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Previously, three kinds of lipases, lipAD1, lipAD2, and lipAD3, and lipase chaperone, lipBD, of Acinetobacter 
schindleri DYL129 isolated from soil sample were reported. In this report, three lipase and lipase chap-
erone were cloned into the pET32a(+) or pGEX-6P-1 vectors for protein expression in Escherichia coli, 
and named as pETLAD1, pETLAD2, pETLAD3 and pETLBD or pGEXLAD1, pGEXLAD 2, pGEXLAD3 
and pGEXLBD, respectively. Protein expression rate was higher in pET system than in pGEX system. 
Although LipAD1 and LipAD2 were produced as inclusion bodies, their expression levels were high. 
So LipAD1 and LipAD2 could be solubilized in 8 M urea buffer and purified. LipAD3 and LipBD were 
overexpressed in soluble form and purified. Those proteins were purified by His-tag affinity chroma-
tography connected in AKTA prime system. The activities of the purified lipases were demonstrated 
with 1% tributyrin agar plate. After purification, molecular mass was determined with sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis. LipAD1 showed high activity toward ρ-nitrophenyl acetate 
and ρ-nitrophenyl butyrate, LipAD2 showed high activity toward ρ-nitrophenyl acetate and ρ-nitro-
phenyl myristate, and LipAD3 showed high activity toward ρ-nitrophenyl acetate, ρ-nitrophenyl buty-
rate, and ρ-nitrophenyl miristate, respectively. Three lipases, LipAD1, LipAD2, and LipAD3, showed 
optimal reaction at 50℃ using ρ-nitrophenyl butyrate, as substrate.  
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Introduction

Many microbial lipases are available as commercial prod-

ucts, and the majority of these enzymes are used in de-

tergents, cosmetics, organic synthesis, and as food flavoring 

agents [1]. Lipases are valued biocatalysts owing to advan-

tages such as their ability to display chemoselectivity, re-

gioselectivity, and stereoselectivity [6, 12]. Furthermore, 

these enzymes are readily available in large quantities, as 

many of these may be produced in high yields from micro-

organism such as fungi and bacteria [27]. The crystal struc-

tures of several lipases have been solved, facilitating the de-

sign of rational engineering strategies [1, 9]. Lipases do not 

usually require cofactors and do not catalyze side reactions; 

moreover, these enzymes act under extremely mild con-

ditions and are stable in organic solvents [1]. 

Acinetobacter is a strictly aerobic, gram-negative coccoba-

cillus that is ubiquitous in geographical distribution [29]. The 

genus is best known for its capacity for bioremediation of 

alkanes and aromatic hydrocarbons as well as for the pro-

duction of high molecular weight heteropolysaccharides, 

which may serve as powerful emulsifiers with high commer-

cial potential [8, 21]. These properties make lipases from 

Acinetobacter the most widely used biocatalysts in organic 

chemistry. So far, several Acinetobacter lipases have been suc-

cessfully cloned and expressed in heterologous hosts [2, 5, 

21, 24]. 

The expression of any foreign protein in prokaryotic sys-

tems is a common approach to achieve high-level expression 

in fundamental studies as well as for commercial purposes 

[23]. The fast growth rate and ease of cultivation of Eschericoli 

coli make this organism suitable for industrial application. 

However, gene expression is mainly performed with two 

main goals, i.e., to achieve high cell density and high-level 

gene expression [17]. The expression vector and host are im-

portant factors that determine the maximal expression of the 

cloned genes. However, molecular cloning of a foreign gene 

may not ensure its successful expression [15, 23]. The most 

difficult problems with bacterial expression are proteolytic 

degradation and production of proteins that accumulate in 

- Note -
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Table 1. PCR primers used for the expression of three lipases and the lipase chaperone 

Primer Sequence GC contents (%) Tm value (℃)

LipAD1
LipA1EF: 5' GTTGAATTCATGCGTACTTTCAACAAGACA 3'

LipAXR: 5' GCGTTACTCGAGTAAGCCCTGTAATTTGAG 3'

36.7

46.7

63.1

63.9

LipAD2
LipA2EF: 5' GCGGAATTCATGAGGATCATCCGGTTAAAA 3'

LipA2XR: 5' GCTCTCGAGTTATAAGCCTTGTAGTTTTAA 3'

43.3

36.7

68.1

58.4

LipAD3
LipA3ER: 5' GCAGAATTCATGTGTGGTTCAACTTCAGGA 3'

LipA3XR: 5' TATCTCGAGTCAAGGCATTGATTGCAGGCT 3'

43.3

46.7

66.5

68.6

LipBD
LipBXF: 5' GACCTCGAGATGCAGAAATATAAAATATGG 3'

LipBNR: 5' GCGGCCGCTTAATCTGCGAAGGGTAGCTT 3'

36.7

58.6

60.4

72.8

their misfolded forms as inclusion bodies [23]. 

In this study, histidine-tagged lipases, LipAD1, LipAD2, 

and LipAD3 from A. schindleri DYL129 were overexpressed 

in E. coli and purified with His-tag affinity chromatography. 

Materials and Methods

Expression vector and media

E. coli BL21 (DE3) was used as the host for the expression 

of lipases and lipase chaperone genes under the control of 

T7 promoter. For E. coli expression studies, pET-32a(+) 

(Novagen, Madison, WI, USA) was used. The pET-32a(+) 

vector carried six histidine and the trx gene was fused to 

facilitate purification after the process of protein expression. 

E. coli BL21 (trxB) transformants were cultured at 37℃ in 

2‘ YTA supplemented with 50 μg/ml of kanamycin. The me-

dium (g/l) used for expression comprised 16 g of yeast ex-

tract, 10 g of tryptone, and 5 g of sodium chloride (NaCl), 

while its pH was adjusted to 7.0. After autoclaving, ampi-

cillin was added at 100 μg/ml concentration. 

Amplification and subcloning of lipase and lipase 

chaperone genes

The open reading frame (ORF) of the lipase and lipase 

chaperone genes were amplified from the genomic DNA of 

A. schindleri DYL129 with Taq DNA polymerase using the 

following polymerase chain reaction (PCR) conditions: an in-

itial denaturation step at 95℃ for 5 min, 30 cycles at 95℃ 

for 1 min, annealing at 60-65℃ for 40 s, and extension at 

72℃ for 100 s [13]. The final extension was performed for 

10 min and preservation was carried out at 4℃. The primers 

used were designed as per the previous report, as indicated 

in Table 1 [10]. The amplified product was purified with 

a PCR purification kit (SolGent, Korea) and digested with 

EcoRI/XhoI. After digestion, the lipase and lipase chaperone 

genes were subcloned in pET-32a(+) or pGEX-6P-1 vectors 

digested with the same restriction enzymes. The eight re-

combinant plasmids were selected and named as pETLAD1- 

3 and pETLB or pGEXLAD1-3 and pGEXLB, respectively. 

Protein expression and solubilization 

E. coli BL21 (trxB) cells containing the recombinant plas-

mids were grown at 37℃ in 500 ml of 2‘ YTA up to an 

OD600nm value of 0.5-0.6. The culture was treated with 0.1 

mM isopropyl β-D-1-thiolgalactopyranoside (IPTG) and the 

incubation was continued at 37℃ for 4 hr. Cells were har-

vested by centrifugation at 6,000 rpm for 10 min and washed 

twice with buffer A (20 mM Tris-HCl [pH 7.4], 0.1 M NaCl, 

5% glycerol and 1% Triton X-100). The cells collected by cen-

trifugation were resuspended in buffer A and sonicated with 

a sonicator (SONICS & MATERIALS INC. DANBURY, CT, 

USA) for 30 s. The cell-free extract was centrifuged at 13,000 

rpm for 20 min to remove cell debris. For aggregated pro-

teins, the cell debris was washed once with buffer A and 

solubilized in buffer B (8 M urea, 0.1 M NaCl, 1 mM dithio-

threitol [DTT], 20 mM Tris-HCl [pH 7.4]) for 1 hr at room 

temperature. After solubilization, the samples were centri-

fuged for 10 min and the supernatants were collected. The 

protein concentration of enzyme preparations was de-

termined by Bradford method with bobine serum albumin 

as a standard. 

Protein purification

LipAD3 and LipBD were purified on a His-high trap col-

umn (Amersham-Pharmacia Biotech, Sweden). The cell-free 

extracts were loaded onto His-high trap column run by 

AKTA Prime. The column was washed with 30 ml of bind-

ing buffer (20 mM Tris-HCl [pH 7.4], 0.1 M NaCl, 5 mM 

imidazole) to remove the unbound proteins. Elution was 

performed with 30 ml of elution buffer (20 mM Tris-HCl 
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[pH 7.4], 0.1 M NaCl, 500 mM imidazole). Every 1 ml frac-

tion was collected and analyzed by 12% sodium dodecyl sul-

fate-polyacrylamide gel electrophoresis (SDS-PAGE). The 

purified sample was dialyzed and concentrated with 20 mM 

Tris-HCl (pH 7.4) buffer using Centricon (Amicon ultra, 

Millipore, cut-off size 10,000 Da). 

Inclusion body purification and refolding

For solubilization of proteins, LipAD1 and LipAD2 were 

loaded onto a His-high trap column. The column was wash-

ed with 30 ml of binding buffer (8 M urea, 20 mM Tris-HCl, 

0.1 M NaCl [pH7.4]) and eluted with 30 ml of elution buffer 

(8 M urea, 20 mM Tris-HCl, 0.1 M NaCl, 500 mM imidazole 

[pH 7.4]). After purification, the collected sample was di-

luted with buffer B and refolded using buffer C (2 M urea, 

20 mM Tris-HCl, 0.1 M NaCl, 1 mM DTT [pH 7.4]) at 4℃ 

for 2 days. The refolded sample was dialyzed with 20 mM 

Tris-HCl (pH 7.4) buffer at 4℃ for 2 days and concentrated. 

Electrophoresis 

We performed SDS-PAGE as described by Laemmli [11] 

using a 5% stacking gel and 12% resolving gel. A broad 

range of protein standards (ELPIS-BIOTECH, Daejeon, Korea) 

were used as molecular weight markers. The insoluble pellet 

was resuspended in 300 μl of Tris-HCl buffer (pH 7.4), and 

4× sample loading buffer was added. The mixture (8 μl) was 

boiled for 10 min and loaded onto a 12% polyacrylamide 

gel (Fig. 3A). 

Characterization of enzyme activity

After protein separation, the characteristics of lipases (2 

μg), with lipase chaperone (2 μg) for refolding, were de-

termined. The release of ρ-nitrophenyl (ρ-NP) from ρ-NP de-

rivative substrates was measured as described. A total of 

0.025 M ρ-NP butyrate was dissolved in 99% ethanol and 

mixed with 20 mM Tris-HCl buffer (pH 7.4). After in-

cubation at 50℃ for 30 min, the lipase activity was measured 

by monitoring the absorbance at 420 nm that indicated the 

amount of released ρ-NP. One unit of activity was defined 

as the amount of enzyme that released 1 μmol of ρ-NP per 

minute under the assay conditions. 

Results and Discussion

Subcloning of the three lipases and a lipase chaperone 

The nucleotide sequences of the four fragments (LipAD1- 

3 and LipBD) were obtained with primers (Table 1) from 

the genomic DNA of A. schindleri DYL129 and cloned into 

the expression vector pET-32a(+) after digestion with EcoRI 

and XhoI. The primers were designed specific to the 5‘ and 

3‘ region of the ORFs 1-4. The recombinant plasmids with 

LipAD1-3 and LipBD were named pETLAD1-3 and pETLB, 

respectively, and transformed into E. coli BL21 (trxB). The 

overexpression of the lipase genes was confirmed by analyz-

ing the total proteins from the non-induced and IPTG-in-

duced cells on the SDS-PAGE gel (data not shown).

Protein expression of three lipases 

A. schindleri DYL129 lipase and lipase chaperone genes 

were expressed as fusion proteins in E. coli. A good combina-

tion of expression system and host is necessary to obtain 

high-level expression. E. coli is an organism widely used for 

the overproduction of recombinant proteins. However, in 

spite of the extensive knowledge about the genetics and mo-

lecular biology of E. coli, not every gene may be effectively 

expressed in this organism. In general, high-level gene ex-

pression may be achieved (up to 50% of the total cell protein) 

through gene manipulation and appropriate choice of the 

vector-host combination and IPTG concentration. The pET 

[7, 16, 19, 31] and pGEX [4, 13, 14, 18, 26] vector systems 

have been extensively used for the protein overexpression 

in E. coli. In this study, LipAD1 was expressed with pET 

and pGEX under the regulation of T7 and tac promoter, 

respectively. These systems allow regulation of the expression 

of the gene of interest under the control of different pro-

moters to achieve high-level expression in response to chem-

ical induction. We compared these two vector systems and 

chose the one that showed higher levels of lipase expression. 

The plasmids pGEXLAD1 and pETLAD1 were expressed for 

4 hr at 37℃ in E. coli BL21 (trxB) after induction with 0.1 

mM IPTG at an OD600nm value of 0.5-0.6. We confirmed the 

expression level using a 12% SDS-PAGE gel after loading 

equal amounts of total proteins (30 μg) into the gel. LipAD1 

expression was greatly increased with both the expression 

systems, but the expression level observed with pET system 

(32 μg/μl) was around 1.5-fold higher than that reported 

with pGEX system (22 μg/ μl) under same conditions. Based 

on this result, we tested the effect of IPTG concentration on 

protein expression (data not shown). Each LipAD1 fusion 

protein was induced with different concentrations of IPTG 

(0.01 and 0.03 mM). In the presence of 0.01 mM IPTG, the 

expression was higher with pETLAD1 than with pGEXLAD1, 
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 M   1   2    3   4   5   6    7   8

 M   1   2    3   4   5   6    7   8

A

B

Fig. 1. Overexpression of LipAD1 and LipAD2. A) M, size mark-

er (100, 70, 50, 40, 30, 20, 15 kDa); 1-4 insoluble proteins 

(1: NIP pET, 2: IP pET, 3: NIP His-LipAD1, 4: IP 

His-LipAD1); 5-8 soluble proteins (5: NI pET, 6: I pET, 

7: NI His-LipAD1, 8: I LipAD2), B) M, size marker; 1-4 

soluble proteins (1: NI pET, 2: I pET, 3: NI His-LipAD2, 

4: I His-LipAD2); 5-8 insoluble proteins (5: NIP pET, 6: 

IP pET, 7: NIP His-LipAD2, 8: IP His-LipAD2). Arrow 

indicates expressed protein (about 56 kDa) NIP: unin-

duced protein pellet, IP: induced protein pellet, NI: unin-

duced protein, I: induced protein.

 M   1   2    3   4   5   6    7   8

 M   1   2    3   4   5   6    7   8A

B

Fig. 2. Expression of LipAD3 and LipBD. A) The soluble pro-

teins were loaded onto a 12% polyacrylamide gel. M: 

size marker; 1: NI pET; 2: I pET; 3: NI His-LipAD3; 4, 

5: I His-LipAD3; 6: NI LipBD; 7, 8: IP His- LipBD. B) 

Insoluble proteins. M: size marker; 1: NIP pET; 2: IP pET; 

3: NIP His-LipAD3; 4, 5: IP His-LipAD3; 6: NIP His- 

LipBD; 7, 8: IP His- LipBD. Arrow indicates expressed 

proteins (about 36 and 57 kDa, respectively). NIP: unin-

duced protein pellet, IP: induced protein pellet, NI: 

uninduced protein, I: induced protein.

while opposite effects were observed with 0.03 mM IPTG. 

Hence, we chose the pET vector system, and pETLAD1 was 

overexpressed for further purification process. 

Purification of three lipases and the lipase chaperone

The lysates from the induced and non-induced bacteria 

and control bacterium (vector only) were analyzed by SDS- 

PAGE (Fig. 1). Fig. 1 shows two bands about 56 kDa in size 

(Fig. 1A: lane 4, LipAD1; Fig. 1B: lane 8, LipAD2) corre-

sponding to the His-lipase fusion protein. LipAD1 and 

LipAD2 were expressed only as inclusion bodies. The over-

expressed LipAD3 and LipBD proteins were observed in Fig. 

2A (lane 4 and 5, LipAD3; lane2, 7, and 8, LipBD as soluble 

protein). LipAD3 and LipBD were not only expressed in the 

soluble form but also as inclusion bodies. Fig. 2B, lanes 4, 

5, 7, and 8 show inclusion bodies of LipAD3 and LipBD. 

The size of LipAD3 and LipBD was about 36 and 57 kDa, 

respectively. The inclusion bodies are solublized using high 

concentration of urea [25]. No protein band was detected 

at same positions in the induced and non-induced control 

(vector only). These observations confirm the expression of 

the lipase gene. After expression, the fusion proteins were 

purified by affinity chromatography (Table 2) and analyzed 

by SDS-PAGE (Fig. 3A). The activity of the purified enzyme 

was measured with a plate assay, wherein the enzyme was 

added (20 μl) and the reaction was performed at 37℃ for 

12 hr. Fig. 3B shows a yellow clear zone, indicative of the 

released fatty acids. 

Substrate specificity of lipases

The substrate specificity of LipAD1-3 was examined using 

various fatty acid esters of ρ-NP and the activity was meas-

ured after 30 min at 37℃. The enzymes showed activity to-
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Table 2. Purification of lipases from Acinetobacter schindleri DYL129  

Total protein  (mg) Activity (unita) Total activity (U) Specific activity (U/mg)

LipAD1

LipAD2

LipAD3

3.25

4.2

2.6

133.19

137.65

 98.31

0.0244

0.0305

0.0268

0.0075

0.0072

0.0102
aOne unit of enzyme activity catalyzes the production of 1μmol of ρ-NP per min. 

A B

Fig. 3. The three lipases were purified by affinity chromatog-

raphy. A) SDS-PAGE analysis of the samples of purified 

lipases and lipase chaperone. Samples were resolved on 

12% polyacrylamide gel and stained with Coomassie blue 

R-250. Lane 1: molecular size markers (100, 70, 50, 40, 30, 

20, 15 kDa); lane 2: N His- LipBD; lane 3: P His- LipBD, 57 

kDa; lane 4: native His-LipAD1; lane 5: P His-LipAD1, 

56 kDa; lane 6: N His-LipAD2; lane 7: P His-LipAD2, 

56 kDa; lane 8: N His-LipAD3; lane 9: P His-LipAD3, 

34 kDa (N: native protein, P: purified protein). B) Activity 

test for the purified and dialyzed lipases. The enzyme 

activities of fractions 6-9 were tested with 1% tributyrin 

agar plate containing 0.01% phenol red. The yellow color 

indicates the released fatty acids from tributyrin.

Fig. 4. Substrate specificity of His-LipAD1, His-LipAD2, and 

His-LipAD3. Acyl chain length specificity of purified li-

pases was determined from their activities toward vari-

ous esters of ρ-NP (0.5 mM). Percentages shown are rel-

ative to maximum activity.

Fig. 5. Effect of temperature on the activity of lipases. The en-

zyme was incubated in 20 mM Tris-HCl buffer (pH 7.4) 

for 30 min at various temperatures. The activity was de-

termined using ρ-NP butyrate as substrate. The value 

obtained for His-LipAD2 at 50℃ was considered as 

100%. 

ward a broad range of acyl chain lengths (Fig. 4). LipAD1, 

LipAD2, and LipAD3 showed maximum activity toward C2, 

C4, and C14. In particular, LipAD2 showed a strong activity 

toward C14 and was thought to attack C2 and C14. 

Acinetobacter sp. RAG-1 was shown to exhibit maximum ac-

tivity toward medium-length fatty acid esters (C6-C8). 

Lipases and esterases share common substrate specificities 

[28]. However, unlike esterases, lipases often demonstrate 

interfacial activation, i.e., a marked increase in activity upon 

the formation of a lipid-water interface [22]. Therefore, lipase 

substrates are typically long-chain (≥ C10) fatty acid esters 

available in the micellar form [30]. The properties of 

LipAD1-3 reported herein are slightly different, and the 

three enzymes had different substrate activities. The differ-

ent substrate specificities of each enzyme are thought to help 

break down the various types of hydrocarbon chains present 

in the environment [5].  

Temperature effects on lipases 

The optimum reaction temperature for LipAD1-3 activity 

toward ρ-NP butyrate was 50℃ (Fig. 5). At this temperature, 

LipAD1-3 showed about three fold increase in activity com-

pared with that observed at 37℃. The optimal reaction tem-

perature reported in the present study was similar to that 
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reported for many bacterial lipases under similar ex-

perimental conditions. Activity at high temperature is a use-

ful characteristic for lipases used in detergent formulations 

and biotransformation. Many bacterial lipolytic enzymes 

showed the highest activity at around 50℃. For example, 

the lipase from Ralstonia sp. showed optimal activity at 50-55 

℃ [32], the alkaline lipase from Serratia sp. W3 showed its 

maximal activity at 55℃ [3], and the halophilic lipase from 

Marinobacter litoralis SW-45 showed optimal activity at 50℃ 

[20].  
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록：Acinetobacter schindleri DYL129 유래의 3개 lipases와 chaperone의 발 과 정제

김선희†․이용석†․정해린․편효민․유주순․최용락*

(동아대학교 생명자원과학대학 생명공학과)

기존 연구를 통하여 토양에서 분리한 Acinetobacter schindleri DYL129로부터 3개의 lipase 유전자(lipAD1, lipAD2

와 lipAD3)들과 1개의 chaperone (lipBD) 유전자를 보고하였다. 본 연구에서는 각 유전자들의 발현을 위해서 

pET32a(+)와 pGEX-6P-1 벡터에 클로닝하여 각각을 pETLAD1-3와 pETLBD 또는 pGEXLAD1-3와 pGEXLB로 명

명하였으며, 단백질의 발현량은 pET 시스템을 사용할 때 1.5 배 정도 향상됨을 확인하였다. LipAD1과 LipAD2는 

inclusion body 형태로 발현이 되었으며, LipAD3과 LipBD는 soluble type으로도 발현되었다. Inclusion body 형

태의 LipAD1과 LipAD2는 고농도의 우레아를 처리하여 refolding 시켰다. LipAD1은 C4와 C2를, LipAD2는 C2와 

C14를 그리고 lipAD3은 C2, C4와 C14를 기질로 잘 이용하는 것을 확인하였다. 그리고 모든 효소들은 50℃에서 

최적 활성을 나타내었다.  
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