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Abstract-The effect of mdoleacetlc acid, 2,4_dachlorophenoxyacetlc acid, tryptophan, scopoletm, scopohn, 
and related compounds on the actlvlty of a phenylalanme ammoma-lyase preparation from tobacco tlssue 
WR-132 grown m suspension culture has been investigated Under the experrmental condmons used, IAA 
and its probable plant precursor trytophan, were found to inhibit the enzyme strongly Scopoletm showed 
slightly lesser mhlbmon The synthetic auxm, 2,4-D, produced httle effect on the enzyme except at the higher 
concentration used Scopolm, kmetm, sbberelhc aad, and &mdole-3-propiomc acid showed no effect The 
concentration of /3-mercaptoethanol used m each assay was found to affect the values obtamed for the 
percentage tibmon of phenylalanme ammoma-lyase by IAA The possible physlolo8& slgmficance of 
these mhlbmons 1s &scussed. 

INTRODUCTION 

THE PHENYLALANINE ammonia-lyase from potato tuber has been characterized m con- 
siderable detad.1-3 Recently, O’Neal and Keller4 have reported on the partial punficatlon 
and on some properties of the phenylalamne ammonia-lyase from leaves of burley tobacco 
plants The importance of this enzyme m tobacco plants hes not only m Its role m hgmn 
production, but also m its reported partlclpatlon m the synthesis of soluble phenohc com- 
pounds wl-uch may comprise 2-8x of the dry weight of tobacco.4 Wender et al. have 
reported an accumulation of some of these phenohcs, most commonly scopoletm (6 
methoxy-7-hydroxycoumarm) and its 7-glucoslde, scopohn, m tobacco plants under various 
stress condltlons, such as nitrogen deficlency,5 boron deficlency,6 X-lrradlatlon,7 spraymg 
with 2,4-dlchlorophenoxyacetlc acid* (2,4-D), etc The effect of Increased scopoletm on 
mdoleacetlc acid (IAA) oxldase has been reported by several groups of workers.g-12 In our 
laboratory, we have also been studymg the effect of scopoletm, scopohn, I~, and closely 
related compounds on the actlvlty of a phenylalamne ammoma-lyase preparation from 

* Taken from a part of a dlssertatlon submltted November, 1970, by L T Inneranty for the Ph D , 
Umverslty of Oklahoma 
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tobacco tissue (WR-132) grown m suspension culture. This tobacco tissue was chosen for 
study, because we have been unable-m contrast to whole tobacco plants-to find perceptible 
amounts of scopolm, scopoletm, or hgnm m tlus tissue under its usual growth conditions m 
suspension cultures Thts paper reports our finding that under the experimental conditions 
used, IAA and its probable plant precursor tryptophan, strongly mhlbit the enzyme. The 
synthetic auxm 2,4-D has little effect on the enzyme except at the higher concentration used. 
Kmetm, gibberelhc acid, and ,f3-mdole3-propiomc acid showed no effect 

RESULTS 

The pH optimum of the phenylalanme ammonia-lyase preparation from tobacco tissue 
WR-132 grown m suspension culture was found to be approximately 8 8, and the initial 
velocity was directly proportional to the amount of enzyme added Michaelis-Menten 
kinetics were observed, and the Michaelis constant was 3 x 10m5 M 

Smce the biosynthesis of hgnnP3 and of phenohc compoundsr4 may be affected m YZVO 
by varymg concentrations of auxm (IAA or synthetic 2,4-D) and kmetm, these compounds 
and related ones were studied for then effect on cell-free preparations of phenylalanme 
ammoma-lyase. The results, which are included m Table 1, demonstrate that IAA and 
tryptophan strongly inhibit the enzyme The synthetic auxm 2,4-D has little effect on the 

TABLE 1 EFFECT OF SOME GROWTH REGULATORS, RELATED COMPOUNDS, AND 
SCOPOLIN AND SCOPOLETIN ON L-PHENYLALANINE AMMONIA-LYASE ACTIVITY 

Compound 
added 

Concentration 
(mM) 

Substrate 
concentration 

(mM) 

Relative 
actlvrty 

(%) 

Indole-3-acetic acid 3 1 39 
Indole-3-acetlc acid 1 01 53 
Tryptophan 01 38 
/I-mdole-3-proplomc acid 

3’ 
01 106 

Indole 3 01 84 
Indole 1 01 105 
Kmetm 1 103 
Glbberelhc aad ; 1 103 
2,4-D 3 01 84 
2,4-D 1 01 101 
Scopoletm 06 01 81 
Scopoletm 06 003 69 
Scopoletm 0 15 003 
Scopohn 1 01 1:;: 
Scopolm 06 0 03 100 

The rakoactlve assay was used as described m Experimental 
* Saturated solution 

enzyme except at the higher concentration Kmetm, gibberelhc acid, and mdole-fpropiomc 
acid showed no perceptible effect By assaying the enzyme at various phenylalanme concen- 
trations at constant mlubitor concentration, it could be demonstrated15 that both trypto- 
phan and IAA inhibit competitively. 

I3 S A BROWN, Llgnms Ann Rev PIant Physloi 17,223 (1966) 
I4 J A SARGENT and F SKOOO, PIant Physlol 35,934 (1960) 
I5 H LINEWEAVER and D BURK, J Am Chem Sot 56, 568 (1934) 
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FIG 1 

In order to determme the relationship between IAA concentration and the activity of 
phenylalanme ammoma-lyase, IAA was varied while phenylalanme concentratron was kept 
constant at 0.1 mM. Figure 1 demonstrates that 50% mlubition of the enzyme occurs at 
1 2 mM Furthermore, premcubation before assay of phenylalanme ammoma-lyase pre- 
parations with IAA for time periods up to 6 hr yields the same inhibition patterns as shown 
m Table 1 Dialysis of the premcubated enzyme preparations against 0.05 M sodium borate 
(pH 8 8) overnight restored 91% of the control enzyme activity. 

TABLET ANTAGONIST EFFECTOF&MERCAPTOETHANOLANDL~A 
ONTHEINHIBlTIONOFPHENYLALANINEAMMONIA-LYASE 

Concentratton of Concentration Relative actlvlty 
&mercaptoethanol of IAA of enzyme 

(mM) (mM) (%l 

30 6 
3 

;I 
0 

10 

5 

6 
3 
1 
01 
0 

6 
3 

; 

0 66 Control 

56 
44 
42 

28 
46 
72 
79 
80 

49 
75 

1: 

100 

The rtioactlve assay was used as described m the text. The 
substrate concentration was 1 mM 
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The concentration of &mercaptoethanol used m each assay affected the percentage 
mhlbltlon of phenylalamne ammoma-lyase by IAA Table 2 illustrates the antagomstlc 
effect that increasing concentrations of fl-mercaptoethanol have on the IAA mhrbltlon of 
the enzyme Also shown m Table 2 1s the mhlbltlon by /?-mercaptoethanol alone It could 
be demonstrated by the Lmeweaver-Burk analysis I5 that the j?-mercaptoethanol mhlbltlon 
was competltlve Since phenylalanme ammonia-lyase from other sources, for example 
barley,16 appears to be a sulfhydryl enzyme and &mercaptoethanol inhibits a sulfhydryl 
enzyme, we exammed the mhlbltlon of our phenylalamne ammoma-lyase preparation from 
suspension cultures of tobacco by other sulfhydryl reagents, including cysteme, gluta- 
throne, and N-ethylmalemude In every case, we found that the enzyme from suspension 
tobacco cultures was inhibited, similar to the enzyme from the leaves of tobacco, as re- 
ported by O’Neal and Keller 4 We have also found that mhlbitlon by /3-mercaptoethanol 
could be relieved by dlalysls 

In addition to truns-cmnamlc acid, which has been reported by others2*4*17 to inhibit 
the various phenylalamne ammoma-lyase preparations they obtamed, we mvestlgated, as 
possible feedback mhlbltors of phenylalanme ammonia-lyase, the effect of various possible 
intermediates m hgmn blosynthesls and of some of the phenohc compounds which accumu- 
late m tobacco under stress condltlons Slmllar to the results reported by O’Neal and 
Keller,4 we observed mhlbltlon by scopoletm, but no mhlbltlon by caffelc acid, p-coumanc 
acid, and feruhc acid (although O’Neal and Keller report slight mhlbltlon for feruhc acid) 
We investigated not only the effect of scopoletm at various concentrations, but also the 
effect of its glucoslde scopolm on the enzyme The results included m Table 1 show that as 
the substrate concentration 1s decreased, the mhlbltlon by scopoletm IS enhanced, but that 
under no condltlons attempted does scopolm mhlblt 

DISCUSSION 

In general, It would seem that phenylalamne ammonia-lyase from suspension tobacco 
cultures IS somewhat similar to the enzyme from burley tobacco leaves, even though the 
former tissue apparently does not produce detectable amounts of hgnm, scopolm, and 
scopoletm under the usual suspension culture growth procedure used It 1s possible that the 
differences observed m K,,, (3 x 10M5 M as compared to 16 x low5 M) and m percentage 
of mhlbltlon by various compounds tested may be due to the particular sulfhydryl com- 
pound and Its concentration used m the experiments, rather than to the synthesis of a 
different kmd of phenylalanme ammonia-lyase It 1s observed from the antagomstlc effect 
that /3-mercaptoethanol has on IAA mhlbltlon (Table 2), that varlatlons m concentrations 
of sulfhydryl reagents may yield different results It 1s also possible that we are dealmg with 
an enzyme preparation from a source m which one particular phenylalamne ammoma- 
lyase lsozyme predominates, whereas another preparation from another source may con- 
tam a different ratlo of 1sozymes18 to give a different Km value 

The data obtamed still do not furnish a definite, clearcut explanation of the m vzoo 
mhlbltlon of phenylalamne ammonia-lyase by IAA and by scopoletm. It IS temptmg, how- 
ever, to speculate that the scopoletm mhlbltlon, coupled with its mhlbltlon, of glucose-Q 
phosphate dehydrogenasel g of the pentose phosphate pathway, IS a feedback mechamsm 

I6 J. KOUKOL and E E CONN, J Bzol Chem 236,2693 (1961) 
I7 D C WALTON, Plant Physrol 43, 1120 (1968) 
I8 S I AHMED and T SWAIN, Phytochem 9, 2287 (1970), T. SWAIN and C A WILLIAMS, Phytochem 9, 

2115 (1970) 
I9 S KAJINAMI, S H WENDER and E C SMITH, Phytochem 10, 1501 (1971) 
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to control the blosynthesls of certain phenohc compounds. An intermediate m the pentose 
phosphate pathway, namely erythrose-4-phosphate, is a precursor of phenylalanine. It 1s 
possible that the glucosylatron of scopoletm to produce the non-mhlbltory scopolm may 
be to reheve the mhlbltlon produced by the scopoletm It 1s even more speculative at present 
to attempt to propose what the role of IAA 1s m mhbltlon of phenylalanme ammoma- 
lyase It may be that smce 1.2 mM IAA 1s required for 50% mlubltlon that the mhlbltlon 
by IAA has no physlologlcal agmficance except when the IAA concentration rises above a 
‘threshold level 

The mhlbltlon of the phenylalanme ammoma-lyase by both IAA and scopoletm further 
supports the hkehhood of a probable mterrelatlonshlp between these two compounds, as 
has been suggested previously by pubhcatlons on IAA oxldase and scopoletm. However, 
m view of the recent work by Swam et al ,I8 one cannot ehmmate the posslblhty that IAA 
may mhrblt one lsozyme of phenylalamne ammonia-lyase and scopoletm another lsozyme. 
It would seem, nonetheless, that If scopoletm 1s acting as a feedback mhlbltor, and d 
lsozymes of phenylalamne ammoma-lyase occur m tobacco tissue WR-132 from suspension 
cultures, that at least one lsozyme of phenylalamne ammonia-lyase 1s mvolved m a pathway 
of soluble phenohc compound blosynthesu. 

EXPERIMENTAL 
Plant material The plant material used was suspension culture line WR-132 of tobacco ttssue (Nxotrana 

tabacum L , var Xanthi), obtained from Dr A C Olson of the USDA, Albany, Cahforma The cells were 
grown m 125 ml erlenmeyer flasks contammg 50 ml of growth medmm 2o Durmg the 10 day growth period 
each flask of cells grew from 2 g (weight of moculant) to about 10 g The flasks of cells were constantly 
agtated on a recrprocal shaker (95-105 reciprocattons/mm) The temperature of the growth room was 23” 
and the light mtenstty was less than 0 05 lux Since light has been reported to result m mcreased activity of 
phenylalanme ammonia-lyase, ‘r the light mtenstty was increased to 0 3 lux 12 to 24 hr before the cells were 
harvested The bnghter light srgmficantly mcreased the apparent level of phenylalanme ammoma-lyase 
The cells were collected by suctron filtration and thoroughly washed with 0 1 M rmnlazole buffer at pH 6 5 
contammng 10 mM /3-mercaptoethanol and 4 mM Na3S205 

Enzymepreparatlon About 40 g of washed cells were mrxed with 40 g of glass beads, 25 g of washed Poly- 
clar AT which had been soaked with deromzed water overnight, and 80 ml of lmtdazole butfer (pH 6 5) 
contammg 10 mM j3-mercaptoethanol and 4 mM Na&05 Tlus mature was blended for 10 mm m a blender 
(Sorvall Omnimrxer) at 5000 rev /min The blended mixture was centnfuged at 34,800 g to remove the glass 
beads. Polyclar AT, and cell debns from the crude enzyme solutton 

To the supematant thus obtained, enough solid (NH&SO4 was slowly added to form a solutron that 
was about 28 % saturated with respect to the salt The precipitate formed was removed by centrrfugation at 
34,800 g for 10 mm and discarded Solid (NH&SO,, was slowly added to the remammg supernatant solutton 
to grve a solutron that was about 58% saturated with respect to the salt The precipitate was collected by 
centrrfugation at 34,800 g for 10 mm and dissolved m about 5 ml of 0 05 M sodium borate buffer contammg 
5 mM @-mercaptoethanol and dialyzed about 12 hr m 500 ml of the same buffer The enzyme was dialyzed 
an addmonal 12 hr m the same buffer wrthout the /I-mercaptoethanol The dialyzed enzyme solutron was 
used for all assays In some experiments, a column packed with either Sephadex G-10 or Sephadex G-25 
was used to desalt the enzyme 

Enzyme assay, spectrophotometrzc assay The activrty of phenylalamne ammoma-lyase was determmed 
by measurement of the cmnamic acid formed The reactton mixture contamed enzyme, various amounts of 
r.-phenylalanme, and 150 pmoles of sodmm borate buffer (pH 8 8) m a total volume of 3 0 ml Cmnamrc 
acid formation was followed at 290 nm, 1 pmole of cmnannc acid m 3 ml has an absorbance of 3 0 (1 cm 
hght path) a The imtral velocity was measured on a Beckman DB-G at 23” every 15 mm for 1 hr 

Rudwactwe assay The reactron mtxture was the same as that used for the spectrophotometrrc assay 
except C%,-phenylalanme (Amersham/Searle) was used After the rmxture was mcubated at 23” for 1 hr. 
the reactron was termmated by the addition of 0 2 ml of 50% trrchloroacetrc acrd, followed mnnedtately by 
0 1 ml of 3 x 10e2 M tamer trans-cmnam~c actd drssolved m 0 05 M NaOH. 

z” E M LINSMAIER and F. SKOOG, Phystol Plant. 18,100 (1965). 
21 K. R. HANSON, M ZUCKER and E SONDHEIMER, m Phenohc Compounak and Metabolrc Regulatron (edlted 

by B J. RNKLE and V C RUNECKLES), pp 74,75, Appleton-Century-Crofts, New York (1967). 
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Benzene (5 0 ml) was added to the acuhfied mtxture, whrch was vtgorously stu-red untd an emulsron 
formed After 10-15 mm, the reactron rmxture was centnfuged to remove the protein from the benzene 
phase A 3-ml ahquot from thus phase was transferred to a scmtrllatron vtal, and the benzene was completely 
removed 111 a vacuum oven 10 ml of dtoxane-scmttllatlon flud were added, and the sample was counted 
m a Peckman DPM-100 Scmtdlatron Counter A reactron mzxture blank, complete wtth enzyme and sub- 
strate, whtch had been taken through the entrre procedure for each set of assays, was termmated at zero 
reactton ttme The radroacttvtty of the blank was subtracted from the total radroacttvrty of each sample 
All radroactrve assays were m duphcate and the averages are presented 
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