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Regulation of Phenylalanine Specific Pathway in a Species of
Intrasporangium.
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 Department of Genetic Engineering, College of Agriculture, Korea University, Seoul 136-701,
Korea

Studies were made on the regulation of chorismate mutase and prephenate dehydratase of a
species of Intrasporangium, a phenylalanine producing Actinomycete isolated from soil. Two dis-
tinctly regulated species of chorismate mutase, designated CM I and CM II were resolved by DEAE
Cellulose and DEAE Sephadex A 50 chromatography. The activity of CM II was inhibited by
L-tyrosine, whereas that of CM I appeared to be unregulated. Single species of prephenate dehyd-
ratase was also separated in the same purification steps. The activity of the enzyme was strongly
feedback inhibited by L-phenylalanine, but by L-tyrosine or L-methionine it was rather slightly
stimulated. Synthesis of chorismate mutase was not influenced by the presence of phenylalanine,
tyrosine or tryptophan, whereas prephenate dehydratase was found to be subject to strong feedback
repression by L-phenylalanine. The rate of repression was 94% at the concentration of 1ImM
L-phenylalanine but the repression was completely offset by the presence of SmM tyrosine. The
critical regulatory site of the phenylalanine terminal biopathway was, therefore, proved to be the se-
cond reaction which was catalyzed by the L-phenylalanine inhibitable and repressible prephenate de-

hydratase.
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Fig. 1. The biosynthetic pathway of the aromatic amino acids.

1. chorismate mutase 2. prephenate dehydratase.
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Fig. 2. Variations in chorismate mutase and prephenate
dehydratase specific activity and cell growth during cul-
ture of Intrasporangium sp..
Cells were grown at 30°C in 100m/ of the basal medium

with reciprocal shaking. o, chorismate mutase; e, pre-
phenate dehydratase; &, cell growth; A, pH
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Fig. 3. Chromatography of chorismate mutase and pre-
phenate dehydratase on DEAE cellulose(1) and DEAE se-
phadex A50(2).

The columns of DEAE cellulose and DEAE sephadex A
50 were equilibrated with 0.05M tris-HCI buffer (pH7.5).
DEAE cellulose was eluted with linear gradient of 0.7M
KCl with 0.05M tris-HCI buffer at a flow rate 50 m// hr.
and DEAE sephadex A 50 was eluted with linear gradient
of 0.5M KCI with 0.05M tris-HCI buffer (pH 7.5) at a
flow rate 10 m//hr. O - 0, chorismate mutase; A— A ,
prephenate dehydratase; @ — @ , protein.
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Table 1. Purification of chorismate mutase I and chorismate mutase II.
Step Enzyme thal Tc->tal .SI')ecific Yield F.‘urifica-
activity(u) protein(mg) activity(u/mg) (%) tion fold
1. Crude extract TCM 777 5450 0.14 100 1
2. (NHg)2SO,4 40-60% TCM 200 870 0.23 25.7 1.6
3. DEAE-cellulose CMI 134 220 0.61 17.2 4.4
CM 11 36 110 0.33 4.6 2.4
4. DEAE-sephadex A50 CMII 14.5 32 0.45 1.9 3.2
5. G-200 CM 1 20.6 8.8 2.34 2.7 16.7
CM 11 1.0 0.9 1.11 0.1 7.9

TCM, total chorismate mutase; CM I, chorismate mutase I; CM II, chorismate mutase II.
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Table 2. Purification of prephenate dehydratase
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Step thal Tc?tal .S.pecific Yield Purification
activity(u) protein(mg) activity(u/ mg) (%) fold
1. Crude extract 4550 5450 0.8 100 1
2. (NHy)2S04 40-60% 2460 870 2.8 54 34
3. DEAE-cellulose 886 95.7 9.3 19.5 11.2
4. DEAE-sephadex AS0 532 34.5 15.4 11.7 18.6
5. G-200 33.7 1.0 33.0 0.7 39.8
Table 3. Inhibiton of prephenate dehydratase, choris- 100
mate mutase I and II by aromatic amino acids.
Amino acid added Enzyme Relative activity(%)
L-Phenylalanine PDH 0
cM 1 100 g
cM I 100 g r
L-Tyrosine PDH 108 £
CM 1 100 = 5
CM I 63
L-Tryptophane PDH 100
CM I 100 | | \
cM 11 100 i 2

The amino acids were added at a final concentration of 1
mM into the standard reaction mixture detailed in Mate-
rials and Methods. PDH, prephenate dehydratase; CM,
chorismate mutase.
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Fig. 4. Inhibition of various concentrations of L-tyrosine
on chorismate mutase II activity.
The reaction mixture contained enzyme of 1.7 units, 0.4
umole chorismate and L-tyrosine added as indicated in a

total volume of 0.4 m/ of 20 xzmole tris-HCI buffer (pH
7.5).
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Fig. 5. Inhibition of various concentrations of L-phenyl-
alanine on prephenate dehydratase activity.

The reaction mixture contained enzyme of 2.3 units, 0.5
pmole barium prephenate and various concentrations of
L-phenylalanine as indicated in a total volume of 1 m/ of
25 umole tris-HCI buffer (pH 7.5).
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Fig. 6. Antagonistic effects of L-tyrosine and L-phenyl-
alanine on prephenate dehydratase.
The plots shown expressed prephenate dehydratase activi-
ty as a function of variable L-phenylalanine in the pre-
sence of fixed concentrations of L-tyrosine. Reaction
mixtures contained enzyme of 2.3 units, 0.5 #mole ba-
prephenate and the concentrations of L-tyrosine as indi-
cated. @, no addition; 0, 0.5 mM; &, 1.0 mM; 1, 2.0
mM.

Chorismate mutases £. coli®be wel wiAF
HZAALES) olu|mabe] Exfell BAGle]l LAk

o] aAE MAkEla ool Pseudomonas aureofaciens

243
100 [
S
T:’
g sof
£
2
=
1 1 { 1
1 2 3 4

L-Phenylalanine (x 10-5M)

Fig. 7. Inhibition of prephenate dehydratase by L-
phenylalanine in the presence of L-leucine and L-methio-
nine.

The reaction mixture contained enzyme of 2.3 units, 0.5
upmole Ba-prephenate and various concentrations of L-
phenylalanine as indicated. Each L-leucine and L-methio-
nine was added at final concentration of 10 mM into re-
action mixture. O, no addition; e, L-leucine; A, L-me-
thionine.

Table 4. Repression of chorismate mutase synthesis

Aromatic amino acid

added (SmM) Specific activity

NO addition 0.15
L-Phenylalanine 0.15
L-Tyrosine 0.16
L-Tryptophan 0.16

Intrasporangium sp. was cultured at 30°C for 48 hous in
the minimal medium supplemented with the aromatic
amino acid as indicated in the table.
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Table 5. Repression of synthesis of prephenate dehydra-
tase.

Aromatic amino acids added(mM) Repression(%)

L-Phenylalanine 1.0 94
L-Tyrosine 1.0 0
L-Tryptophan 1.0
L-Phenylalanine 1.0 63
+ L-Tyrosine 1.0
L-Phenylalanine 1.0 o
+ L-Tyrosine 5.0
L-Phenylalanine 1.0
+ L-Tyrosine 1.0 59
+ L-Tryptophan 1.0

Intrasporangium sp. was cultured at 30°C for 48hours in
the minimal medium supplemented with the aromatic
amino acids as indicated in the table.
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