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Abstract--Inhibition of the enzyme phenylalanine ammonia-lyase is considered as a target for the design of herbi- 
cides. A reliable and simple assay for the enzyme has been used and the kinetics of the enzyme from several sources 
compared. Purification of the enzyme from the grass green foxtail (Setaria glauca) did not change its kinetic be- 
havior. The distribution of phenylalanine ammonia-lyase and tyrosine ammonia-lyase activity in various plant 
species was determined. 

INTRODUCTION 

IN DESIGNING herbicides, at least three criteria must be considered. The design must result 
in an agent that is (a) effective against the target plant or plant group, (b) selective or less 
effective against important crop species, and (c) relatively non-toxic to insects, birds, and 
mammals. It seemed probable that the development of a specific and effective inhibitor 
of phenylalanine ammonia-lyase (PAL, E.C. 4.3.1.9, which catalyzes one step in the bio- 
synthesis of lignin, may produce a herbicide having these characteristics.‘,2 Lignin is an 
important component of higher plant vascular tissue, which imparts structural rigidity to 
the plant 3*4 and inhibition of its biosynthesis should seriously impair plant growth. Selec- 
tivity between species might be expected since it has been reported that grasses might use 
an alternate reaction, catalyzed by tyrosine ammonia-lyase (TAL), in the formation of lig- 
ninp7 A specific PAL inhibitor might thus not adversely affect lignin synthesis and plant 
growth in those plants which utilize TAL. PAL has not been detected to date either in 
bacterial or animal tissues, so a specific PAL inhibitor might be relatively non-toxic to 
these organisms.7 

This paper deals with methods for activity determination, taxonomic distribution, and 
kinetics of PAL and TAL. A subsequent paper will report on the effect of some herbicides 
and plant growth regulators on these enzymes.8 
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RESLILTS 

Prior to studying the distribution and kinetics of PAL and TAL, the validit), of the assay 

system was established. The initial reaction rate was found to be constant over a wide 
range of substrate concentrations. The pH optimum for the reaction was 8.8. Addition of 
polyvinylpyrollidone to the reaction mixture was without effect on rate, which indicates 
that inhibition of the enzyme by phenolics present in the enzyme preparation was insignifi- 

cant. 
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The relative ratios of PAL and TAL in a number of plant species are shown in Table 
1. Young plants, 3-5 weeks of age, were used in these experiments. In every case the PAL 
specific activity of PAL was greater than that of TAL. Two economically important crop 
species. cotton and soybeans, were among those plants having rclativcly low PALXAL 
ratios. Pigweed, yellow foxtail and green foxtail wcrc among the plants having higher 
PAL/TAL ratios. Bracken and other ferns examined had extremely high PAL/TAL ratios 
and morning glory contained no detectable TAL. All of these results were obtained using 
saturating concentrations of phenylalanine. 

Hill plots”~“’ of PAL from corn, yellow foxtail. and wheat reveal that the Michaelis con- 
stant (K,,) of the enzymes from theso sources ranges from I.1 I .6 x IO- ’ M. The slope 
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of the curve (tz) is approximately 1 in each case, indicating that the enzymes display normal 
Michaelis-Menton kinetics. The K, values for PAL reported in the literature range from 
3.8 x lo-’ M’ 5 to 1.7 x 10e3 M.’ A Hill plot of TAL isolated from corn gave a K, for 
tyrosine of 2.7 x lo- 5 M, about l/4 of the corresponding value for PAL (1.1 x 10d4). The 
slope of the line, n, is 1.25. 

The elution pattern of green foxtail PAL, TAL, and protein from a DEAE-cellulose 
column is shown in Fig. 1. The major PAL activity peak coincides with the TAL peak 
activity and both peaks are associated with the major protein peak. There are two minor 
PAL activity peaks in addition to the major one. Purification did not affect the kinetic 
behavior of the enzyme. 
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FIG. 1. ELUTION PATTERN OF PAL, TAL. AND PROTEIS FROM GREkN FOXTAlL I SING A DEAE-CELLULOSE 
COLUMN. 

350ml of enzyme prepared according to the method of Koukol and Conn’ were applied to a 
2.2 x 16 cm DEAE-cellulose column that had been equilibrated with 0.02 M potassium phosphate 
buffer (pH 6.8). The enzyme was eluted from the column using a linear gradient of equal volumes of 
0.02 M potassium phosphate buffer (pH 6.8) and 0.05 M potassium phosphate buffer (pH 68) containing 

0.4 M KCI. Flow rate 60 ml per hr and fractions 9 ml. 

DISCUSSION 

Phenylalanine ammonia lyase has been isolated from a number of sources since it was 
first purified by Koukol and Conn.’ Tyrosine ammonia lyase was first isolated at approxi- 
mately the same time by Neisll,5 but has not been as extensively studied. 

The general PAL/TAL distribution pattern found in this study is very similar to that 
reported by others, 6*7 with the highest TAL activity found in grasses.’ I Soybean and cot- 
ton have relatively low PAL/TAL ratios and for this reason might be able to survive com- 
plete PAL inhibition, but species such as the foxtails and pigweed have a very high PAL/ 
TAL ratio and would, therefore, be more susceptible to PAL inhibition. This differential 
selectivity is based on the premise that the deamination of phenylalanine and the deamina- 
tion of tyrosine are catalyzed by different enzymes. 
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There is conflicting evidence regarding the independent existence of PAL and TAL. 
Young and Neish” could not find a preparation active with tyrosine which was not also 
active with phenylalanine. They found. however. that the ratio of PALITAL varied from 
4 to 20. Boudet and coworkers’” found two PAL isoenqmes in QZWIWS pc~durmlotu. while 
Hahlbrock and coworkers” were unable to find an) isocnzymes of PAL in G’/Jc& MS. 
Havir ct al.’ 5 reported that maize contained a single protein having common catalytic sites 
for tyrosine and phenylalanine. while the potato PAL appeared to be inactive against tyro- 
sine. The results in this paper do not allow a clear differentiation between the two possibili- 
ties (Table I. Fig. I). 

The relative distribution of PAL and TAL in crop und weed species suggests that a 
herbicide acting through PAL inhibition may displa\i a d&able spectrum of selectivity. 
The methods developed in this study will bc used to assess the effects of various herbicides 
and plant growth regulators on PAL and TAL activity. 
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