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Evidence has been presented to show that the first step in the convers~on nf tr?olop.han to indole acetic 
acid by .4~~nbucteriunr tiirmfaciem involves Lransamination. The properties of a 58-fold purified t ~ y p i o -  
phm-p1:cnylpyruvatr. amino tramfcrase preparation with respect to specikcitj, optimbm pH, rempc- 
ralnre and grotectioii against tiiermal denaiuraLio;~ by subsimtes aud cofactoral avc bcen studied. 
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Z. Introduction 

The production of plant tunlours by the genus Agr.obucteriu~ri is a well knoun pheno- 
menon. Tumorigenesis in plants by Agvobacierium tumejaciens has received the atten- 
tion of several research gronps hecause of the great virnlence and wide host ranre of the 
organism. In recent ycars several excellent reviews have appeared which deal in detaii 
with the biochen~ical and molecular aspects of tumour induction by Agi.obu~teriicnl izime- 

f ~ c i e n s l - ~ .  

1.t has been shown by w e r a l  authors that hornlone-like substances are synthesized by 
Ag-robacteriuin furnefucieus and ~hese  in turn may be respmsible for tumour production 
in plants. The role of I k 4  in tumour formation has been reviewed by Braun'. The 
kyper-awric condition of tomato crown-gall tissues has been demonstrated by Link 
and Eggersz and Dye r l  ai6. Lippincotts7 have clearly established that bacteria of 
Bgrobacteiiuin genus actuallv produce the hormones in plant cells. 

That IAA is clezrly involved in tumour production by Rgrobacteriwn rumefu~icns is 
shown by the fact that some strains of rhis bacterium fail to induce tumour on ronmo 
stems w-ithout addzd auxina-< Klein and Link' have suggested thai bacterial auain is 
required either ro promote transformed cells into continued multiplication or as 
cocarcinugen in the transformation process. 
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Production of other hormones such as cytoliinin and cytokinin active substanceslu-11 
and cytokinesd"ave also bee11 shoi%n. 

The role of tryptophan in the bioge-enesis of auxin and also the probable intermediate 
involved have been discussed by Fawcett13. The conversion of tryptophan to the plant 
hormone may involve either the initial deaminstion of the aminoacid fo l lo~ed  by &. 
carbo~ylation'~-'~ or initial decarboxylation followed by deamination1"ls. The available 
evidence'+-" seems to support the view that the first step involves the formation of the 
keto acid which in turn forms indole acetic acid via indole acetaldehyde. 

Kaper and Veldstra'3 have reported the accumulation of indole pyruvic acid in the 
culture filtrates of A. tzcmefacier~s grown in media containing tryptophan, which further 
suggests that the conversion of tryptophan to indole acetic acid involves the formation 
of indole pyruvic acid as an intermediate, probably by transamination. 

Preliminary studies in our laboratory showed that crude extracts of A. tumefacien, 
contained transarninase activity with various aminoacids as amino donors and a number 
of keto acids as amino group acceptors. It  was observed that transatninase activity 
with tryptophan and either a-0x0-glutarate or phenylpyruvate was significant. Further, 
it was found that the two activities could be readily separated. 

The present comlnunication deals with the partial purification of the tryptophan. 
phenylpyruvate transaminase. 

2. Materials and methods 

2.1 .  Organism 
Agvobacterium fzimefaciens, strain Be, was used throughout this work. The virulence 
of the organism was shown by the development of galls subsequent to inoculation of a 
suspension of the bacterium on the tomato (Lycopersicum esculentum) and sunflower 
(Hehnt/rus annuus) plants. 

48-hour cultures of bacteria grown on potato-sucrose-agar slants were transferred to 
liquid media containing nitrate as the sole nitrogen source" and incubated for 48 hours 
at 30' C. The bacterial cells were collected by centrif~igation at 5,000 g for 15min. 
Cells were washed with 0 .1  M phosphate buffer pH 7.0. Extracts were prepared by 
suspending the cells in the same buffer and exposing them for 20 min to sonic vibration 
in a Baytheon 10 kc oscillator. After removal of the cell debris by centrifugation in the 
cold (0-4") at 13,000 g for 15 rnin the supernatant was used for further purification. 

2.2 .  Assay of the tryptophan-phenylpy~wate transaminase 

The enzyme assay was performed in 2 ml reaction mixture containiilg 1 pmole of L-trypto- 
phan, 2 ,moles of phenylpyruvate, 0~05pmoIes of pyridoxal phosphaie, 25 pmoles 
of veronal : HCl buffer pH 9.6, 0.5 ml of enzyme preparation and water up to 2.0 ml 
Incubation was carried out at 1.5' C for 60 pin. The reaction was stopped by the addi- 



tion of 0 . 5  ml of 15% trichloroacetic acid. 4 ml of peroxide-free ether was added to 
each tube. The tubes were shakeu and the layers separated by centrifugation. , ~ ~ i ~ ~ ~ t ~  
from the aqueous layer were taken for the colorimetric estimation o l  tryptopl~an accord- 
ing to ihe method of Horn and Jones"". In the case of controls, the enzyme was added 
after the addit~on of trichloroacetic acid. 

2.3. Estimation of phenylpyvuvatc 

phenylpyruvate was estimated spectrophotonletrically by the method of Lin r t  &c, 

The deprotcinized reaction mixture was suitably diluted and treated with hog kidney 
tau.tomerase prepared by the inelhod 01 Knox and P~ t t ' ~ .  Bol-ate was added at a Enal 
~oncentraiion of 0-57 M, pH adjusted to 6.3 and the absorption measured at 299 

2.4. Estimation of phenylulanine 

~ h c  amino acid was identified and estimated by circular paper chromatographic tech- 
nique" using Wllatrnan No. 1 paper and butanol : acetic acid : water (4 : 1 : 5) as the 
solvent system. 

2.5 .  Estimation of protein 

Thc protein content of the enzyme preparations was determined by the method of Lowry 
et nl",using crystalline bovine serum albumin as standard. 

2. 6. Substrates and cofactov 

L-tryptophan, a-.oxoglutara?e and pyridoxal phosphate %ere obtained from Hoffman -La- 
Roche Co. Ltd. Phenylpyruvaie was prepared by the method of Herbst and Stemin30. 
The p~ri-ty OF the phenylpyruvatc was checked spectrophotometrically according to tke 
method of Liu et alLt. 

3. Results 

3.1. PuriJication procedure fop trypfopllan-phenylpyruraic transaminase 

All the steps were carried oiit in the cold (0-5" C). 

s tep  I : I t  was observed that treatnient of the cmde extract with tricalcium 
gel at pH above 6 . 5  resulted in rctcntion of some of the inactive proteins by 

the gel but lirtle adsorption of the transaminase. The tolai activity of the supernatant, 
conlpared to the crude, increased, presumably duc lo the removal of an inhibitor. 

The crnde extract (pH 7.0) was treated with half its volume or tricalcium phosphate 
eel (15 1ng/m1)~'. After stirring for 15 min, the suspension mas centrihrged and the 
precipitate discarded. This negative adsorption of the extract resul.ted in a 6 .6  fold 
purification. 



Step 2 : The pH of the supernatant of step 1 was adjusted to 5 by the dropwise addi- 
tion of 6N acetic acid. The precipitated inactive protein was removed by centrifugation 
a t  13,000 g for 15 min. 

Step 3 : The supernatant from the previous step was treated with twice its volume of 
tricalciurn phosphate gel. The suspension was stirred for 20 min and centrifuged. The 
supernatant was discarded. The enzyme uras eluted by stirring the gel with 0.1 M phos- 
phate buffer pH 8.0 for 15 min and centrifuging. 

Step 4 : The eluate was subjected to a second negative adsorption by adjusting the 
pH of the enzyme to 7.0 with dilute acetic acid and treating with an equal volume of 
tricalcium phosphate gel for 15 min. The supernatant obtained after centrifugation 
of the suspension was used for further purification. 

Step 5 : The supernatant from step 4 was adjusted to pH 5.0 with 6N acetic acid 
and treated with alumina C, ge13"0.Z ml geljml enzyme). The mixture was centri- 
fuged after 15 min and the supernatant discarded. 

The enzyme was eluted by treatment with 0.1 M phosphate buffer pH 8.0 for 15 min 
followed by centrifugation. 

A summary of the steps involved, the degree of pur&ation achieved and the penen- 
tage recovery obtained is given in Table I. 

Though the crude extract was stable for over three months at - 20" C, the partially 
purified preparation was found to lose activity either on freezing or storing at 0-4' C 
for more than 72 hr. 

Table I 

Progress of purification of tryptophau-phenylpyruvate transaminase from A. tumefaciens. 

Step Sp. activity Fold puri- Total % recovew 
a. tNp. fication activity 
dissapp./mg 
protein 

Crude 20 - 2700 - 
Calcium phosphate negative 
adsorption 133 6 6 3000 111 
pH 5.0 supernatant 150 7.5 3000 111 
Calcium phosphate eluate 300 15.0 3000 111 
Second negative adsorption on 
calcium phosphate gel 370 18.5 3000 111 
Alumina C, eluate 1350 67.5 2300 90 



3.2. Specificity 
The partially purified preparation was conipletely inactive with tryptophan, histidine, 
methioniae, leucine. valine or isoleucine as the amino donor and a-0x0-glutarate as 
acceptor. However, phenylpymvate, dimethyl-pymvate and hydroxypbenylpyn!vate 
were very similar in their ability to  act as amino group acceptors, with the above- 
mentioned amino acids as amino group donors. 

Of the variaus amino acids tested with phenylpyruvate, tryptophan, leucine, valine. 
isoleucine and tyrosine showed higher activity while niethionine and bistidine were less 
active. DL-aspartic acid, DL-alanine, DL-threonine, L-arginine, L-gh~xamine and DL- 
serine were nd. effective as an~ino donors (Table IT). 

Under the conditiom of incubation up to 90 min, within reasonable limits, there was a 
correlation in the disappearance of tryptophan and phenylpymvatb. Because of its very 
unstable nature and progressive decomposition with time indolepyruvate was not 
estimated. 

3.4. pH-aetivity curve 

The activity of the enzyme at various pH values was stndied by usingphospllate (5.8 to 
8.0), tris : HC1 (8.0 to 9 .  l), veronal : HCI (8.0 to 9.6) and glycine : NaOH (8.6 to  
10.6). A steady increase in activity was observed up tO pH 9.6 and there u.as a drop 
in activity at higher pH values. The activity was quite s i d c a n t  even at pH 10.6 
(Fig. I). 

Table U 

Phenylalanine formation with various amino donors 

Reaction mixtures : 2 pmoles of pl-,c.nylpyruvate, 2 pmoles of the amino donor, 0.1 pmoles of pyri- 
doxal phosphate, 25pmoles of veronal: HCI buffer pH9.6 and enzyme ; incubation was at 45'C for 
60 min. 

Amino donor pmoles Amino donor moles  
phenylalanine phenylalanine 
formed formed 

L-Tryptophan J 0- 50 LGlutamic acid 0.02 
DL-Histidine 0.09 DL-Aspartic acid 0.00 
DL-Mkthionine 0.20 DGAlanine 0.00 
DL-Leucine 0.51 DGThreoniue 0.00 
DLValine 0.41 GArgininc 0.00 
DGIsoleucine 0.51 JAiluia~nine 0.00 
L-lhmsine 0.45 D L k i n e  0.00 
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FIG. 1.  pH activity curve. 
Reaction mixtures were the same as mentioned under Materials and Methods except that glycine: 
NaOH buffer was used at the pHs indicated (i.e., pH 8.6 to 9.6). 

Temperatme, "C 

Fro. 2. Effect of temperature. 
Reaction mixtures were same as in Materials and Methods, incubated at different temperatures 
for 60 min. 

3. 5. Effect of temperature 

The activity of the enzyme was found to increase with temperature from 25 to  50' C. 
At higher temperatures the activity levelled off (Fig. 2). 



TRYPTOPHAN-PHBNYLPYRUVATE AMINOTRAWSFERASE OF A. tumefaciens 57 

Table m[ 

Heat inactivation in the presence and in the absence of substrates and cofactors. 

Reaction mixtures : Same as mentioned under Materials and Meti-ods (Section 2). The eozyme 
was heated at the indicated temperatures with or wjtIiout the substrates or cofactor for 5 rnin and 
chilled immediately. Incubation was continued folr 60 miu at 45" C aftt-r the addiiion ol  other 
constituents. 

Temperatwe  moles tryptophan disappeared when tEe enzyme was 
"C. heated with 

No 
addition 

Pyridoxal 
phosphate 

3.6. Heat stability of the enzyme 

The enzyme was found to  be markedly heal. stable in the presence of substrates or pyri, 
doxal phosphate. Heating the enzyme in the absence of substrates or  cofactor for even 
5 min at 50" C resulted in a drop in activity, and complete inactivation was observed 
at 70" C (Table TIT). 

Though all the three components of the reaction mixture, namely, tryptophan, phenyl, 
pyruvate and pyridoxal phosphate afforded protection against heat denaturation, pyri- 
doxal phosphate was found to  be the most effectme, phenylpyruvate and tryptophan 
being less effective in that order. 

Incubation of the enzyme with pyridoxal phosphate at 45" C for 30 min, under the 
onditions involved, did not result in any reduction in activity. Incubation was there- 
fore routincly performed at this temperature. 

3.7. Effect of enzyme cnneentration 

The activity of the enzyme increased with increaae in protein concentration from 10 to 
c100 pg (Fig. 3). 



ug enzyme protein 

FIG. 3. Relationship of enzyme concentration to activity. 
Reaction mixtures were the same as mentioned in the text except for the vnriation in eJlZyMe concen- 
rrations. 

4. Discussion 

Accumulation of indolepyruvic acid in culture filtrates of A. tumefaciens grown on 
tryptophan con~aining media has been demonstrated by Kaper and VeldstraZ3. Their 
conclusion was based an the comparison of the chromatographic pattern of the decom- 
position products of indolepyruvic acid with those of the bacterial metabolites. More 
recently intermediates in this biosynthetic sequence havc been studied by paper chromato- 
graphyZ3. But the enzymic conversion of tryptophan to indolepymvic acid has not been 
demonstrated. However, recent studies on the formalion of JAA by A .  tumefaciens 
suggest that more than one pathway may operate. Rodriguez et ala4 have reported a 
sequence 

Tryptophan -, Indole-3-pyruvate -+ Indole-3-glycolic acid. 
.1 

IAA 

Tt is of interest to note that the sequence of steps in the formation of IAA is different in 
A. tum$uciens from its fixed L, forma5. The authors36 have put forward a novel scheme 
for the synthesis of JAA in the L. forms of A .  tumefaciens, the sequence being 

Tryptophan -. Indole-3-acetonitrile -t lndole-3-acetic acid. 

In addition, indole 3 acetonitrile has been identified as intermediate in the biosynthetic 
sequence tryptophan to IAA in several other tumour producing bacteria a1s0~~. 



The formation of indolepyruvic acid has been demonstrated in the tryptophan a-oxo- 
glutarate system (unpublished results). The method was not found suitable in the pre- 
sent system due to  the interference of colour development by phenylpymvate. However, 
since the stoichiometry was q ~ i t e  convincing, the rate of tryptophan disappearance was 
routinely followed in the estimation of enzyme activity. 

Results of the present investigation support the view that the ffrst step in the meta- 
bolism of tryptophan to indole acetic acid by A. tumefaciens involves transamination and 
the formation of indokpymvic acid. Indole acetic acid is formed from indolepymvic 
acid presumably by oxidative decarboxylation. Extracts of A. tumefacieizs seem to con- 
tain more than one transaminase which converts tryptophan to indolepymvic acid. 
Though an absolute specificity for tryptophan as amino donor and phenylpymvate as 
acceptor was tacking for the enzyme purified by the present method, a complete separa- 
tion fram a tryptophan-a-oxoglutarate amino transferase could be achieved. 

The optimum pH for the activity of the enzyme was found to be 9.6. Though decrease 
in activity was observed at higher pH values, the activity was quite significant even at 
pH 10-6. Lack of sharp drop in activity at high pH values could be compared to that 
of the tyrosine-a-oxogtutarate enzyme reported by Sentheshanmugaoathana7. 

In its heat stability the enzyme resembles the glutamic-aspartic transaminase reported 
by Jenkins et aIse and the tyrosine-a-oxoglutarate t r ansamina~e~~ .~~ .  This property 
has been advantageously employed by these authors for the removal of inactive 
proteins fram their enzyme preparations. 

Protection against heat denaturation afforded by substrates is similar tothat observed 
in the case of gtutamic-aspattic transaminase of pig hearts8 and the tyrosine-a-oxogtuta 
rate transaminase isolated from rat livers'. 

The activity of the enzyme at elevated temperatures and prevention of denaturation 
even at such a high temperatureas 70' C in the presence of pyridoxal phosphate, phenyl.. 
pyruvate or tryptophan could be explained as due to the protection afforded by the 
substrates or cofactors against thermal denat~rat ion~~.  

1. Evidence has been presented to show that the first step involved in the conversion 
of tryptophan to  iudole acetic acid by A. tumefaciens involves transamination. 

2. A 58-fold purification of the enzyme has been achieved. 

3. The optimum pH for the enzyme activity has been shown to be 9.6. The activity 
at higher pHs, though less than at optimum, was quite significant. 

4. Substrates and pyridaxal phosphate were found to stabilize the enzyme against 
heat denaturation. 
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