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ABSTRACT

Purification and Characterization of Phospholipadeom
Sreptomyces tendae

Poonam Mander
Advisor: Prof. Jin Cheol Yoo
College of Pharmacy

Graduate School of Chosun University

Sreptomyces tendae, a member of actinomycetes isolated from Koreaih, gooduced an
extracellular phospholipase D. The fermentationcess was carried out along with its
purification and characterization. Various concatns of carbon, nitrogen and mineral sources
were supplied to the culture medium for media oation. It was able to produce maximum
PLD activity when cultured in a medium containirfigy 8ucrose, 2% soybean, 0.05 % Gaod
0.1% CaCQ. During fermentation process most of the PLD wasreted during early growth
phase. The culture broth exhibited 3.7 U/ml of lojgic activity when cultivated at 28°C for 5
days. The enzyme was purified using Sepharose Clcd@iBmn chromatography followed by
DEAE Sepharose CL-6B ion exchange column chromapdgr. The enzyme was purified to
apparent homogeneity giving a single band on SD&PAvith a molecular mass of 42.8 kDa.
Optimal activity was found at 60°C and pH 8. Addlitally, the enzyme activity remained
virtually unaltered when treated at 60°C for 90 naind was stable at pH range of 8-10,
suggesting that the enzyme is thermostable anhtisligH stable in alkaline range. Further, the
enzyme activity was found to be enhanced by 1.5%MiX-100 and 2 mM C&". This work

presents the purification and characterizationnoéazyme fron&treptomyces tendae.
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1. Introduction

The genusSreptomyces affiliated to the Streptomycetaceae family is tlaegest
antibiotic-producing genus in the microbial worldabvered so far. Besides antibiotics,
they are also reported to produce various typesnafymes. Convenience in enzyme
production, higher transesterification activity astdrage stability of the enzyme have
made some microorganisms, particulalyeptomyces strains, an important source of
phospholipase D in biocatalytic applications.  Thaost traditional source of
phospholipase D is cabbage while phospholipase o f&reptomyces hachijoensis,
Sreptoverticillium cinnamoeum, Streptomyces lydicus, Streptomyces antibioticus, and
Sreptomyces sp. strain PMF are the primarily studied microlplbspholipase Ds [1]. In
the present study&reptomyces tendae capable of producing novel thermostable serine
protease enzyme [2] conserved in microbiology latwy, college of pharmacy, Chosun
University, is selected for production, purificatiand characterization of phospholipase
D.

Phospholipase D is an enzyme which is abundantipdan bacteria, fungi, plants and
animals [3]. Phospholipase D enzyme was first foand characterized in carrot and later
in other plant such as cabbage, peanuts, castor bga Among the all sources,
phospholipase D from actinomycetes has been mastgstigated due to its higher
transphosphatidylation activity compared to otheurses [4, 5]. There is very low
identity between plant, yeast and human phosplredifia gene. Bacterial phospholipase
D show homology with each other, but no significaimilarity with plant phospholipase
D [6]. Based on homology in structure and mechanjghospholipases D are considered
to be a part of superfamily of protein known as ggiwlipase D super family, each
member containing the highly conserved ‘HKD’ madifid other conserved sequences
[7,8,9]. Phospholipase D can catalyze basically tymes of reaction, hydrolytic and
transphosphatidylation. In the hydrolytic reactigmospholipids such as phosphatidyl
choline (PC), which is considered to be major sabstfor phospholipase D, is
hydrolyzed to phosphatidic acid (PA) and choline thg action of phospholipase D.

Furthermore phospholipase D performs a transphdisigtetion reaction using water or



primary alcohol as ethanol or 1-butanol as the eniile to generate PA, phosphatidyl
ethanol or phosphatidyl butanol (PBut).
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Figure 1: Hydrolytic activity and transphosphatatydn activity shown by phospholipase
D [10]

The two reaction catalyzed by phospholipase D coenpith each other and the product
formed in transphosphatidylation reaction seembetdhydrolyzed by phospholipase D
[11]. Microbial phospholipase D, especially frd&reptomyces, show relatively higher

transphosphatidylation activity compared to thosedpced by other organisms. The
transphosphatidylation reaction is important precder the synthesis of scarce
phospholipids like phosphatidyl ethanolamine, plhasiylserine, phosphatidylglycerol
or phosphatidyl inositol [12-14]. Some atrtificiahgspholipids, which have very high
demand in pharmaceutical and cosmetic industryaks® synthesized by such reaction.
When talking about its importance, its performamgeversatile, such as in case of
mammalian cells, phospholipase D and its produosphatidic acid (PA) are involved in
number of signaling cascades, cell proliferatiorembrane trafficking and defense
response. While in plants, phospholipase D phostéites PA to produce diacylglycerol

2



pyrophosphates (DGPP), and this DGPP are newlywksed phospholipase D whose
formation attenuates PA level, but itself is secamessenger. Phospholipase D and PA
role in plant signaling and provide the first dersiwation that DGPP is formed during
physiological conditions that evoke PA synthesis][With advancement in molecular
and structural biology of phospholipase D, the dréor recombinant production and
genetic engineering of phospholipase D is highlgreasing. Several phospholipase D
have been produced by heterologus expression. ¥amnme, phospholipase D from
Sreptomyces antibioticus, Streptomyces PMF and Chimeric phospholipase D from
Sreptomyces sp were obtained as recombinant proteins expressdel coli. Thus
phospholipase D from plant or microorganism can used as biocatalyst in the
transformation of phospholipids analog in both labory and industrial scale. From
practical point of view phospholipase D enzymenpartant for production of artificial
phospholipids that are of some importance in pheeuticals and food industry and
cosmetic industry. The schematic diagram for thefipation scheme carried in this

research work is shown in Fig. 2.
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Figure 2: Schematic diagram of the purificationesol of phospholipase D



2. Materialsand M ethods

2.1. Materials

2.1.1. Chemicals and | nstruments

Choline oxidase (E.C.1.1.3.17, froMcaligenes sp.), peroxidase (E.C.1.11.1., from
horseradish), le-phosphatidylcholine from dried egg yolk, phenolaminoantipyrine,

Triton X-100, as well as some other chemicals @flwital grade were purchased from
Sigma. Sepharose CL-6B and DEAE Sepharose CL-6 wktained from Pharmacia,

and all other chemical used were of analytical grad

2.1.2. Bacterial Strain

Actinomycetes is a non taxanomic term for a groficammon soil microorganism
sometimes called as “thread or ray fungi”. In giowabit many actinomyceteesemble
fungi, but smaller and the term common to both a@sed to describe morphological
features. The most common genus of actinomycetssiins Sreptomyces that produces
straight chains or coils of spores or conidia [X, Breptomyces tendae belonging to
actinomycetes group was the selected strain fopthidication and characterization of
phospholipase D enzyme. The considered bacterah was isolated from soil samples

collected in Jeonnam province, Korea.

2.2. Methods

2.2.1. Culture Condition

Sreptomyces tendae, isolated from Korean soil, maintained on OSYM ag@dium (2%
oatmeal, soybean meal 1%, dried yeast 1%, mantd#gl Spores from the straimere
precultured at 28 °C and 160 rpm for 2 days intaryoshaker with 50 ml of emersion
media containing 0.4% beef extract, 0.1% yeastaekt0.4% peptone, 1% glucose, and

0.25% NaCl. 2% of this per-culture was then usedntculate 200 ml of medium

4



containing 2% sucrose as carbon source, 2% soydeeaiirogen source, 0.05% Ca@k
mineral source and 0.1 % Cag@hich is cultivated for 5 days at 28 °C and 1pthr
To determine the optimal medium composition, vasigarbon and nitrogen sources in
different concentrations were supplied in producttimedium. Culture samples were
collected at interval of 24 hour and phospholip@eproduction was checked by
measuring absorbance at 500 nm. Samples were fogetti at 6,000 x g for 20-30

minutes at 4 °C.

2.2.2. Ammonium Sulfate Precipitation

Sreptomyces tendae strain was grown in optimal medium for 5 days &advested by
centrifugation at 6,000 x g for 1 hour at 4 °C. mlemmonium sulfate (30-75%) was
slowly poured into the supernatant, allowing thi ®adissolve slowly. The supernatant
was continually stirred on ice bath until all saltsre completely dissolved. Precipitates
were recovered by centrifugation at 6000 x g fdrolr at 4 °C and dissolved in 10 mM
Tris-HCI (pH 8.5).

2.2.3. Sepharose CL-6B Column Chromatography

The dialyzed ammonium sulfate precipitate were eatrated using an ultra filtration
(Amicon, Danvers, MA) through a membrane pore siZ80,000 MW. The resulting
concentrated samples (5-20 ml) were applied to gh&ese CL-6B column (116 cm
length, 2.2 cm in diameter) at an elution speed om/hr. Sample were eluted with 10
mM Tris-HCI buffer (pH 8.5). Fractions having phbstipase D activity were colleted

and concentrated using cellulose membrane filteiniggpore size of 10,000 MW.

2.2.4. DEAE Sepharose CL-6B |on Exchange Column Chromatography

The active fraction eluted through Sepharose CL&Bumn chromatography was
concentrated and then loaded onto a DEAE Seph&b<B column (75 cm height and
1.2 cm diameter) at a flow rate of 2 ml/10min. Bigpuations and elution were performed

first with 10 mM Tris-HCI to remove unbounded piiaote and then with a linear salt

5



gradient ranging from 0 to 0.2 M KCI. Active framtis were pooled, concentrated and

then used for characterization.

2.2.5. Enzyme Assay

The phospholipase D activity assay was performetbligwing the procedure described
by Imamura and Horiuti (1978) [18]. It is based the enzymatic determination of
choline that is released during the hydrolysis diogphatidylcholine (PC) by
phospholipase D. The substrate solution PC, wagapee by mixing 200 mg of k-
phosphatidylcholine (60%), 4 ml distilled water &hd ml diethyl ether. And then it was
sonicated on ice bath for 1 hour. Then PC emulsanade by taking 200l PC, 100yl
1M Tris-HCI (pH 8.5) and 6@l 0.1 M CaC}. The final reaction contained 40enzyme
sample and 6Qui PC emulsion, followed by incubation at 55 96r 20 minutes and
arrested by the addition of 60 1M Tris-HCI buffer (pH 8.5) containing 50 mM EDTA
The samples were boiled for 10 minutes and theltedhior 10 minutes in ice. Then to
the above mentioned standard reaction, @56f mixture containing 1.7 U peroxidase,
7.98 mM 4-aminoantipyrine, 4.3 mM phenol and 0.14Hdline oxidase was added and
then incubated at 37 °C for 1 hour. The sample unixtvas then treated with 0.5% Triton
X-100 (v/v) to remove turbidity. The amount of qoneimine dye formed during reaction
was measured at 500 nm. A UV-1601 UV visible smpattotometer (Shimadzu
Corporation, Japan) was used to measure the aleeb®ne unit of enzyme was

defined as the amount of enzyme required to cordvgrn of choline from PC.

2.2.6. Protein Assay

Protein concentration was determined by the Bradfoethod (1976) [19] using bovine

serum albumin (Life technologies, Gaithersburg, MDS. A.), as the standard.



2.2.7. Optimization of Temperature and Thermostability

For optimization of temperature, phospholipase bviig was determined at different
temperatures (20 °C to 80 °C) by incubating thespholipase D catalyzed standard
reaction mixture at different temperatures for metiinterval of 20 minutes. For the
determination of thermal stability, enzyme samplesre incubated at different
temperatures (60 °C to 70 °C). Aliquots of samplese withdrawn at interval of 15

minutes and kept on ice bath before measuringa$idual activity.

2.2.8. Optimization of pH and pH Stability

For optimization of pH, phospholipase D activitysndetermined at different pH values
(3-11) by taking different pH buffers having 0.1ddncentration (citric acid and sodium
phosphate buffer- pH 3.0, 4.0, 5.0, 6.0. 7.0 ,-A@&- pH 7.5, 8.0, 8.5, 9.0, sodium
bicarbonate-sodium hydroxides — pH 10 and 11 in phespholipase D catalyzed

standard reaction mixture as described above.

For pH stability, aliquots of enzyme samples weeated with various pH buffer (0.1 M)
for 24 hour at 4 °C. Then the residual enzyme dgtivas evaluated under the standard

assay condition.

2.2.9. Effect of Metal 1ons on Phospholipase D Activity

The effect of different 2 mM metal ions €aMg®*, Mn**, C&*, zr?*, F&*, CU,
EDTA) on the activity of phospholipase D was stdgiesing the above standard reaction

mixture.

2.2.10. Effect of Deter gents on Phospholipase D Activity

The effect of various detergents (Triton X-100, &we20, Tween 80, Polyethylene-4-
Lauryether, Deoxycholic-acid, N-Lauryl SarcosineHAPS and SDS) at 1.5 %
concentration was studied on the phospholipasetitscby using the above standard

reaction mixture.



2.2.11. Polyacrylamide Gel Electrophoresis (SDS-PAGE)

SDS-PAGE analysis of phospholipase D fr@meptomyces tendae was performed using
different samples such gsowth medium, filtered culture supernatant, ammonsulfate,
after GPC and DEAE column chromatography contairphgspholipase D activity,
which were carried out as described by LaemmIv(13920] using 5% stacking gel and
10% polyacrylamide resolving gels (1.5 mm thickne&sw molecular weight protein
standards (Fermentas) was used as reference progamples of protein preparations
were dissolved in a solution containing 60 mM THIS! (pH 6.8), 14.4 mMBp-
mercaptoethanol, 2% SDS, 25% (v/v) glycerol, andl% Bromophenol Blue and

immediately heated at 100°C for 10 minutes.

Electrophoresis was carried out at a constant cuoe150 V/40 mA until the tracking
dye (Bromophenol Blue) reached at the bottom ofgek(approximately 1 hour total

running time). SDS-PAGE gels were stained by usi@pomassie Brilliant Blue Stain.



3. Results and Discussion

3.1. Morphology of Streptomyces tendae

Sreptomyces tendae was grown in OSYM agar plate. White colony witmgn diameter,
white aerial mycelia, gray colored spores were nlesk after 4 days of incubation in
28 °C, as shown in Fig. 3.

3.2. Effect of Nutrients on Phospholipase D Production

Various carbon, nitrogen and mineral sources wapplged to the medium to evaluate
their effect on production of phospholipase D. Th2® of several different types of
carbon source were supplied and production of giaggase D was examined (Fig.4).
The strain grew well on various tested carbon sEsiand sucrose showed the highest
effect. Similarly 2% of several different nitrogesources were tested for enzyme
production, as shown in Fig. 5. Maximal enzyme pistsbn was shown by 2% soybean.

Enzyme production was also enhanced by the addifi@05% CaGClas mineral source
(Fig. 6).

3.3. Fermentative Production of Phospholipase D Enzyme

The fermentation study was carried out in optimireedia containing 2% sucrose, 2%
soybean, 0.1 % CaG@nd 0.05 % CaGl The fermentative production of phospholipase
D was investigated in 200 ml batch culture systéamthe fermentation study it was
observed that3reptomyces tendae secreted maximum phospholipase D in culture broth
at 72 h of cultivation as shown in Fig. 7. Enzynagvaty was found to be 3.8 Units/ml in
broth.



3.4. Purification of Phospholipase D Enzyme

3.4.1. Ammonium Sulfate Precipitation

Ammonium sulfate precipitation was performed as fint step of phospholipase D
purification. Ammonium sulfate fractions collectati30-75% saturation and assayed for

specific phospholipase D activity after dialysis.

3.4.2. Purification

The broth was concentrated by ammonium sulfateiggtaton at 30-75% saturation at
4 °C. The pellet collected by centrifugation atO®& g for 1 hour at 4 °Gvas dissolved
in 10 mM Tris-HCI (pH 8.5) buffer. After filtratiothrough YM 30 (pore 30,000 MW),
the supernatant was applied to Sepharose CL-6Breo(@.2 cm x 116 cm). Sample was
eluted by 10 mM Tris-HCI (pH 8.5). Fig. 8 shows t@ph of fractions that collected
from Sepharose CL-6B chromatography column. Saropllected from Sepharose CL-
6B chromatography was applied on DEAE anion exchargdumn. Elution was carried
out with a gradient of 0.2 M KCI at a flow rate 80 cm/h (Fig. 9). Increase in the
phospholipase D specific activity using ammoniunifate was 1.7-fold. Subsequent
increases in phospholipase D specific activity wi® and 4-fold by using Sepharose
CL-6B column chromatography and using DEAE colurhromatography, respectively.
The enzyme purified to homogeneity resulting infald purification with a yield of 2%
as presented in Table 1 was analyzed on SDS-PAGELQ}. The molecular weight of
phospholipase D (lane no. 5, Fig. 10) was estimtdelbe 42.8 kDa by comparing the

reference proteins.

3.5. Optimization of Temperatureand Ther mo Stability
Using purified enzyme frorftreptomyces tendae its reaction characteristics and stability
were determined. The optimum reaction temperatues found to be 60 °C for

hydrolysis of PC (Fig. 11).
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When investigating the thermal stabili§treptomyces tendae exhibited thermal stability
up to 60 °C when measured after 90 min, suggestivag it is a thermostable
phospholipase D enzyme (Fig.12). Similar resultsvehabeen observed from

phospholipase D produced Byeptomyces sp. [21].

3.6. Optimization of pH and pH Stability

The optimum pH foiStreptomyces tendae phospholipase D is pH 8 as shown in Fig. 13.
In addition the enzyme exhibited high stability atkaline range of pH(8-10). The
enzyme activity was lost in highly acidic conditiorhis result indicates that the enzyme

from Streptomyces tendae is more stable in alkaline range (Fig.14).

3.7. Effect of Deter gents on Phospholipase D Activity

The effect of various ionic, anionic and zwittenio detergents oftreptomyces tendae
phospholipase D activity for was studied and trsilte were presented in Table 2. It was
found that with the supplementation of 1.5% detetgethe reaction medium increased
the enzyme activity from 1.8 to 2.7 fold under tbentrol condition (without any
detergent). The activity was inhibited in N-lundrsosine and SDS, which are anionic
detergents. The enzyme activity was significantijanced by 1.5% triton X -100 which

is non ionic detergent.

3.8. Effect of M etal Ions on Phospholipase D Activity

Various metal ions such as TaMg?*, Mn?*, C&*, Zrf*, Fé*, Cu* and KCI were used
to examine their effect on phospholipase D activiymong them, Cd was found to be
the most promising metal ion and showed maximunviaciat 2 mM concentration, as
presented in Table 3. When different concentratibG&™ ion was treated, the highest

enhancement of the enzyme activity was found abMRaoncentration (Fig.15).
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Table 1: Purification of phospholipase D fr@neptomyces tendae

Total Total Specific
Steps protein activity activity Purity  Yield
(mQ) (V) (U/mg) Fold (%)
Crude supernatant 199 948 4.8 1 100
Ammonium sulfate 84 742 8 1.7 78
Sepharose CL-6B 37.5 427 11 2.3 45
DEAE Sepharose 0.9 16 18 4 1.7
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Table 2: Effect of Detergents on phospholipadeobh Streptomyces tendae

Deter gent Typeof ion  Relativeactivity %
None 100
Triton X- 100 Non ionic 265
Tween 20 Non ionic 233
Tween 80 Non ionic 198
Polyoxyethylene-4-laurylether Non ionic 210
Deoxycholic acid Non ionic 216
N-laurylsarcosine Anionic 25
CHAPS Zwitter ionic 180
SDS Anionic 0

13



Table 3: Effect of metal ions on phospholipasednfStreptomyces tendae

Metal ions Relative activity %
None 3.5
CaCl, 100
MgSOy
MnSOy
CoSQ
CusSQ
FeSQ

nSq
KCI
EDTA

O OO o O N U B
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Figure 3: Colony morphology &reptomyces tendae
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Figure 10: Molecular weight determination of phospholipasey\C8S
PAGE

Lane 1 and 6: Protein size marker
Lane 2: Crude extract

Lane 3: Ammonium sulfate

Lane 4: Sepharose CL-6B

Lane 5: DEAE Sepharose CL-6B
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4. Conclusion

The production of Phospholipase D froBireptomyces tendae was highest in a medium
supplemented with 2% sucrose, 2% soybean, 0.05%,@a@ 0.1% CaC@at 28 °C and
160 rpm/min for 3 days. Ammonium sulfate precippita at 30-75% saturation,
Sepharose CL-6B and DEAE ion exchange column chimgraphy were used for the
purification of the phospholipase D enzyme, whiebulted in a 4-fold purification with
1.7 % vyield. Molecular mass of the phospholipased3 estimated to be 42.8 kDa. The
enzyme activity was optimal at pH 8.5 and 60 °CkeLmost conventional bacterial
phospholipases D, Triton X-100 and divalent catiGe2* were required for enhancing

the enzyme activity.
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