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Abstract: This study conducted to test and improve the ability of biosynthesis of L-Tryptophan by Pseudomonas
putida. First It was tested for producing amino acid L-Tryptophan, then exposed to UV radiation get mutants
produce L — Tryptophan. Tow strains were obtained after exposure 20 min to U V P. putida Al and P. putida BI
produce 2, 0%mg and 1.4%mg% L-Tryptophan respectively biosynthesis of Tryptophan ability of P. putida Al was
improved by adding cacium carbonate 0.3g % anthranillic acid. Anew mutant strain resistant to anthranillic acid P.
putida AIl was obtained from P. putida Al, daily after 18hrs addition of anthranillic acid and Ammonium sulphate to
the fermentation medium increasing the biosynthesis of L- Tryptophan to 117.39 mg% by this isolate P.putida.
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1. Introduction

Among all standard amino acids, L-Tryptophan
(L-Trp) is one of the least abundant and most
expensive to produce (Anyanful et al., 2005). It is an
aromatic amino acid with the unique in dole side-chain
that makes it a fundamental precursor in brain (Bauer
et al., 2000). It is a safe and reasonably effective sleep
aid (Riemann, 2002) probably due to its ability to
increase brain levels of serotonin (Le Floc’h Nathalie
& Seve Bemard,2007 and Laddha et al.2012). It is the
third limiting essential amino acid required in the diet
of protein deficient population and livestock after
methionine (Bidisha et al., 2013). It can be used as
food additive, infusion liquids, pellagra treatment,
sleep induction and nutritional therapy(Bongaerts et
al., 2001 and Gosset, 2009).1t is also the precursor of a
number of plant metabolites like IAA (Sahasrabudhe,
2011). Mostly L-Tryptophan is produced industrially
for feed and pharmaceutical purposes. Since the
chemical synthesis of L-Tryptophan has many
disadvantages such as nonrenewable toxic raw
materials and racemic mixtures of products, microbial
fermentation of L-Tryptophan has become attractive
alternative. Attempts have been made to overproduce
this important amino acid in a wide number of bacteria
including Bacillus subtilis (Gollnick et al., 2005) and
Pseudomonas aeruginosa (Pasupuleti et al., 2009)

Industrial production of L- Tryptophan is mostly
for feed and pharmaceutical purposes. A shift towards
microbial processes for L-Tryptophan production by
microbial fermentation began in the early 1960s.Now
a days L-Tryptophan production is carried out through
enzymatic (Mateos et al., 2009) and fermentative
processes using metabolically engineered
Pseudomonas sp. 023K (Bidisha, et al.(2013).
Enzymatic methods use enzyme or whole cells of
microorganisms with TPase (Chant and Summers,
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2007) or Tease (Chaudhry et al., 1998) activity. Since
the chemical synthesis of L-Tryptophan has many
disadvantages such as nonrenewable toxic raw
materials and racemic mixtures of products, microbial
fermentation of L-tryptophan has become attractive
alternative (Berry, 1996).

Rao et al (1975) found after exposing
Aspergillus fumigates to ultraviolet radiation which
produced mutants with the change of its biosynthesis
of tryptophan activity. Lawrance (1971) reported after
exposing cells to ionizing radiation produced a series
of reactions that raise the proportion of chemical
substances and lead to physiological alterations.Habbs
and McClellan (1975) observed that radiation affects
the proteins and enzymes, nucleic acids, lipids,
carbohydrates, and thus shows the effect on the cells.
A number of researchers they reported that Suitable
(pH) for the production of L-Tryptophan occasion
ranging from 5-7. (Ajinomoto, 1984; Ishida er al,
1986; Takamatsu et al, 1986), and provide
fermentation medium with materials that operate on
the  equivalent medium considered an ~ important
process to increase production of L —Tryptophan,
when using glucose as the carbon source is causing the
low pH to less than five and adding calcium carbonate
works to maintain the pH at the medium (Ajinomoto,
1980; Shiio et al., 1983 and Nyester, 1983).

Bacillus  subtitles  strain resistant to acid
anthranillic acid Was obtained maximum amount after
addition of 0.8 g% anthranillic acid to fermentation
medium ranged to 10.4mg/ml.(Arima et al, 1972).
The 0.5 gm % of the anthranillic acid was the
inhibitory concentration of L-Tryptophan production
by P. putida and the addition of anthranillic acid in
installments over of fermentation period and the strain
did not suffer from the inhibitor effect of the acid
(Yamada et al., 1972), also it's possible that the acid
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works as an induction in the way of constructed of L-
Tryptophan when anthranillic acid provide limited
quantities prohibitive for growth (Ishida et al, 1986
and Takamatsu et al., 1986).

The aim of the study was to improve ability
biosynthesis of the amino acid L-Tryptophan by P.
putida, using different chemical and irradiation
treatments.

2- Material and Methods:-
2.1Material:-
2.1.1. Microorganisms:-
Pseudomonas putidda was obtained from
Mircen, Fac. of Agric., Ain Shams Univ., Egypt.
2.1.2. Media:-
2.1.2.1. Complete Medium: (Nieder and Shapiro,
1975):-
(composed of 10g Ttrypton; 5g yeast extract; 5g
sodium chloride; 5g Glucose; pH7-.2)
2.1.2.2. Minimal Medium:(Ornston ef al., 1969):-
10mM potassium dehydrogenate phosphate;
50mM  Sodium monohydrate phosphate; 2g
Ammonium sulfate; 100uM Calcium chloride;1mM
Magnesium sulfate; 10uM Iron sulfate; Glucose;

pH6.2).
2.12.3.Seed Medium: (Nieder and Shapiro,1975):
TreptonelOg;  Yeast  extractSg;  Sodium

chloride5g; Anthranillic acid 0.8g; pH7-7.2.
2.1.2.4.. Fermentation Medium:-

Minimal medium modified by addition of 50g/1
glucose, 3g/1 CaCO; and 0.8g/1 anthranillic acid.
2.2.Methods:-
2.2.1.Studying the Ability Biosynthesis of The
Amino acid L-Tryptophan by The Wild Organism
P. putida.

The wild type of bacteria P. putida inoculated on
seed medium, after 18 hrs of incubation at 35°C this
culture was used as an inoculums for fermentation
medium and incubated for 96 hrs, free cell filtrate was
used to determine glucose, total amino acids and L-
Tryptophan residual in the medium.

2.2.2. Selection Mutants of P. putida by Penicillin
G:-

Bacteria P. putidda inoculated in liquid Minimal
Medium with addition of 410 units / ml penicillin to
select of mutant anti penicillin bacteria and then
incubated at 35°C for 16hours in shaking incubator
(100 rev/min), cells separated and washed with a
saline solution (0.8%), and then re-incubated in an a
complete medium with addition of 410 units / ml
penicillin for 24 hours to isolate mutant cells using the
method of gradual dish to work the following
experiments (Ornston ef al., 1969 and Fusho et al.,
1986).
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2.2.3. Selection of P. putida Mutants producing L-
Tryptophan Resistant to Ultraviolet Radiation
UV):-

P. putida strain resistance to penicillin treated
with UV. In liquid Minimal Medium with addition of
410 units / ml penicillin, 30 cm distance, samples were
obtained at intervals (5-10-15-20 minutes), and then
inoculated at 35°C and incubated for 24 hoursin a
shaking incubator, samples were used to inoculate
complete  medium that containing penicillin in petri
dishes and incubated at 35°C for 48 hours. This
mutant was used in the following studies.

2.2.4. Effect of Incubation Period on L-Tryptophan
Biosynthesis by P. putida Al in Presence of
CaCO;:-

Fermentation medium was inoculated by strain
P. putida Al mutant resistant to UV incubated in
shaking incubator at35°C, cells collected by centrifuge
for several intervals after 18 hrs of incubation, then
estimated the amount of glucose, tryptophan and total
amino acid residual in the medium.

2.2.5. Effect of The Presence of Anthranilic acid on
L- Tryptophan Biosynthesis by P. putida Al (Ruban
and Lobireva,1965)

Fermentation medium containing 0.8g/l acid
anthranillic acid inoculated by P. putida Al strain
resistance to penicillin and UV gave higher production
L-Tryptophan was incubated in shaking incubator at
35°C,

2.2.6. Effect of Daily Addition of Antheranillic acid
+ Ammonium sulphate on L-Tryptophan
Biosynthesis by P. putida AIl.

strain resistant to anthranillic acid was obtained
of P. putida Al by sing gradient plate method,, this
strain named P. putida All, it was tolerated to 0.5 g%
anthranillic acid, this strain resistant to penicillin and
UV and anthranillic acid.

P. putida All inoculated in seed medium and
incubated for 24hours at 35°C. and used to inoculate
the fermentation medium that containing of 0.8 g/ 1
anthranillic acid and incubated 24 hours at 35°C, daily
addition every 18hrs of 50mg% anthranillic acid
dissolved in ethanol and 10 mg% ammonium sulfate
dissolved in distilled water and sterilized as a source
of nitrogen were added to the fermentation medium to
increase the biosynthesis of tryptophan by this isolate.
2.2.7.Chemical Determination:-
2.2.7.1.Colorimetric Determination of Glucose:

To estimate glucose with colorimetric methods
Cooper and Daniel, (1970) method was used. The
control sample was prepared by taken 0.1ml of the
samples with a reagent solution 3 ml (1.5 thiourea in
940ml of glacial acetic acid, 60ml o -toluidine)
requested the samples well and incubated in a water
bath for 8 minutes at the boiling point, then refrigerate
for 10 minutes and determined by using
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spectrophotometer at at 630nm. Calculated the amount
of glucose in the sample compared to the standard
curve for glucose (1 g/ glucose in benzoic acid
solution (1 g/l), and used the following dilutions: 20,
40, 60, 80, 100 g/1).

2.2.7.2. Colorimetric Determination of Total Amino
acid:-

Muting and Kaiser, (1963) method was
Followed, Mixing 0.1 ml of the sample + 1.5 ml
mixture of ethanol and acetone (1:1) + 0.1 ml
phosphate buffer (0.1m,pH6.5)+ 2 ml ninhydrin in test
tubes 15 ml x 200 ml, and placed in a water bath at
boiling degree for ten minutes, then transported
directly to the ice bath, and then added to a 10 ml
ethanol and determined the total amino acids by using
spectrophotometer at at 580nm. Using known amount
of glycine as a control sample was determined the total
concentration of nitrogen or total quantity of amino
acids.
2.2.7.3.Colorimetric
Tryptophan:

The acid ninhydrin method were used (Molnar
and Pinter, 1989),when 1 ml of the sample added to 2
ml ninhydrin reagent and incubated in a water bath at
a temperature of 35 ° ¢ for 90 minutes with the use of
a control sample of water, then distilled water added to
samples, bringing the volume to 10 ml, and measured
by spectrophotometer at 390 nanometers.

Determination of L-

Statistical Analysis:-

Anova Analysis was used.
Conversion (%) = tryptophan quantity/ Consumed
sugar x100.

Yield (%)=L-Tryptophan quantity/The amount of
sugar added to the medium x100.

3. Results and Discussion:-

P. putida resistance to penicillin exposure to
ultraviolet radiation resulted in obtaining 2 resistant P.
putida Al and P. putida B1 after 20min, where they
tested their ability of biosynthesis L-Tryptophan
compared to the original strain and found the
following. It is possible to get tow isolates of P. putida
as a result of exposing the microbe (for 20 minutes) to
UV radiation produced a small amounts of L-
Tryptophan and this agreed with results that Rao et al.
(1975) found. Estimated amount of glucose consumed
by P. putida wild strain of 3.28 mg % of the total
amount, while the percentage in P. putida Al 3.86 %
and 3.62 mg 5 mg in P. putida B1, of 4.83 mg % race
total amount in the medium Table (1). Total amount of
amino acids produced by P. putida Al was 36 mg %,
and 37.5 mg % by P. putida B1, and (25 mg %) by
wild type (Tablel). Amino acids were estimated by
wild strain P. putida -matched controls and proven
lack of ability of biosynthesis L-Tryptophan. While P.
putida Al produced 2.0 mg % and 1.4 % by P. putida
BI (Tablel) (Fig 1), this results agree with that found
by Lawrance(1971) and Habbs and McClellan (1975).

Table(1):Effect of ultraviolet radiation on L-Tryptophan biosynthesis by P. putida.

Organism Biomass Consumed Sugar consump./ L-Tryptophan T.A.A. Conversion | Yield
(mg%) sugar(g%) unit weight (mg%) (mg%) (%) (%)
Control 740 3.28 4.43 - 25 - -
Colony AI 320 3.86 12.06 2.0% 36 0.05 0.04
Colony BI 210 3.62 17.24 1.4 37.5 0.04 0.03
Initial amount of glucose=4.83g%
*Rate of increase in tryptophan biosynthesis 42.86% over colony.
m Control m Colony Al Colony Bl
700
600 -
500
400 -+
300
200
il A iy
0 -
Biomass Tryptophan T.AA. (mg%)
(mg%) (mg%)

Fig.(1): Effect of ultraviolet radiation on L- Tryptophan biosynthesis by P. Putida
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Studying the effect of inoculation period in presence of CaCO; fermentation medium gave a higher amount of
extracellular L-Tryptophan after 108hrs days of fermentation (26%) using P. putida Al either percentage increase of
160% over the control (Table2) (Fig2). A number of researchers they reported that best degree pH of the production
of L-Tryptophan occasion ranging from 5-7 (Ajinomoto, 1984; Ishida et al., 1986 and Takamatsu et al., 1986) and
provide fermentation medium with materials that operate on the equivalent medium considered an important process
to increase production of L-Tryptophan, when using glucose as the carbon source is causing the low pH to less than
five, but adding calcium carbonate works to maintain the pH in the medium (Ajinomoto, 1980; Shiio ef al., 1983 and
Nyester, 1983), or because that the biosynthesis of L-tryptophan from glucose involves a long metabolic pathway,
there are several regulatory circuits which affected the accumulation of L-tryptophan such as transcriptional
repression, attenuation, feedback inhibition and so on (Bongaerts, ef al., 2001 and Bidisha ef al., 2013).

Table(2): Effect of incubation period on L-Tryptophan biosynthesis by P. putida Al in presence of CaCQs.

Incubation Biomass(mg%) Consumed Sugar Tryptophan T.A.A. Convesion Yield
period (hrs) sugar(g%) cunsump/unit (mg%) (mg%) (%) (%)
weight

Control 430 4.53 10.54 10 19 0.22 0.20
18 250 3.53 14.12 11 80 0.31 0.23
36 290 3.99 13.76 19 95 0.48 0.39
54 340 4.35 12.79 20 80 0.46 0.41
72 390 4.49 11.51 21 70 0.47 0.44
90 410 4.63 11.29 24 56 0.52 0.50
108 405 4.78 11.80 26* 45 0.54 0.54
116 400 4.81 12.03 19 44 0.40 0.39

P. putida Al.=Resistant to UV radiation;  Initial amount of glucose=4.83g%.
The results were significant at 5 %) *Rate of increase in L-Tryptophan biosynthesis 160%.
mControl m18h m36h m54h m72h m90h 108h 126h
450 17
400
350 1
300 +
250 A
200
150 +
100 + ;
el e = —
0 -+ T --.I T T
Biomass Tryptophan T.AA. (mg%)
(mg% (mg%)

Fig.(2): Effect of incubation period on L-Tryptophan biosynthesis by P. putida Al.

The addition of 0.8mg% anthanillic acid in culture medium increased the ability of P. putida Al biosynthesis
L-Tryptophan 8.9mg% compared with control, this result agreed with that found by arima, et al., (1972) (Table3)

(Fig3).

Table(3):Effect of Presence of Anthranilic acid in inoculation medium on Tryptophan biosynthesis by P.

putida Al

Inoculum medium Biomass Consumed Sugar L-Tryptophan T.A.A. Conversion Yield

(mg%) sugar(g%) cunsump/unit (mg%) (mg%) (%) (%)
weight

Control 190 4.01 21.11 2.2 30 0.06 0.05
(No anthranillc acid)
0.8mg% anthranille 450 3.65 8.11 8.9* 98 0.24 0.18
Acid

P. putida Al.=Resistant to UV radiation;  Initial amount of glucose=4.85g%
*Rate of increase in tryptophan biosynthesis 3.4.55%.
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Fig.(3) Effect of presence of anthranillic acid in incoulum medium on Tryptophan biosynthesis by P. putida Al.

m Control

m 0.08g% anthranillic

(No anthranillic acid)

acid

-]

Biomass

(mg%

Tryptophan
(mg%)

T.AA. (mg%)

Daily after 18hr addition of anthranillic acid (50mg% dissolved in 96% ethanol) and 10mg% ammonium
sulphate dissolved in distilled water resulted in significant increased amount of tryptophan biosynthesis when isolate
P. putida All was used. Further addition of anthranillic acid, tryptophan contents reached117.39mg% after 108hrs
incubation when anthranillic acid content was 580mg% with 47.74%increase over the control(Table4), (Fig.4), that
can be explained by results obtained confirm that the 0.5 gm % of anthranillic acid was the inhibitory concentration
of strain P. putida All, this agreed with (Yamada et al., 1972), also it's possible that the anthranillic acid works as an
induction in the way of biosynthesis of tryptophan when anthranillic acid provide limited quantities prohibitive for
growth (Ishida ef al., 1986 and Takamatsu et al., 1986).

(Table 4.) Effect of daily addition of antheranillic acid + ammonium sulphate on the biosynthesis of
Tryptophan by P. putida AIl.

Fermentation Amount of | Amount of | Biosmass Consumd Sugar L- T.AA. Conversion [ Yield
period (hrs) anthranillic sulphate (mg %) sugar(g%) cunsump/ Tryptophan | (mg %) (%) (%
acid (mg%) (g%) unit weight (mg %)
Control 80 1.20 485 4.55 9.38 80.00 430 1.76 1.70
18 330 1.25 340 4.58 13.47 82.61 470 1.80 1.76
36 380 1.26 315 4.58 14.54 86.95 395 1.90 1.85
54 430 1.27 305 4.59 15.05 95.65 435 2.08 2.04
72 480 1.28 285 4.60 16.14 100.00 475 2.17 2.13
90 530 1.29 265 4.60 17.36 104.34 485 2.27 2.22
108 580 1.30 245 4.61 18.82 117.39* 510 2.55 2.50
126 630 1.30 210 4.62 22.00 113.04 495 245 2.41
P. putida All.=Resistant to UV radiation and 30mg% SMT and 0.5g% anthranillic acid; Initial amount of

glucose=4.70g%.
Initial amount of anthranillic=80mg%. Initial amount of ammonium sulphate=1.2 g%.

m Control m18h m36h m54h m72h m90h

108h

126h

500

400

300

200

100

7

Biomaas

(mg%)

Tryptophan
(mg%)

T.AA(Mg%)

Fig.(4) Effect of daily addition of anthranillic acid + ammonium sulphate on L-Tryptophan biosynthesis by P. putida

ATl
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