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ABSTRACT

The present study was conducted to screen for pgyleitic bacterial isolate from soil samples of Kasir that are

able to produce excess L-tryptophan and accumulaetracellularly. The morpho-physio-biochemichbcacters

and 16S rDNA sequence homology of the isolatednsiralicated its taxonomic affiliation to Pseudorasn
chlororaphis. The isolated wild type Pseudomonasass able to grow optimally at 1€ and as low as% and

showed considerable amount of L-tryptophan proadmnc{il19 mg/lit). Findings in this study indicates thossibility

that the isolated psychrophilic strain may be usmdindustrial production of L-tryptophan. This $® far the first
report on L-tryptophan production by any psychrdigthacteria.
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INTRODUCTION

L-tryptophan is the third limiting essential amiagid required in the diet of protein deficient ptgtwn and
livestock after methionine [1] and lysine. In gealecereal grains are almost lacking L-tryptophaRecently L-
tryptophan is used in large scale for the treatroésthizophrenia, [2], alcoholism, insomnia [3Hattepression [4].
It is a safe and reasonably effective sleep ainhainly due to its ability to increase brain lev@iserotonin [5]. The
disorders, fructose mal-absorption and lactosddrdace [6] are caused due to improper absorpfidrygtophan in
the intestine and reduced levels of tryptopharhélilood It is also the precursor of a number of plant rpefites
like IAA [7], indigo, strychnine, serpentine, repire [8] and violacein [9]. A shift towards micrabiprocesses for
L-tryptophan production by microbial fermentatioegan in the early 1960s. Now a days L-tryptophardpetion
is carried out through enzymatic [10] and fermeémsaprocesses using metabolically engineered miganusms
[11]. Pathway of tryptophan biosynthesis is verjngiently regulated together with tyrosine and pi&ianine and
also it is coded by a single codon UGG. In the Eep of aromatic amino acid pathway, tryptophanttsse
catalyzes the formation of tryptophan from indotel dhe amino acid serine. Although many reportstied on
production of L-tryptophan from different mesopbilbacteria likeEscherichia coli[12]; Bacillus subtilis[13];
Aureobacterium flavescerjdl] and few thermophillic  bacteri®@seudomonas hydrogenothermopHia]. No
such reports are available on Psychrophilic besttli date. Primary aim of the present work issireen and
identify a psychrophilic bacterial strain that puod excess L-tryptophan.

MATERIALS AND METHODS
Isolation of psychrophilic bacterial strain

Soil samples were collected from Nalbandpora, Jaramii Kashmir, India, situated at 34.0897°N 74.7€00h
November 2010. 1 g of each soil sample were $gdélted separately up to Fodilution and 0.1 ml of 16and
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102 dilution from each sample were spreaded on DawisMingioli [15] minimal agar medium containin¢H,PO,
0.3g , KHPQ, 0.7g, Tri sodium citrate 0.05g, Mge®@H,O 0.02g, (NH),SO, 0.1g, Glucose 1% , Agar 2 %
Distilled water 100ml. pH 7.2. The plates wereubated at 10C for 72-96 hrs. The bacterial isolates were sub-
cultured on new Davis and Mingioli agar plate andffed by streaking twice

Screening of L-tryptophan producing bacterial stran

To screen a potent L-tryptophan producing bactesiedin all the isolates were grown in Davis andh@iibli
medium. The amino acid produced extracellularlythe medium was identified bghin layer chromatography
(TLC).

Among all the tested isolates the best L-tryptophramaucing strain was selected for further studies.

Detection of L-tryptophan by TLC

The amino acid produced was identified by thin-tagiromatography on silica gel 60 F254 plates (MER®ith a
solvent system of n-butanol/acetic acid/water (822 V/V/V). The supernatant obtained by centritima of
culture medium at 8000 rpm for 5 min from 72 hrd ollture was mixed well with n-butanol solvent)L:lt was
incubated at room temperature for 3hrs so that gphases were formed. After taking organic phasead by
evaporation, 50 ul of the concentrate was loaded’'k&C. The chromatogram was developed in rectamgylkess
chamber pre-equilibrated with the solution system&0 min. The chromatogram was dried and a salutibthe
ninhydrin reagent was sprayed on the TLC sheetoi@atogram was dried for 5 min at 200 The RF of the tested
sample spot was calculated and identified by comgawith RF of standard L-tryptophan [16].

Identification of the selected isolate

Morphological characterization:

Colony morphology of the isolate producing L- trgphan was recorded after growing the strain on ®awid
Mingioli minimal medium at 1% for 1 to 3 days. Overall shape, size, pigmentatapacity, elevation, margin;
whether smooth, rough, mucoid or glossy were rembabs per Smibert & Krieg [17].

Cell morphology was observed under high power nfaggtion of a Leica microscope (Model D-100) afteéram
staining. Cellular morphology was also determingdSianning Electron Micrograph (SEM) following Peti al
2006 [18].

Biochemical Characterization

Physico-biochemical characters i.e. Indole productiMethyl Red test, Voges Proskauer test, Citrtilezation,
Acid-gas production from glucose, Catalase actj\@yidase activity were checked following standprdcedure
[17].

The optimum growth temperature was determined bybating the strain in different temperature (08410 and
15°C).

Utilization of different carbohydrates

Carbohydrate utilization pattern was tested usitigakailable from HiMedia, India. 15 ul of activelyrowing
culture suspension of the isolate was inoculate@anh of the carbohydrate wells and incubated &€ or
observing any visible colour changes.

Study of antibiotic sensitivity

The antibiotic sensitivity test was done by distudion method [19]. Zone of inhibition was recoddefter growing
the culture at 18 for 48-96 hr. The antibiotics used were tetraegc30), nancomycin (30), erythromycin (15),
genatamycin (5), nalidixic acid (30), kanamycin)(3thloramphenicol (15) and cotrimoxazole (10).

DNA isolation, 16S rRNA gene amplification, sequemieg and phylogenetic analysis

Genomic DNA was isolated following the method of itar [20]. Amplification of 16S rRNA gene was cadi

out using primers 27f (5'- AGAGTTTGATCCTGGCTCAG-3nd 1492r (5-TACGGYTACCTTGTTACGACTT-
3’). Amplification, purification of the amplicon d@nsequencing of the 16S rRNA gene were done agideddy
Pandeyet al [21]. A near complete (1391 nucleotide long comtius stretch) sequence of 16S rRNA gene of the
strain was used for phylogenetic analysis with eddht psychrophiles belonging to phylum Proteobagte
Firmicutes, Actinobacteria and Bacteriodgshe phylogenetic tree was constructed using MEGsbfware. DNA
G+C contents of the strain 023K was determineavdlhg protocol of Shivajet al [22]
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Quantitative estimation of L-tryptophan

Quantitative estimation of L-tryptophan was carrimat spectrophotometrically following Hassan [2BEsidual
sugar in the culture filtrate was estimated bydhetrosalicylic acid method [24]. Protein contemas determined
by the Bradford method, with bovine serum albunB8A\) as a standard [25].

Selection of a suitable medium for L-tryptophan prauction

In order to select suitable medium for productidriLdryptophan by the selected psychrophilic straiz8K, five
different mineral salt mediums were tested inclgdbavis and Mingioli's medium. Twenty milliliter oféach
medium was taken in separate 100 ml Erlenmeyekd|asterilized and inoculated with washed bacter@ls of
Strain 023K (100 pl contained 7.5X1€ells.) from 3 days old broth culture. Growth, fein content [25], unspent
glucose [24] and L-tryptophan production [23] wereasured simultaneously.

Time course L-tryptophan production

In order to study the progress of fermentation, sbkected bacterial strain was inoculated in thected medium
(20 ml) in 100 ml Erlenmeyer flask. Growth, tryph@m production, protein content, pH level and nesidugar
were analyzed at each 24 hours interval.

Statistical analysis:All data presented are average of three replic&esdard error and P-values were calculated
using STATISTICA software.

RESULTS

Isolation of strain for L-tryptophan production

Soil samples from Nalbandpora, Kashmir, India, weegally diluted and plated on glucose minimal medagar
plates and incubated at°@for isolating psychrophilic bacterial strainstéfincubation for three days 22 different
psychrophilic bacterial colonies were obtained frb@f and10’ dilution of those samples. Out of 22, 3 strains viz
BO5K, BO8K and 023K from soil sample were seleaadhe basis of extracellular accumulation of Lptgphan in
the growth medium. Strain 023K showed maximum Iptophan production and thus selected for furthediss.
Qualitative estimation of L-tryptophan was doneThyC method (Fig 1).

Lane 1 ) 3

Fig 1. TLC pattern of amino acid produced in culture medium by strain 023K after 72 hrs in Davis and Nhgioli medium. Lane 1:
Standard L-tryptophan , Lane 2: Standard serine, Lare 3: Test sample

Morphological and Physio-biochemical Characteristis of strain 023K

Morphological and physio-biochemical charactermativere done from 48 hr old culture. Light micrgseqFig
2a) and SEM (Fig 2b) observation showed that thkated bacterial strain is a rod shaped (1-1.52x004) gram
negative one. The purity of the isolate was asselsgeolony morphology and microscopy after 48 kaynowth on
minimal agar plate. Morphological characteristic tfie strain 023K shows the colonies were smallpwish, with
smooth edges. Biochemical characteristics of ttarsare given in the Table 1. Optimum growth terapge was
found to be 1€C (Fig 3).
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Fig 2- Photomicrograph of the isolated bacterial stin 023K.(a) Gram stained cells under high power ragnification of Light microscope
(100x). (b) SEM photograph at 8000X

Table 1. Biochemical characters

Character Response
Indole production -
Methyl Red test +

Voges Proskauer test -
Citrate utilization -

Acid production from glucosg +
Oxidase +
Amylase activity +
Gas production from glucose -
Catalase activity +
Gelatin hydrolysis +
Lipase -

(+) = positive for the test; (-) = negative for thest.

Optirmum Growth Temperature
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Fig 3. Effect of temperature on growth of isolate B3K

Carbohydrate utilization test

Ability of utilization of various types of carbohsates by the selected strain 023K was studied ssridbed in the
materials and methods section. The results reuthals although some sugar-alcohol substrates (ligkatose,
salicin, esculin, inositol, mannitol, dulcitol étcan not be utilized, the test strain can utilzest of the common
mono and disaccharide substrates such as lactmseoske, maltose, mannose, ribose, galactose,smjancabinose,
sorbose, cellobiose and rhamnose.
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Antibiotic sensitivity profile
Antibiotic sensitivity of strain 023K was testeda@igst 8 conventional antibiotics. The inhibitiomeoagainst all the
antibiotics suggested that the isolate 023K waseqiible to all the tested antibiotics.

Identification on the basis of 16S rRNA sequence alysis:

Analysis carried out by using 16S rRNA gene seqeari¢he strain 023K and various online tools al#d# at RDP
site suggested that the strain belongs to the gBsesdomonasand named a®seudomonasp. 023K. The
Neighbour-joining phylogenetic tree (Fig.4) cleaithglicates that it forms a clade within the clus&presented by
Pseudomonas chlororaphi¥he strain showed closest sequence similarith Rgeudomonas chlororaphiSTCC
13985 (100%) followed byPseudomonas putid®&BRC 12653 (99%). The 16S ribosomal RNA genef
Pseudomonas sP23K, was submitted to GenBank and the following adoessumbers was assigned for isolate
023K is JX878339. DNA G+C content of strain 023Ksviaund to be 66.23 mol%.

“| Psendomonas sp. 023K
H:: Preitedomotias chlororapdiz ATGC 138985 (FIG52808)
“ri- Prewdpwnmes purida NBRC 12653 (ABGB0304)
400 Lhuuu'rmmr.w.-. cortugale ATCC 20738 (Dae2)
Prevdopdnas tolaaril ATCC 33818 (AF255336)
- Prendaionas prinpmii ATEC BAad-140 (AF263026)
Preishomonior fiorescens ATCC 13525 (De4013)

&2 &
5 Prendomonas meridiang MTCC 4853 (ASSATE0Z)
71} Preudeunonas amtarcice CMS 35 (AJS37801) s
Ll Freudomonae antarctica DEM 15318 (AJSITE01) BEtal"’Gam ma-

Dasania marinms JOM 13441 (AYTT1747) proteobacteria
Conlwelli prychrotropice AGAM 17HUB5848)
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-I Prepdoalteromonas aronica DEMW 18437 (DO TET 185
100 HPavchrabacter eiharing DSM 16327 (AYE30ET1)
FPapolwedreter cryohalelanris DSM 17308 (AYE50685)
. A tiricroibium amareficis WOPR) 25157 (HO80045T)

Sherrrond wor Fece! DSM 18070 (AMADEEET)

e alping DSM 22537 (GO 161989) Alpha-
1 -V-I— Merhlebacher fum fufisanoeenre RSN 5886 (AJ250801) proteobacteria
Rbodobaecier capsulotes ATOS 11168 (D16428)
100 Planocsecis prychrophilies DEM 14507 (AJ3T4746) I F"—m iCl.I tes
Sporovarcing povehrophila ATCO 23304 [D18277)

— Leifvernl rabira DISM 15304 (AJM3B585)
Sangribceter antarclicas DSM 18966 (EF211071) = 3
H—J. i Arthrobacter peyelrolectophilus. ATCC TO0TI3 (AF134178) '&Ctl nObaCte ra
I_|TJH|'WJM:I=U' pavehrophenalicey DSM 154548 (AJS16763)
—L.-trrhnm-mr slfarews ATCE 15096 (HE3409)
10 Pedobaeter himalayensiz JOM 12171 (AJS83425)
100 Sphinpobacterium faeciom JOM 21820 (AMIS178)
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Fig 4. Phenogram showing the phylogenetic relatiohip between isolated bacterial strain 023K and othepsychrophiles belonging to
Proteobacteria, Firmicutes, Actinobacteria and Baatriodes

Selection of a suitable medium for L-tryptophan praluction

Five different types of mineral salt medium, asadé®d in material and methods section were teftedheir
suitability as production medium. Growth, proteiontent, unspent glucose and L-tryptophan productiene
measured in the five test production mediums siamalbusly (Fig.5). Though all the four parametersevatudied,
Tokoro [26] medium was selected as best produatiedium considering growth and L-tryptophan prodrcti
Though DM* medium [15] and Alfoldi's medium [27] etvs good growth and glucose consumption by theénstra
the tryptophan production was not satisfactory .eelium of Tanaka [28] and Robinson (modified) [2@re not
suitable for tryptophan production as well.
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Fig 5. Suitability of different mineral salt mediafor growth and Tryptophan production (DM*, Tokoro, Tanaka, Alfoldi’'s and Robinson
modified). * DM indicates Davis and Mingioli medium

Time course L-tryptophan production in Tokoro medium

The time course of growth and the production ofyiptophan were studied using Tokoro medium (Fig=6dm the
figure it clear that the isolated bacterial str@®8K entered stationary phase in about 96 hr toht20 the medium.
Extracellular accumulation of L-tryptophan wasffidgtected in the medium after 24 hrs of growth iacdeases till
168 hr. During late phase of growth curve, grontlases gradually with continuous consumption of agecand
tryptophan was excreted. A maximum L-tryptophanuanglation in the medium was observed after 72 1 12
of growth. As the fermentation proceeds, pH of thedium becomes acidic from initial value of 7.26t8. The
result shows that the time of incubation, cell gitoand glucose has significant (p<0.05000) effeats-tryptophan
production.
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Fig 6. Time bound course of growth and L-tryptophanproduction by strain 023K in Tokoro medium
Correlations (Spreadsheet1)
Marked correlations are significant at p < 0.05000
N=8 (Case wise deletion of missing data)
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Incubation| Growth Tryptopha Glucose
Incubation | 1.000000 0.860354 0.878372 -0.970234

Growth 0.860355 | 1.000000  0.994922|  -0.761851

Tryptophan| 0.878372| 0.99492?2  1.00000G -0.794620

Glucose -0.970234] -0.761851 -0.79462D  1.000400
DISCUSSION

At present, the global demands for amino acidsaafgeved by microbial fermentation. Annual demard_-o
tryptophan for use as feed additives and in phaeotézal products is huge. Demand of L-tryptophanfcai
additive is increasing significantly in countriekel India, where staple food of majority of popidatis cereals
which naturally contain very low or no tryptophdri]. Though L-tryptophan production by many mesbptand
thermophillic bacteria is reported, there are ncohsveports of L-tryptophan production by any psygthilic
bacterial strain. In this study we have isolatepsgchrophilic bacterial strain capable of producirtryptophan
extracellularly. Phylogenetic analysis based onrD8$A sequence homology reveals that this straidBkDBelongs
to the genu$seudomonasand named aBseudomonasp. 023K. The genuBseudomonawas originally created
by Migula [30]. The psychrophilic straiiseudomonasp. 023K shows optimum growth at a temperature08€1
This may be useful for producing L-tryptophan imfeerate countries in a much economical way. Steamgitivity
to conventional antibiotics and non-haemolytic natdata not shown) indicate that this strain candesl safely for
industrial purpose. Optimization result shows #tatin 023K significantly increases the productdi. tryptophan
in Tokoro medium among the five tested medium. Bapcrease in protein concentration and decreaseigar
content of medium, during the growth demonstrater@aanetabolism of Strain 023K. It was observed tharing
the progress of fermentation the pH of the mediuadgally become acidic and after 72 hrs it becar@drém pH
7.2. As any significant pH change is not observedng the course of growth in the production medimmcessity
of pH control, which is a costly affair, is not éed. This makes the strain more useful indusyriarhe
unigueness and the importance of this study lidstityptophan production extracellularly in cheapdium and at
low optimum temperature. L-tryptophan used tilledétas an optimum production temperature dC3@verage,
making its production and use costly in temperatentries (85% of total biosphere), where the averaigbient
temperature is below’8 throughout the year [31]. From our result it iédent that the isolated strain 023K has
tremendous potentiality to be exploited industyiatl those regions.

CONCLUSION

In conclusion, the newly isolated psychrophilic dvilype strainPseudomonasp. 023K  shows potential L-
tryptophan producing ability in cheap mineral sakdium. The production may be further increasecdmgful
optimization of other parameters and as well ambtycing suitable mutation.
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