in nitrate 

and ammonium assimi lations in the tolerant cells were sim ilar to normal cells. 

When the same cells were subjected to AI stress, NR and GS activities 
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increased. NADH-GDH and NADH-GOGAT enzymes showed no apparent 

changes in activity in the tolerant cel ls. Electrophoretic studies also showed 

a new protein band being induced under AI stress, suggesting that it was 

probably involved in the AI stress mechanism. 
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BAB I 

PENGENALAN 

Kesan fitotoksik aluminum (AI) adalah merupakan faktor penghad 

utama kepada pertumbuhan tanam-tanaman di kawasan tanah berasid d i  

selu ruh dunia (Foy, 1 988). Untuk mengatasi masalah in i  beberapa kaedah 

telah d iperkenalkan. Salah satu daripada kaedah tersebut ialah penggunaan 

bahan tanaman toleran yang terbukti berkesan dan murah (Foy, 1 988) . 

Keupayaan tumbuhan mengubahsuai kepada kesan toksik AI adalah 

berbeza dari satu spesies ke satu spesies yang lain (Foy, 1 988) , 

menggambarkan perbezaan tahap toleransi kepada A/, Kefahaman tentang 

mekanisme ketoksikan dan toleransi terhadap AI merupakan keperluan utama 

sebelum usaha penyaringan bahan tanaman yang toleran dapat dibuat. 

Beberapa hipotesis mengenai mekanisme toleransi tumbuhan kepada 

AI telah dihurai Bennet dan Breen ( 1 991 ) serta Taylor ( 1 99 1 ) . Salah satu 

hipotesis yang dicadangkan ialah pembentukan halangan pH di bahagian 

rizosfera akar tumbuhan (Taylor, 1 991 ) .  H ipotesis ini adalah berdasarkan 

kepada penurunan kelarutan AI apabila pH sesuatu medium pertumbuhan 

meningkat. Kelarutan AI akan berkurangan pad a ju lat pH 4 hingga 5 (Blamey 

et a/. , 1 983; Fageria et al. , 1 988) ,  I ni bermakna tumbuhan yang berupaya 

mengekalkan paras pH yang tinggi di dalam medium atau di kawasan 
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