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Characterization and the Properties of L-Serine-Glutamate
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Abstract: Cell-free extracts of Alternaria chlamydospora contained only one L-serine transaminase activity.
The enzyme was L-serine-glutamate transaminase (EC 2.6.1.52) which catalyzed the formation of 3-hydroxy
pyruvate and glutamate from L a-serine and o-ketoglutarate. The enzyme had optimum activity at pH 8 and
the optimal temperature of the enzyme was 40°C. The transamination reaction catalyzed by L-serine-
glutamate transaminase was found to be irreversible. The enzyme was thermolabiale. Km of Alternaria
chlamydosporaenzyme for L-serine and a-ketoglutarate were calculated and found to be 13.33 and 6.66 mm
respectively. The activity of L-glutamate transaminase of Alternaria chlamydospora was stimulated by the
addition of pyridoxal phosphate, whereas hydroxylamine inhibited it. The inhibition by hydroxylamine was
overcome with pyridoxal phosphate.
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Introduction 1966) demonstrated in extracts of Escherichia coli
. o _ . the formation of L-serine from hydroxypyruvate by
L-Serine participates in a number of transami-  transamination with either L-glutamate, L-alanine

nation reactions in several bacteria including or aspartate, but L-glutamate was the most active
Pseudomonas AMI (Large and Qualye, 1963); amino-group donor.

Escherichia coli (Blatt et al., 1966); Hyphomicro- (Ragab et al. 1990) reported that cell free
bium methyllovorum CM2 (Hagishita et al., 1996 extracts of Cunninghamella elegans contained three
a&b) and Paracoccus seriniphilus sp. nov. (Pukall L-serine activities; namely L-serine-glutamate, L-
et al., 2003) and fungi including Cunninghamella serine-glycine and L-serine-alanine transaminase,
elegans and Fusarium oxysporum (Ragab et al., while those of Fusarium oxysporum contained L-
1990). Studies on the properties of L-serine serine-glutamate and L-serine-glycine transaminase
transaminase are scarce in microorganisms. Thus activities. L-serine transamination reactions of
(Large and Qualye 1963) showed that extracts of Cunninghamella elegans and Fusarium oxysporum
Peudomonas AMI catalyzed a transamination were found to be irreversible. The temperature and
between L-serine and a-ketoglutarate or pyruvate pH optima of L-serine transaminases of two
but the specific activities were low. (Blatt et al. organisms were determined. The Km values of L-
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serine transaminases of Cunninghamella elegans
and Fusarium oxysporum for various substrates
were also estimated. Pyridoxal phosphate, as a co-
enzyme had no effect on L-serine transaminases
activities in both fungi.

The present work aims to investigate the ability
of extracts of Alternaria chlamydospora to catalyze
the transamination reactions of L-serine and to study
the properties of L-serine-glutamate transaminase in
Alternaria chlamydospora. Such studies have not
been reported previously with this filamentous
fungi.

Material and Methods
(@) Organism

Alternaria chlamydospora was isolated from the
Al-Qassem region and identified by the International
Mycological Institute, England, United Kingdom.

(II) Media and culture

The organism was grown on sucrose - Czapek -
Dox liquid medium with L-serine replacing NaNO,
on a nitrogen equivalent basis. Five ml aliquots of
spore suspension of Alternaria chlamydospora was
used to inoculate 250 ml Erlenmeyer flasks, each
containing 50 ml of sterile medium. The inoculated
flasks were incubated at 28°C for 3 days, then the
mycelia were harvested by filtration, washed
thoroughly with distilled water, and finally blotted
dry with absorbent paper. The pH of the medium
was adjusted to 5.0.

(IIT) Preparation of cell - free extract

The harvested mycelia were ground with cold
sand in a cold mortar and extracted with cold
distilled water. The obtained slurry was then
centrifuged at 12.000 xgm for 10 min and the
supernatant was used as the crude enzyme
preparation.

(IV) Separation and quantitation of L-serine and
glutamate

Identified and determined the amounts of
L-serine or glutamate were identified and
determined by quantitative paper chromatography,
using Whatman No.1 filter paper and two solvent
systems. Solvent I consisted of n-butanol-aceton-
acetic acid-water (70 : 70 : 20 : 40) (Erasser and
Smith, 1976) and solvent II was water - saturated

phenol (Kay et al., 1956). The chromatogram was
continuously sprayed with the solvent for 16 hours,
then left to dry at room temperature for 24 hours
Drying was completed in an oven at 65°C. The dried
chromatogram was then sprayed with 0.2%
ninhydrin in acetone and heated at 65°C for 20 min.
The colored spots of the two amino acids were
located (in comparsion with standard samples), cut
from the chromatogam and each was placed in tube.
To each tube 5 ml of 71% ethanol was added, and
the tubes were shaken for 5 min. The resulting
colored solution was measured spectrophotome-
trically at 575 nm. A blank was prepared by cutting
from the chromatogam a white of paper of the same
size as the colored spots from the chromatogram,
this piece then treated as described before. The
concentration of glutamate was determined in a
reaction mixture using a standard curve, which was
prepeared using the same method.

The R¢ values of identified spots were identical to
those of the standard samples. The keto acids,
hydroxypyruvate and a-ketoglutarate were identified
by paper chromatography of their 2, 4-dinitro-
phenylhydrazine derivatives (Friedemann and
Haugen, 1943), using whatman No.1 filter paper and
two solvent systems. Solvent I consisted of n -
butanol - ethanol - water (40 : 10 : 20 ) (Germano
and Anderson, 1968) and solvent II consisted of n -
butanol - ethanol - 0.5 N NH40H (70:10:20)
(Seakins ez al. , 1976 ) . The identification spots had
the same R values as standard samples.

Protein was determined according to the method
of Lowry et al.(1951) .

(IV) Assay of transaminase activity

L-serine-glutamate transaminase activity was
assayed by following the formation of glutamate
when a-ketoglutarate and L-serine were incubated
with cell-free extracts. The reverse reaction of L-
serine-glutamate transaminase enzyme was assayed
by following L-serine formation from hydroxy-
pyruvate and glutamate. Unless otherwise specified,

- the standard reaction of the transaminase contained

in a total volume of one ml: amino donor (L-serine
Sumoles); amino acceptor a-ketoglutarate, 5
umoles; Tris-HCI buffer at pH 8, 80 wmoles and the
appropriate amount of enzyme. All the reactions
were initiated by the addition of substrates and
stopped by boiling for 2 mins in a water bath. One
unit of enzyme activity is defined as the amount of
protein which catalyzes the formation of one pumole

glutamate in 60 mins at 40°C. )
All data was statistically analyzed using Person

coefficient (Marija , J. and Norusis / spss Inc., 1990)
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Results

(1) Rate of Glutamate Formation from o-Ketoglu-
tarate and L-serine by Extracts of AL chlamy-
dospora.

Figure 1 demonstrates the formation of L-gluta-
mate when extracts were incubated with L-serine
and o-ketoglutarate. It shows that an increase in the
amount of L-glutamate was accompanied by a
decrease in the added amount of L-serine. The
equilibrium of the reaction was reached after 15
mins, at which point the amount of L-serine that had
disappeared was almost equivalent to that of the
formed glutamate.

(Reaction mixture contained in (total volume Iml ):
3.8 umoles L-serine , 5 umoles a-ketoglutarate, 5
umoles P-5-P, 80 umoles Tris - HCI buffer at pH
8 and 2.8 mg crude extract. The reaction mixture
was incubate at 40°C for time as indicated.)

O Glutamate @ Serine

Variables Pearson Significant
coefficient different

Pearson coefficient 0.916 0.004

Time, Serine Conc. -0.844 0.017

Fig. 1: Rate of glutamate formation from

a-ketoglutarate and L- serine by extracts of
Al chlamydospora.

From the result cited in the accompanying table,
a significant variation was noticed (0.004 and 0.017)
between time, a-ketoglutarate concentration and
between time, serine concentration respectively.

(2) Demonstration of the reverse reaction of L-seri-
neglutamate transaminase of Al-chlamydospora.

The reverse reaction of L-serine-glutamate
transaminase was demonstrated by determining the
amount of L-serine formed when the extracts were
incubated in a total volume of 1 ml, with 5§ umoles
hydroxypyruvate; 5 pmoles glutamate and
80umoles of Tris-HCI buffer pH 8 at 40°C for 1hr.
Results obtained showed that no serine formation
could be detected in reaction mixtures containing
extracts of Al. chlamydospora.

(3) Effect of pH on L-Serine-Glutamate Transa-
minase Activity of Al. chlamydospora

Figure 2 demonstrates that the optimal pH for the
formation of L-glutamate from L-serine and «-
ketoglutarate catalyzed by L-serine-glutamate
transaminase was pH8. At this pH optimum enzyme
activity was not affected by the nature of the buffer,
since identical activities were obtained in Tris-HCI
and NaOH-Glycine buffer.
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Reaction mixture contained in (total volume
Iml): 4 umoles L-serine, 5 pumoles - «-keto-
glutarate, 5 umoles P-5-P, 80 umoles buffer pH
as indicated and 2.18 mg crude extracts. The
reaction mixture was incubate at 40°C for 60 min.

® Glycine — NaOH buffer O Tris - HCI buffer

Variables Pearson Significant
coefficient different

Tris-HCI buffer,Glutamate 0.023 0.970

Glycine-NaOH buffer, 0.027 0.965

Glutamate

Fig. 2: Effect of pH on L-serine-glutamate
transaminase activity of Al. chlamydospora.
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From the result cited in accompanying table, no
significant variation was noticed (0.970 and 0.965)
between the Tris-HCl buffer and glutamate
formation, and between the Glycine-NaOH buffer
and glutamate formation respectively.

(4) Relationship Between Temperature and L-Seri-
ne-Glutamate Transaminase Activity of Al-chla-
mydospora )

As shown in Figure 3, maximal enzyme activity
for L-glutamate formation from L-serine and
a-ketoglutarate occurs at 40°C.

Results shown in Figure 3 indicate the ratio of
the activity for L-glutamate formation at 60°C to that
at 40°C (optimum) is 29.5 %.
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Reaction mixture contained in (total volume
Iml): 5 umoles L-serine , 5 umoles o-ketoglutarate
,5 umoles P-5-P , 80 umoles Tris - HCl buffer at
pH 8, and 2.8 mg crude extract. The reaction
mixture was incubate in temperature as indicated
for 60 min.

Significant different Pearson Variables
coefficient
Temperature, Glutamate -0.669 0.331

Fig. 3: Relationship between temperature and L-
serine - glutamate transaminase activity of Al-
chlamydospora.

From the result cited in the accompanying table,
no significant variation was noticed (0.331) between
Temperature and Glutamate formation.

(5) Thermal Stability of L-Serine-Glutamate Tran-
saminase of Al-chlamydospora.

Activities of L-serine-glutamate transaminase

was studied as a function of incubating the extracts
at 45°C for different time intervals in the presence of
a Tris-HCI buffer. It is clear from Figure 4 that the
activity of L-serine-glutamate transaminase decre-
ased gradually over time during incubation at 45°C.
The data shows that about 15.35 % and 82.02 % of
the enzyme activity was lost after 5 and 50 min
incubation.
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28 mg crude extract was indicated at 45° C with
an equal volume of 0.2 M Tris - HCI buffer pH 8
samples were withdrawn at different time intervals
and assayed for L-serine-glutamate transaminase
activity.

Significant different Pearson Variables
coefficient
Time, Remaining activity % -0.939 0.00

Fig. 4: Thermal stability of L-serine-glutamate
transaminase of Al-chlamydospora.

From the result cited in accompanying table,
significant variation was noticed (0.00) between
Time and Remaining activity %.

(5) Michaelis constant

It is of interest to know the relative affinity of an
enzyme for its respective substrates. This was
achieved by determining the Km values of this
enzyme with each substrate. The apparent Km
values of L-serine-glutamate transaminase for L-
serine and o-ketoglutarate were determined from
Linweaver-Burk plots of the reciprocation of initial
velocities and substrate concentrations, and were
found to be 13.33 and 6.66 mM respectively. These
results are shown in Fig. (5a & 5b and 6a & 6b).




Characterization and the Properties of L-serine-glutamate transaminase in Alternaria Chlamydospora 66

44 o
e y
g
S
£
g
8 2
3
Q0
14
U T T T T T T T
0 2 4 6 8 10 " 12 14
Ketogluarate concentration (mM)

4_
3_
2.
14
0 T T T T T T -
0 20 40 60 80 100 120 140 160
L-Serine Glutamate (moles)

(Reaction mixture contained in ( total volume Iml):

8 umoles L-serine, a- ketoglutarate as indicated, 5
umoles P-5-P, 80 umoles Tris - HCI buffer at
pH 8 and 1.89 mg crude extract. The reaction
mixture was incubate at 40°C for 60 min.

a - Ketoglutarate con., Glutamate)

Significant different Pearson Variables
coefficient

o - Ketoglutarate con., 0.753 0.084

Glutamate

Fig. 5a: Dependence of L-serine-glutamate transa-

minase activity of Al-chlamydospora on a-
ketoglutarate concentration

Reaction mixture contained in ( total volume Iml ):

L-serine as indicated, 10 5 umoles a- ketoglutarate
,5 umoles P-5-P, 80 umoles Tris - HCI buffer at
pH 8. and 1.89mg crude extract. The reaction
mixture was incubate at 40°C for 60 min.

Significant different Pearson Variables
coefficient
L-Serine con., 0.940 0.005

Glutamate

Fig.6a: Dependence of L-serine—glutamate transa-
minase activity of Al chlamydospora
on L- serine concentration

0.9+
0.8
3 .
S 06
0.4+
[ ]
0.2+
-7 T T T L T T T 1
03 02 4o 0.1 -02 -03 -04 -05 03 02 ol 01 02 03 04 05
-1/km 1/s x10° -1km 1/ x 10°
Significant different Pearson Variables . . .
coefficient Fig.6b: Lineweaver- Burk plot of the reciprocals of
IS, 1/V 0.953 0.003 initial velocities and L- serine concentration.

Fig.5b: Lineweaver-Burk plot of the reciprocals of

initial velocities and a-ketoglutarate
concentrations.

Significant different Pearson Variables
coefficient
IS, 1/V 0.953 0.003
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From the results cited in the accompanying table,
significant variation was noticed (0.05) between
L-serine concentrations and glutamate formation,
while no significant variation was noticed (0.084)
between a-ketoglutarate concentrations and
glutamate formation.

(6) Effect of Pyridoxal Phosphate and Hydro-
xylamine on L-Serine-Glutamate Transaminases
Activity of Al-chlamydospora

Table 1 shows that the addition of pyridoxal
phosphate at a concentration of 0.1 and 0.5 mM to
the reaction mixture containing Lserine and a-
ketoglutarate resulted in a stimulating effect. This
data indicates L-serine-glutamate transaminase of
Al-chlamydospora requires pyridoxal phosphate as
an acoenzyme. The Addition of hydroxylamine at
concentration of 0.1 and concentration of 0.5 mM

Table (1): Effect of Pyridoxal Phosphate and
Hydroxylamine on L-Serine-Glatamate Tran-
saminases Activity of Al-chlamydospora.

Additions Relative Activity (%)
Control 100.00
Pyriodoxal phosphate (0.1mM) 114.02
Pyriodoxal phosphate (0.5mM) 100.78
Hydroxylamine(0.1 mM) 60.83
Hydroxylamine(0.5 mM) 58.73
Pyriodoxal phosphate (0.1mM)

and Hydroxylamine (0.1 mM) 93.25

(Reaction mixture contained :( total volume 1ml ) 4
umoles L-serine, 5 umoles, «-ketoglutarate, 80
umoles, Tris-HCI buffer at pH 8 , 1.2 mg extract.
The Reaction mixture was incubate at 40°C for 60
min.)

caused inhibition in activity of L-serine-glutamate
transaminase. The inhibitory effect of hydroxy-
lamine on the enzyme was overcome with pyridoxal
phosphate. Hydroxylamine had no effect on the
enzymatic activity of L-serine-glutamate transami-
nase.

Discussion

The present work aims to investigate the ability
of extracts of Alternaria chlamydospora to catalyze

the transamination reactions of L-serine. The
obtained result revealed that Al chlamydospora
extracts catalyzed transamination between L-serine
and o-ketoglutarate to equimolar amounts of 3-
hydroxy pyruvate and glutamate, and demonstrated
that the equilibrium of the reaction was reached
after 15min. At this point, the amount of L-serine
that had disappeared was almost equivalent to that
of the formed glutamate. The transamination
reaction catalyzed by L-serine-glutamate transami-
nase was found to be irreversible. These results were
in close agreement with those reported for L-serine
-glutamate transaminase of C. elegans and F.oxy-

sporum (Ragab et al., 1991).
On the other hand, the reaction catalyzed by L -

serine-glutamate transaminase of Escherichia coli
(Blatt et al., 1966) was reported to be reversible.
Optimum activity of L-serine-glutamate transami-
nase of Al chlamydospora was obtained at pH
8.These results were in close agreement with those
reported for L-serine-glutamate transaminase of C.
elegans and F.oxysporum (Ragab et al., 1991).
Maximal activity of L-serine - glutamate transami-
nase occurred at 40°C. Similar results were
demonstrated for L-serine-glutamate transaminase
of C. elegans and F.oxysporum (Ragab et al., 1991).
Results have shown that the ratio of the activity for
L-glutamate formation at 60 °C to that at 40°C
(optimum) is 29.5 %. This data indicated the relative
sensitivity of the enzyme to higher degrees C. This
data also suggests that the enzyme was thermolabile.
Exposure of L-serine-glutamate transaminase to
450C for 5 and 50 min resulted in about 15.35 %
and 82.02 % loss of the enzyme activity
respectively. These results, along with the preceding
ones, indicate that L-serine-glutamate transaminase
of Al. chlamydospora was thermolabile. Km values
(Michelis constant) of L-serine-glutamate transa-
minase for L-serine and o-ketoglutarate were
calculated and found to be 13.33 and 6.66
respectively. The Km values demonstrated that L-
serine-glutamate transaminase has a greater affinity
for a-ketoglutarate than L-serine. It was shown that
L-serine-glutamate transaminase of Al-chlamydo-
spora requires pyridoxal phosphate as an aco-
enzyme. While pyridoxal phosphate did not
stimulate the activity of L-serine-glutamate tran-
saminase of C. elegans and F.oxysporum (Ragab et
al., 1991).
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