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Thermostability of L-phenylalanine aminotransferase 
from thermophilic bacteria* 

I. Schutten, W. Harder, and L. Dijkhuizen 

Department of Microbiology, University of Groningen, Kerklaan 30, NL-9751 NN Haren, The Netherlands 

Summary. Various mesophilic and thermophilic 
bacteria were screened for the presence of ther- 
mostable L-phenylalanine aminotransferases. 
With organisms from culture collections best re- 
sults were obtained with Thermus aquaticus and 
Bacillus caldolyticus. Cell-free extracts of these 
bacteria contained enzymes which did not lose ac- 
tivity by heat treatment at 60°C for 25 min, al- 
though they became rapidly inactivated during in- 
cubation at 70 ° C. Bacillus species able to grow at 
70--75 °C in mineral medium with phenylalanine 
as the sole carbon- and energy source were subse- 
quently isolated in pure culture. At 70°C Bacillus 
strain IS1 grew on phenylalanine with a doubling 
time of 35 min and synthesized a phenylalanine 
aminotransferase which only slowly lost activity 
when incubated at 70°C and was stable at 60°C 
for at least 7 h. 

During the purification of the phenylalanine 
aminotransferase from Bacillus IS1 only a single 
peak of activity was observed consistently. This 
enzyme showed activity with phenylalanine and 
tyrosine but not with aspartate. The apparent K,, 
values for phenylalanine and tyrosine were 0.95 
and 0.77 mM, respectively. The enzyme had an 
optimum pH of 6.4 and a temperature optimum 
of 71.5°C for the deamination of phenylalanine. 
Similar levels of the enzyme were synthesized 
during growth of Bacillus IS1 on a variety of sub- 
strates, suggesting that it functions in phenylalan- 
ine (and tyrosine) biosynthesis rather than in phe- 
nylalanine catabolism. 

* Dedicated to Prof. Dr. H. J. Rehm on the occasion of his 
60th birthday 

Offprint requests to: L. Dijkhuizen 

Introduction 

The last step in the biosynthesis of L-phenylalan- 
ine is generally catalyzed by aromatic amino acid 
aminotransferase (Umbarger 1980). This enzyme 
transaminates phenylpyruvate to L-phenylalanine 
using aspartate or glutamate as the amino donor. 
In some organisms able to grow on phenylalanine 
as a carbon- or nitrogen source, inducible phenyl- 
alanine aminotransferases have been detected 
which catalyze the initial step in phenylalanine 
degradation (Kishore et al. 1976; Lee and Desma- 
zeaud 1985; Lee et al. 1985; Ziehr and Kula 
1985). The enzyme may be used for the amination 
of phenylpyruvate resulting in the stereospecific 
synthesis of L-phenylalanine (Ziehr and Kula 
1985; Yonaha and Soda 1986). Currently there is 
a strong interest in biocatalysts from thermophilic 
organisms. In addition to the higher thermostabil- 
ity of these enzymes they are generally also more 
resistant to denaturing agents and more tolerant 
to higher solute concentrations (Sonnleitner 1983; 
Sonnleitner and Fiechter 1983; Ng and Kenealy 
1986). We have studied the thermostability of 
phenylalanine aminotransferase in a number of 
(thermophilic) bacteria. In this paper we report 
the purification and characterization of a phenyl- 
alanine aminotransferase from Bacillus IS1, a 
thermophilic bacterium able to use phenylalanine 
as a growth substrate. 

Materials and methods 

Microorganisms and growth conditions. The strains used and 
their growth temperatures are listed in Table 1. Eseherichia eoli 
K12 was grown in mineral medium (medium A; Miller 1972) 
with glucose (10 mM). Nocardia sp. 239 (Hazeu et al. 1983), 
Bacillus C1 (Clement et al. 1986), and Bacillus IS1, Bacillus IS2 
(see below) were grown at pH 7.0 in mineral medium contain- 



I. Schutten et al.: Thermostability of L-phenylalanine aminotransferase from thermophil ic bacteria 

Table 1. Characteristic properties of strains used 
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Strain Growth and assay 
temperatures (°C) 

Phenylalanine amino- 
transferase activity 
(nmol- min - ~. m g -  ~ prot.) 

Escherichia coli K12 37 37 146 
Nocardia sp. 239 37 37 47 
Bacillus C1 50 45 190 
Bacillus acidocaldarius 55 45 131 
Bacillus flavoth ermus 55 45 49 
Bacillus stearothermophilus 65 55 180 
Bacillus caldolyticus 70 60 85 
Thermus aquaticus 70 60 306 
Bacillus IS1 70 60 175 
Bacillus IS2 75 65 139 

ing (per litre): NaHzPO4, 1.5 g; K2HPO4, 4.65 g; (NH4)2SO4, 
1.0 g; MgSO4, 0.2 g; trace element solution, 0.2 ml (Vishniac 
and Santer 1957), plus glucose (10 mM), methanol (100 mM) 
or L-phenylalanine (7.5 raM), respectively. Bacillus acidocal- 
darius ATCC 27009 (Darland and Brock 1971) was grown at 
pH 3.5 in glucose (10 mM)-yeast extract (0.5 g/ l)  medium. Ba- 
cillus stearothermophilus 1503-4R (ATCC 7954), Bacillus flavo- 
thermus, and Bacillus caldolyticus were grown at pH 7.0 in 
trypton (10 g/l), yeast extract (5 g/l), sodium chloride (10 g/l)  
broth. The latter two strains were obtained from Dr. W. Hein- 
en, University of Nijmegen, The Netherlands, Thermus aquati- 
cus YT-1 (ATCC 25 104) was grown in Castenholz medium 
(DSM medium 86). 

Growth was in conical flasks filled for 25% of the volume 
in a shaking waterbath set at 200 rpm. Growth was followed 
by measuring the absorbance of the cultures at 433 nm using a 
Vitatron 280 colorimeter (Vitatron, Dieren, The Netherlands). 

Isolation of Bacillus IS1 and Bacillus 1S2. Organisms able to 
grow in mineral medium (see above) with L-phenylalanine as 
the sole carbon- and energy source were isolated from the 
waste water treatment system of a sugar beet factory. After re- 
peated transfers in this medium, cells were plated out on phe- 
nylalanine (7.5 mM)-gelrite (15 g / l ;  Kelco, San Diego, USA) 
and incubated at 70 or 75 ° C. Single colonies were picked and 
transferred several times to check purity. 

Preparation of cell-free extracts. Cells from the mid-exponen- 
tial phase of  growth were harvested by centrifugation at 
6,000 x 9 for 15 min at 4 ° C, washed once and resuspended in 
50 mM potassium phosphate buffer pH 7.5. Cells were dis- 
rupted by sonication for 3 min at 4°C in a MSE 100W ultra- 
sonic desintegrator. Unbroken cells and debris were removed 
by centrifugation at 40,000 x 9 for 30 rain at 4 ° C. The superna- 
tants, which contained 2--3 mg/ml  protein, were used as cell- 
free extracts for enzyme assays. 

Assay of  L-phenylalanine aminotransferase (EC 2.6.1.5.). In or- 
der to avoid possible instabilities of coupling enzymes at 
higher incubation temperatures, a discontinuous assay for the 
formation of phenylpyruvate was used, based on its absor- 
bance at 318 nm in alkaline environment (Scandurra and Ca- 
nella 1969; Collier and Kohlhaw 1972). The reaction mixture 
(0.5 ml) was incubated in closed Eppendorf  tubes in a water- 
bath and contained: 100 mM potassium phosphate  buffer pH 
6.5; 20 mM L-phenylalanine; 0.2 mM pyridoxal-5-phosphate;  
and limiting amounts of extract. After temperature equilibra- 

tion for 5 min, the reaction was started by the addit ion of 
20 mM neutralized 2-oxoglutarate. At various time intervals 
the reaction was terminated by the addit ion of 0.5 ml 2 M 
NaOH. After 5 rain at room temperature the absorbance at 
318 nm was determined in a Hitachi-Perkin Elmer 139 single 
beam spectro-photometer, against a zero time blank to which 
NaOH had been added before the 2-oxoglutarate. The molar  
absorption coefficient of phenylpyruvate at 318 nm was taken 
as 17,500. Enzyme activities are expressed as nmol -o f  phenyl- 
pyruvate formed- min - 1. m g -  ~ of protein. The thermostability 
of the various phenylalanine aminotransferases was deter- 
mined by incubating 0.1 ml cell-free extract in closed Eppen- 
dorf  tubes in a waterbath at various temperatures. After cool- 
ing on ice the remaining activities were measured as described 
above. 

Assay of tyrosine aminotransferase (EC 2.6.1.5.). The assay for 
tyrosine aminotransferase activity was identical to that  de- 
scribed above for phenylalanine aminotransferase, except that 
L-tyrosine (2 raM) was substituted for phenylalanine. After ad- 
dition of NaOH the solution was incubated for 30 min at room 
temperature and the absorbance at 330 nm determined. The 
molar absorption coefficient of 4-hydroxyphenylpyruvate at 
330 nm was taken as 19,500 (Collier and Kohlhaw 1972). 

Assay of aspartate aminotransferase (EC 2.6.1.1.). The assay 
for aspartate aminotransferase activity was based on the 2-ox- 
oglutarate dependent  formation of oxaloacetate from aspar- 
tare. The reaction mixture (1.0 ml) contained: 100 mM potas- 
sium phosphate  buffer pH 6.5 or 100 mM Tris. HC1 buffer pH 
8.0; 10 mM L-aspartate; 0.2 mM pyridoxal-5-phosphate; 
10 mM neutralized 2-oxoglutarate and enzyme. The molar ab- 
sorption coefficient of oxaloacetate at 265 nm was taken as 
780 (Collier and Kohlhaw 1972). 

Purification of phenylalanine aminotransferase. Enzyme purifi- 
cation was performed with a fast protein liquid chromatogra- 
phy (FPLC) system which consisted of a Model GP-250 gra- 
dient programmer, Model P-500 high precision pumps, a 
Model V-7 valve, a Single Path Monitor  UV-I and a Frac-100 
fraction collector (Pharmacia, Uppsala, Sweden). The enzyme 
was purified via a two step anion exchange chromatography 
procedure on a Mono Q HR 5/5 column. The flow rate was set 
at 1.0 ml /min  and 0.5 ml fractions were collected. After prepa- 
ration of cell-free extracts (6 mg protein per ml) of phenylalan- 
ine-grown cells of Bacillus IS1, samples (0.5 ml) were injected 
and eluted with a linear sodium chloride gradient (0--1 M) in 
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20 mM Bis-Trispropane buffer pH 7.0, containing 0.05 mM 
pyridoxal-5-phosphate. Enzyme activities were measured as 
described above and peak fractions were pooled for further 
purification. After desalting on a Sephadex G25 (fine) column 
(1 × 5 cm) as described by de Koning et al. (1987), a sample 
(2.5 ml) containing 0.3 mg protein was again applied to a 
Mono Q column and eluted with a non-linear sodium chloride 
gradient (0-- 1 M; see Fig. 5). Fractions were analyzed for phe- 
nylalanine aminotransferase activity. 

Molecular weight determinations. Molecular weight of the pu- 
rified phenylalanine aminotransferase preparation was esti- 
mated by gel filtration on a Superose 6 column. Samples 
(0.2 ml) containing 50 Ixg protein were injected and eluted with 
a 50 mM potassium phosphate/150 mM sodium chloride buf- 
fer pH 7.0, with a flow rate of 0.4 ml/min at room tempera- 
ture. Thyroglobulin, mw 670,000; gamma globulin, mw 
150,000; ovalbumin, mw 44,000; myoglobin, mw 17,000; and 
vitamin B12, mw 1,350, were used as markers (gel filtration 
standards of Bio-Rad, Richmond, USA). 

SDS-PAA gel electrophoresis. Sodium dodecyl sulphate poly- 
acrylamide gel electrophoresis was performed according to 
Laemmli and Favre (1973) with the calibration proteins Com- 
bithek 104558 from Boehringer (Mannheim, FRG) as refer- 
ences. After electrophoresis the gels were stained with the 
silver staining technique as described by Wray et al. (1981). 

Protein determination. Protein concentrations were determined 
by the method of Bradford (1976) using bovine serum albumin 
as a standard. 

Results 

Using crude cell-free extracts, the activity of phe- 
nylalanine aminotransferase(s) at pH 6.5 was de- 
termined in various organisms (Table 1). For each 
of the organisms an assay temperature was se- 
lected identical to or slightly below the growth 
temperature. At these assay temperatures no loss 
of enzyme activity occurred during an incubation 
period of at least 30 min. In all assays the ob- 
served rate was linear for at least 20 min and pro- 
portional to the amount of extract added (Fig. 1). 
Phenylpyruvate is a relatively unstable compound 
which is known to decompose spontaneously in, 
amongst others, phenylacetaldehyde (Cavallini 
and Stirpe 1957). However, in control experi- 
ments run at the various assay temperatures, no 
significant loss of phenylpyruvate was evident 
over the time period used. 

The thermostability of the enzyme(s) synthe- 
sized by the various organisms was tested over a 
range of temperatures (Fig. 2). The enzymes pres- 
ent in the mesophilic and thermotolerant bacteria 
Escherichia coli, Nocardia sp. 239 and Bacillus C1, 
were stable when cell-free extracts were incubated 
at the respective growth temperatures but rapidly 
lost activities at higher temperatures (Fig. 2A). In 
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Fig. 1. Phenylpyruvate formation from phenylalanine and 2- 
oxoglutarate by cell-free extracts of Bacillus IS1 incubated at 
60 ° C. Enzyme activity: 168 nmol- rain- ,. mg-  ] of protein. • 
7.5 l.tg of protein; O 15.0 lxg of protein 
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Fig. 2. A, B. Thermostability of phenylalanine aminotransfer- 
ase in cell-free extracts of various bacteria. After heat treat- 
ment the enzyme solution was cooled on ice and the remaining 
activity assayed. The assay temperatures used for the various 
bacteria and the initial activities are indicated in Table 1. The 
maximum incubation temperature tested at which 100% activ- 
ity was maintained is given between brackets. A. • ,  Escheri- 
chia coli, 55°C (37°C); O, Nocardia sp. 239, 50°C (37° C); V, 
Bacillus C1, 65°C (45°C); V, Bacillus flavothermus 60°C 
(45°C). B. • ,  Bacillus acidocaldarius, 65°C (55°C); O, Bacil- 
lus caldolyticus, 70 ° C (60 ° C); V, Bacillus stearothermophilus, 
70°C (55 ° C); V, Thermus aquaticus, 70°C (60 ° C); II, Bacil- 
lus IS1, 70°C (600C); I-1, Bacillus IS2, 75°C (70°C); × ,  Bacil- 
lus IS2, 70°C 

comparison the enzymes present in thermophilic 
bacteria displayed a considerably enhanced ther- 
mostability (Fig. 2B). With bacteria from culture 
collections best results were obtained with Ther- 
mus aquaticus and Bacillus caldolyticus. These or- 
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ganisms possess enzymes which were stable at Qa 
60°C for at least 30 min although they became 
inactivated rapidly when cell-free extracts were 
incubated at 70 ° C, their growth temperature. 0.1 

In an attempt to select microorganisms pos- 
sessing phenylalanine aminotransferases with a ~- 
higher thermostability, a mineral salts medium '- 

E 

with L-phenylalanine as the sole carbon- and en- -0~s 
ergy source was inoculated with samples from 
various sources and incubated over a range of  o 
temperatures. Especially with samples taken from 
a waste water treatment system from a sugar beet Y" 

(102 
factory, isolates able to grow at temperatures be- 
tween 60 - -75°C  were readily obtained in pure 
culture. Invariably these organisms were Gram- 
positive, spore-forming, aerobic organisms. No 0~1 
growth occurred in samples incubated at 80°C or 
higher. Isolate Bacillus IS1 displayed doubling 
times in phenylalanine medium of 35 min (at 
70°C), 45 min (at 75°C) and 100 and 185 min at 
65 °C and 60 ° C, respectively. With Bacillus IS2 a 
doubling time of  85 min was observed on phenyl- 
alanine at the optimum growth temperature of  
75 °C. Further studies showed that both organ- 
isms, in addition to L-phenylalanine only could 
use a limited number of other substrates. At 70 ° C 
Bacillus IS1 grew with glutamate ( td=70min) ,  
glucose ( td=240 min), acetate (td=95 rain), etha- 120 
nol ( td=80 rain) and t rypton/yeast  extract 
(td= 50 min). No growth was observed with tyro- 100 
sine, tryptophan, glutamine, asparagine, betaine, 
glycine, valine, threonine, arginine, erythritol or g a0 
xylulose. In cell-free extracts the phenylalanine 
aminotransferase from Bacillus IS1 remained sta- ~ 60 
ble at 60°C but slowly lost activity when incu- .~ 
bated at 70°C for 25 min. The activity present in _ ~ 40 
Bacillus IS2 on the other hand remained stable at g~ 
70°C but  slowly lost activity when incubated at 20 
75 °C (Fig. 2B). From these data inactivation rate 
constants at a number of temperatures were deter- 0 
mined. By interpolation of  Arrhenius plots the 
inactivation temperatures (50% loss of  activity in 
10 min: rate constant=0.069 -1) for the enzymes 
from B. stearothermophilus, Thermus aquaticus, 
Bacillus IS1, and Bacillus IS2 were subsequently 
estimated to be 71.8, 76.5, 77.5, and 84.5°C, re- 
spectively (Fig. 3). Judging from its stability at 
70°C (for at least 25 min) and its inactivation 
temperature, the enzyme from Bacillus IS2 is most 
stable. Prolonged incubation of  extracts at 60 ° C, 
however, revealed that the Bacillus IS2 enzyme 
lost about 40% of its activity within 6 h (Fig. 4). 
The Bacillus IS1 enzyme on the other hand re- 
mained stable for at least 7 h and even increased 
in activity in the first few hours. Based on these 

I I i 
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Fig. 3. Arrhenius plots for the inactivation of phenylalanine 
aminotransferases in cell-free extracts of: Bacillus stearother- 
mophilus, • ; Bacillus IS1, © ; Thermus aquaticus, [] ; Bacillus 
IS2 
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Fig. 4. Thermostability of pbenylalanine aminotransferase in 
cell-free extracts of Bacillus IS1 ( • )  and Bacillus IS2 (©) dur- 
ing incubation at 60°C for prolonged periods of time 

observations we decided to purify and character- 
ize the enzyme from Bacillus IS1 in more detail. 

During Mono Q anion exchange chromatogra- 
phy a single peak of  phenylalanine aminotrans- 
ferase activity was consistently observed at ap- 
proximately 230 mM sodium chloride. The elu- 
tion profile obtained in a second run, with a non- 
linear sodium chloride gradient is shown in Fig. 5. 
The peak fraction possessed a specific activity of  
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Fig. 5. Mono Q FPLC elution profile of the pooled peak frac- 
tions obtained during anion exchange chromatography of cell- 
free extracts of Bacillus IS1. - - ,  absorbance at 280 nm; - - - ,  
sodium chloride gradient;  O, phenylalanine aminotransferase 
activity (nmol • rain - '- ml - 1) 

2.0 p~mol, min-  1. mg-  1 protein (overall purifica- 
tion 12-fold). Several runs were performed and 
the fractions containing the highest phenylalanine 
aminotransferase activities were pooled and used 
for further studies. No loss of activity occurred 
during these steps and the enzyme was stable at 
room temperature and at 4°C for prolonged peri- 
ods of time. 

When using the FPLC gel filtration technique 
(see Methods) a single peak of activity was de- 
tected and a molecular weight of 45,000 (_+ 2000) 
was determined for the native enzyme. When the 
preparations were subjected to SDS-polyacrylam- 
ide gel electrophoresis one major band in the 
43,000 dalton region was observed, indicating that 
the enzyme is monomeric in nature. Enzyme ac- 
tivities were determined at 60°C over a range of 
pH values. A clear pH optimum was observed at 
6.4 (Fig. 6A). The phenylalanine aminotransferase 
activity gradually increased with temperature and 
reached a maximum at 71.5°C (Fig. 6B). A rapid 
decrease in activity occurred at higher tempera- 
tures. 

In addition to phenylalanine the enzyme also 
showed activity with tyrosine but not with aspar- 
tate. Apparent K,, values for phenylalanine and 
tyrosine, estimated from Lineweaver-Burk plots, 
were 0.95 and 0.77 mM, respectively. The enzyme 
displayed similar specific activities in glucose-, 
acetate- or ethanol-grown cells of Bacillus IS1 

(180, 177 and 162 n m o l - m i n - ' . m g  -1 protein, re- 
spectively). 

D i s c u s s i o n  

While assaying for the phenylalanine aminotrans- 
ferase activities in a variety of bacteria no at- 
tempts were made to optimize reaction conditions 
for the individual organisms. The data in Table 1 
therefore may be an underestimation of the en- 
zyme activities present. This approach neverthe- 
less allowed a rapid screening of the thermostabil- 
ity of the major enzyme(s) synthesized by these 
organisms. For a comparison, and in view of the 
fact that the majority of industrial thermostable 
enzymes are currently produced by mesophiles 
(Ng and Kenealy 1986), both mesophilic and ther- 
mophilic strains were included in this study. The 
data obtained clearly indicate that with these 
strains there is a good correlation between the 
growth temperature of a particular organism and 
the thermostability of its phenylalanine amino- 
transferase(s) (Fig. 2). Similar observations have 
been made for instance for extracellular proteases 
(Cowan et al. 1985). No further experiments were 
performed to exclude a possible enzyme inactiva- 
tion by proteases in cell-free extracts. However, 
with every organism studied we observed that the 
enzyme retained 100% of its activity when cell- 

80 
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Fig. 6. pH (A) and temperature (B) optimum of phenylalanine 
aminotransferase purified from Bacillus ISI. A. Assayed at 
60°C for 10min. The activity obtained at pH 6.4 (686 
n m o l . m i n - l - m g  - '  protein) was taken as the 100% value. B. 
Assayed at pH 6.4 for 10 rain. The activity obtained at 71.5 ° C 
0150  n m o l . m i n - J . m g  -1 protein) was taken as the 100% 
value 
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free extracts  were  i ncuba t ed  at the g rowth  t emper -  
ature,  or  5 or  10 ° C be low that  value ( com pa re  Ta-  
ble 1 and  Fig.  2). I t  is therefore  cons ide red  un- 
l ikely tha t  pro teolys is  was a ma jo r  cause  for  en- 
zyme  inact ivat ion.  

To screen for  mic roo rgan i sms  possess ing en- 
zymes  with e n h a n c e d  thermostabi l i ty ,  en r i chment  
cul tures with pheny la l an ine  minera l  salts m e d i u m  
were  subsequen t ly  incuba ted  over  a r ange  o f  tem-  
peratures .  Since in a n u m b e r  of  organisms phenyl -  
a lanine  ca t abo l i sm is ini t ia ted by  an inducible  
a romat i c  amino  acid amino t rans fe rase ,  an enzyme  
which c o m p a r e d  to the b iosynthe t ic  enzyme  is 
synthes ized up  to relat ively high levels (Jensen 
and  Ca lhoun  1981), this amino  acid was chosen  as 
the ca rbon  substrate .  Pure  cul tures o f  Bacillus 
species able to g row at 70 and  75 ° C  were  readi ly  
obta ined .  The  two strains which  have  been  fur ther  
charac ter ized  in the presen t  study, Bacillus IS1 
and  Bacillus IS2, are unusua l  in that  they  are able  
to grow rap id ly  in bo th  com pl ex  and  minera l  salts 
med ia  wi thou t  requir ing fur ther  growth  factors  
( S u n d a r a m  1986). The i r  t a x o n o m i c  pos i t ion  is still 
unknown.  Dur ing  shor t  incuba t ion  per iods  
(25 min)  at var ious  t empera tu re s  the pheny la l an -  
ine amino t r ans fe ra se  activity present  in Bacillus 
IS2 a p p e a r e d  to be  mos t  the rmos tab le ,  d isp laying 
an inact iva t ion  t e m p e r a t u r e  (half-l ife 10 min)  o f  
84 .5°C (Figs. 2 and  3). However ,  dur ing pro-  
longed  incuba t ion  at 6 0 ° C  the enzyme  presen t  in 
Bacillus IS1 r e m a i ned  s table  for  at least  7 h, 
whereas  the activities present  in Bacillus IS2 be- 
came inac t iva ted  to a cons iderab le  extent  (Fig. 4). 
The  subsequen t  par t ia l  pur i f ica t ion  of  the pheny l -  
a lan ine  amino t r ans f e r a s e  f r o m  Bacillus IS1 and  
its charac te r iza t ion  revea led  tha t  it is an a roma t i c  
amino  acid amino t rans fe rase ,  active with bo th  
pheny la l an ine  and  tyrosine,  but  not  with aspar-  
rate. A s imilar  subs t ra te  specif ici ty has been  re- 
por ted  for  the a roma t i c  amino  acid amino t r ans -  
ferases in Bacillus subtilis (Weigent  and  Nes te r  
1976; Mavr ides  and  C o m e r t o n  1978) whereas  the 
E. coli enzyme  shows activi ty with a spa r t a t e  as 
well  (Powell  and  Mor r i son  1978). The  obse rva t ion  
tha t  the enzyme  present  in Bacillus IS1 is synthe-  
sized const i tu t ively  suggests  that  it funct ions  in 
a roma t i c  amino  acid b iosynthes is  ra ther  than  in 
pheny l a l an ine  ca tabol ism.  The  p resence  o f  o ther  
pheny l a l an ine  degrad ing  enzymes  in Bacillus IS1 
has  not  been  invest igated.  In  view o f  its high sta- 
bili ty the pheny la l an ine  amino t r ans f e r a se  f rom 
Bacillus IS1 app ea r s  to be  a sui table  enzyme  for  
the s te reospeci f ic  p r o d u c t i o n  o f  L-phenyla lan ine .  
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