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ABSTRACT

A study was made of the partition and purificatioihrecombinant neutral protease (NPRC10) from auwsel
supernatant of E. coli BL21 (DE3) in the polyetmdalycol (PEG)/potassium phosphate aqueous twegha
systems. Factors that influenced the partition dfe tenzyme in these systems, including the PEG
molecular weight and concentration, potassium phagp concentration, incubation time and temperatared pH
were investigated. The optimum condition of thenary aqueous two-phase extraction was 35% PEG 8000/
potassium phosphate (pH 6.5) af@dor 25 min. The partitioning coefficient for peaise (Koteasd Was 4.69 with a
partitioning yield (Y) of 94.93%, a purificationléb(PF) of 1.7, and protease specific activity (Sése ) of 694.61
unit/mg protein in top phase. The protease, whials woncentrated in the top phase, was further mitid 35%
potassium phosphate in combination with 3% potassihloride at room temperature to elute the botgmase
(salt-rich phase). Using this step, the PF of erewthieved a higher value of 2.38 with a recovégidyof 76.17%
and SAyotease s0f 983.04 unit/mg protein.

Keywords: Aqueous two-phase system, neutral protease, NPR@d@ethylene glycol, potassium phosphate,
purification

INTRODUCTION

An aqueous two-phase system (ATPS) or aqueous digplgstem is obtained either by mixture of aquesmistion

of two polymers, or a polymer and a salt. The farmecomprised of polyethylene glycol (PEG) andypadrs like

dextran, the latter is composed of PEG and phospbiasulfate salts. The polymer-salt system resaltsigher

selectivity in protein partitioning, leading to @mriched product with high yields in the first exdtion step.
Aqueous two-phase systems have been successfelllyfas the separation and purification of protdiesause of
their advantages compare with the traditional mgghdhese systems have good resolution, low matesd, high

yield, less energy consumption, and less procassit, 2].

Several results on partitioning of protease indifferent ATPSs were reported such as PEG/ammosiulfate [3];
PEG/potassium phosphate [4]; PEG/dextran, PEG/giotas phosphate, PEG/sodium citrate, PEG/magnesium
sulfate, and PEG/sodium dihydrogen phosphate [HG/Monosodium phosphate and sodium chloride [6];
PEG/ammonium sulfate [7]; PEG/sodium citrate [&fG?potassium phosphate [9]...

In this work, we describe the partitioning featuoéseutral protease (NPRC10) in PEG/potassium itate ATPS
in order to improve purification yield of enzymeifn recombinank. colistrain BL21 (DE3).
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MATERIALS AND METHODS

Chemicals

Polyethylene glycol 2000, 6000 and 10000 were msed from Sigma (USA). Mono- and dibasic potassium
phosphate (kHPO, and KH,PQO,) were supplied by Nacalai (Japan). All the othegmicals used were of analytical
grade.

Bacterial strain and plasmid

E. coli strain BL21 (DES3) (Invitrogen) harboring expressicector pET200/D-TOPO was used in this study. The
plasmid pET200/D-TOPO contaimprC10 gene (accession No. FJ822054) encoding eXubreheutral protease
(NPRC10) of 42 kDa under the control of T7 promoldrenprC10 gene contains the signal peptide-like sequence
from nucleotides 161 to 250 and the mature peEdgience from nucleotides 824 to 1723 [10].

Cultures and enzyme production

The initial culture was grown in 250-mL Erlenmayiasks containing 50 mL of LB medium supplementath\s0
mg/L kanamycin. The flasks were incubated &(C3@n rotation shaker at a speed of 200 rpm forright to obtain
an OQyyvalue of 2.2.

The biomass production was done in 250-mL Erlenmégsks with 50 mL medium. The culture was growrthie
light modified HSG medium (3% glycerol, 0.7% yeasttract, 1.35% tryptone, 0.014% MgSB,0, 0.15%
KH,PQ,, 0.23% KHPQ,, 0.5% glycine and 1.5% soluble starch) atG7200 rpm rotation speed, and 0.5% (v/v)
inoculum size of initial culture for 24 hours.

For enzyme production, a 14-L fermenter (BioFlo ,1M@w Brunswick Scientific, Edison, USA) with 10df the
biomass production medium was used. Lactose dirtaeconcentration of 0.5% was added into theweltwhen
the Oy reached at value of 2 to induce enzyme produatd@C. The pH was controlled to 7 by addition of 3 N
NaOH solution. 0.1% antifoam solution (Sigma-AldiicSt. Louis, MO) was added as needed. The ferrienta
was done at 4 L/min aeration rate, 500 rpm agitagipeed, and 1% (v/v) inoculum size.

Protease activity assay

Protease activity was determined by modified pracedased on the method of Anson [11] using caasithe
substrate. One-milliliter of the supernatant wagediwith 2 mL of 2% (w/v) casein in 50 mM Tris.HRUffer (pH
7). The reaction was incubated afG@or 15 min, subsequent to 5 mL of 5% (w/v) trimtulacetic acid was added
into the solution to terminate the reaction. Thieitson was incubated at room temperature for 20 tmiprecipitate
the residue substrate. The tyrosine concentrafitieosupernatant was determined at the 750 nm lemgth by the
spectrophotometer (SmartSpecTM Plus, Bio-Rad, USXe unit of protease activity is defined as theoam of
enzyme required to released tyrosine per 1 mL per min under the standardyassadition.

Total protein concentration was determined by thethod of Bradford [12] using bovine serum albumi e
standard. The sample was read at wave length of8®5against the blank. The protease specific dgtig
expressed as units of enzyme per milligrams of fotateins.

Preparation of aqueous two-phase systems

The ATPS was created by using the required amoohtBEG and potassium phosphate to achieve different
concentrations with final volumes of 10 mL (Table Eour milliliters of the supernatant froe coli culture was
added to the ATPS. The pH of the ATPS was adjusyeasing the appropriate ratio of mono- and dibasi@ssium
phosphate. Centrifugation at 2000 rpm for 10 minoam temperature was done to speed up phase sepaifiehe
phase volume ratios were determined in graduatettiteye tubes (15-mL Falcon tube). Samples fromtthp and
bottom phases were then assayed for proteasetpetnd total protein concentration.

The protease partitioning coefficier{.asy Was defined as the ratio of protease specifiviictin the top and

bottom phases. The volume rath) (was the ratio of the volume in the top phagg (o the volume in the bottom
phase Vg). The partitioning yield of protease (%) in the fghasey, is given by the following equation [13]:

100

T ()
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Purification by aqueous two-phase extraction and hek extraction

The purification process of protease by the ATP&oise by the method of Cho et al [14] with lightdifacation. In
the primary extraction, protease was selectivelyitimed to the PEG-rich top phase. In the badkagtion, fresh
potassium phosphate (30-40%, w/w) and potassiuoridel (3-9%, w/w) were added to the PEG-rich topgghof
the primary extraction. Centrifugation at 2000 rfan10 min at room temperature was performed t@dpg phase
separation. Sample from the bottom phase was didlyt 4C for 20 h and then freeze-dried to obtain purified
protease.

SDS-PAGE analysis

Sodium dodecyl sulfate-polyacrylamide gel electamgisis (SDS-PAGE) was run afG4 by using a Mini-
PROTEAN Il system (Bio-Rad), 12% polyacrylamidd,gnd 0.1% casein as a substrate. The gel wasstraen
gently at room temperature for 30 min in 2.5% Trid$-100 to remove SDS. The gel slab was transfetoeai bath
containing 0.05 M Tris.HCI buffer (pH 6.7) and im@aied at 37°C for 3 h to hydrolyze casein. The galse then
fixed and stained in Coomassie Brillant Blue R2&ifq the image was analyzed by Quality One softaee4.1,
Bio-Rad).

Statistical analysis
All experiments were repeated thrice. The data vee@yzed in terms of means followed by Duncan&t teith
p<0.05

RESULTS AND DISCUSSION

Culture and protease production

A batch culture oE. coliBL21 (DE3) was done in 14-L fermenter for the eséltular protease production. Figure
1 displayed a typical growth curve based on thedaf the cell density. The cell biomass increaseatioaously
from the start to 40 h of culture, with final @fgvalue of about 6.5. It was found that the maximunoduction of
protease was also obtained after 40 h of batchefetation at aeration rate of 4 L/min, agitationexpef 500 rpm
and inoculum size of 1%. The highest total activity protease during the course of present studias w
approximately 103 unit/mL. For the partitioning eximents, we used the culture broth of 40 h foegtigation.

Influences of some factors on partition behavior oprotease in PEG/potassium phosphate ATPSs

In the present work, in order to select the ATP®lnich the protease and others concentrate in depaisases, the
partition behavior was studied using systems caosimmia stock solution of protease from recombirarntoli. The
influences of some factors on the partition weresgtigated and protease shown high relative affiioit the PEG-
rich phase.

As shown in table 2, protease in the nearly ATR8®entrated in top phase with thg geaseranging from 1.06 to
5.04. The PEG, potassium phosphate, incubation &ingk temperature, and pH affected on the partitgprof
protease significantly. ThEpeaser€mained at lowest value of 0.77 in 40% PEG200&/3btassium phosphate
system at pH 7 and room temperature with incubdtioe of 30 min. Whereas th§,qeascf€ached its highest value
of 5.04 in 35% PEG6000/30% potassium phosphatersyat pH 6.5 and temperature of@with incubation time
of 25 min.

The partitioning yield of protease depends on tammetersVg/Vr andKpoease IN Most of the ATPSs investigated,
protease partitioned more towards the top phKgghs=1), and the volume value¥y, were usually large. 35%
PEG6000/30% potassium phosphate system yieldsitfeedt protease (94.93%) with partitioning coeéfiti of
4.69 and volume ratio/j of 13. The protease specific activity and pusfion fold of top phase increased up 694.61
unit/mg protein and 1.7 in the same system, resmdgti(Table 2).

Banik and Prakash [5] used 13.71% PEG4000/12.12%spiom phosphate system to purify alkaline pretdamsn
B. cereusMTCC 3105. The results shown that enzyme actigityfop phase reached a highest value of 708.56
unit/mL with a partitioning coefficient of 4.35 aredvolume ratio of 1.28. Wongmongkol and Pricharjdhfound
the most suitable ATPS compositions for partitidralikaline protease frorB. subtilisNS99 were 18% PEG1000
(w/w), 13.01% potassium phosphate (w/w) under pb, @&mperature of 3022, and without NaCl addition.
Partitioning coefficient and yield obtained were 20d 95.1%, respectively. A study was carriedbyuPeréin et al
[6] for the partition and purification of aspergillogap I, an acid protease, froAspergillus niger Purification of
protease was attained with a purification factoF)(lBf over 5 and partitioning yield of over 99% an17.3%
PEG4000 (w/w)/15% NajPO, (w/w) and 8.75% NaCl (w/w) system. Sarangi et8l ghown that for efficient
separation of alkaline proteases from chicken tmesan ATPS of 15% PEG6000 and 15% sodium citiatéal
protein concentration of 1-1.5 mg/mL in the systantemperature of 20°C, with a pH of 8-9 was maiitable.
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Aqueous two-phase back extraction

As the PEG-protease mixture in the top phase waslarto separate from each other, the utilizatiod further
purification of the protease extracted in the tbpge was difficult. After the aqueous two-phaseaexion (primary
extraction), different methods such as ultrafilbator chromatography were used to remove the RBf@ the top
phase and to purify the enzyme. However, the battaetion by the ATPS has been known to be the most
favorable method. It could facilitate further tneint of protease since protease is separated frerREG-rich top
phase [14]. In this work, protease was efficieqilyified from the top phase when the top phase mixed with
35% potassium phosphate buffer and 3% potassiuoridal The purification fold increased to 2.38 amcific
activity of protease reached 983.04 unit/mg protsirthe back extraction step (Table 3). Table 4rsanees the
overall purification folds and recovery yields abfease during the present agueous two-phase sepgreocess.
In a previous report, we investigated the aqueauspghaséback extraction ofi-amylase fronB. subtilisC10 in the
PEG/potassium phosphate system, shown that theaserof the purification fold (3.56) with a recoyesld of
59.37% [15]. The high purification fold of enzymeggests that this method may be more cost-effettiaa the
other conventional means. Furthermore, industries sérongly urged to consider application of an STB
purifying biological materials.

Table 1. Concentrations of the phase-forming PEG/gassium phosphate in the aqueous two-phase systems

. . PEG (%) . o
System designation MW 2000 MW 6000 MW 10000 Potassium phosphate (%)
P1 45 - 25
P2 50 25
P3 45 30
P4 50 - 30
P5 - 35 25
P6 - 40 25
P7 - 35 30
P8 - 40 - 30
P9 - - 25 25
P10 - - 30 25
P11 - - 25 30
P12 - - 30 30

MW: molecular weight

Table 2. Effect of some factors oV, Kpowease Yproeasa SAprotease TaNd purification fold in primary extraction

Factors Vv Koroteas  Yproteasd%0)  SApraeasr (Unit/mg)  Purification fold
PEG (MW)

2000 083 0.77 24.79 153.93 0.37

6000 144 1.2 45.83 251.9%8 0.6F

10000 056 1.06 36.69 205.47 0.5¢

Incubation time (min)
20 115  0.9% 37.34 204.5¢ 0.50
25 112 1.69 55.17 332.8% 0.8F
30 115  1.5% 50.86 299.5¢ 0.73
Temperature®C)
20 226 1.9% 64.7% 405.02 0.98
25 211  2.09 65.0% 409.47 0.99
30 250 2.48 68.85" 49453 1.20
35 268 2.3b 70.79 450.34 1.09
PEG (%)
30 - - - - -
35 367 4.15 84.69 517.94 1.26
40 3.00 3.48 79.39¢ 430.66° 1.04¢
45 324 243 80.58 454.98 1.0°
Potassium phosphate (%)

20 367 3.33 77.79 490.36 1.19
25 460 3.77 81.10 537.94 1.30
30 509 4.01 87.27 613.67 1.49
pH
6.0 3.67 5.04 93.57 674.68 1.64
6.5 13.00 4.69 94.93 694.67 1.7G
7.0 338 3.89 83.84 571.29° 1.39*

Different letters in the column for each factorirate significantly different means using Duncae'st (p<0.05). Spvtease T SPeCific activity of
protease in top phase.

Substrate-SDS-PAGE of protease

The protease activity was also confirmed by SDS-EBAW#h casein as a substrate. A protease bandylearurred
in the dark colored gel after staining. The molacweight of purified enzyme was found to be apprately 42
kDa (Fig 2).
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Table 3. Effect of some factors on ¥, Kprotease Yprotease SPprorease s@Nd purification fold in back extraction

Factors IV Kooteas  Yproteas{%)  SAprotease (Unit/mg)  Purification fold
Potassium phosphate (%)
30 203 6.97 69.17 764.85 1.86
35 257 6.0% 76.29 974.32 2.36
40 3.00 5.61 64.36 838.87 2.0%
Potassium chloride (%)
3.00 7.62 71.72 983.04 2.38
6 3.00 5.1% 63.13 863.66 2.04
9 1.86 4.6% 60.83 772.12 187

SAotease 8 SPeCific activity of protease in bottom phase.

Table 4. Summary of purification of protease fromk. coli

Steps Total activity (unitYmL)  Specific activityrfitymg)  Purification fold Recovery yield (%)
Culture filtrate 103.25 440.44 1 100
Primary extraction 83.35 694.61 1.70 80.73
Back extraction 78.64 983.04 2.38 76.17
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Figure 1. Profile on the growth and protease produion of recombinant E. coli BL21 (DE3) in batch culture
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Figure 2. SDS-PAGE (12%) with 0.1% casein. Lanes: W-protein weight markers (97-14.4 kDa), NPRC10-recabinant neutral
protease sample purified by back extraction.
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CONCLUSION

In the present study, we have found an optimal AT386 PEG6000/30% potassium phosphate) and an e
back-extraction procedure for purification procedsprotease NPRC10 from recombindat coli strain BL21
(DE3).
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