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Intro duc tion

Lipo lytic enzymes are impor tant bio cata lysts for var i ous 

 indus trial appli ca tions due to some impor tant fea tures like 

no require ments for cofac tors, remark able sta bil ity in organic 

 sol vents, broad  sub strate spec i fic ity, regio- and ste reo-selec tiv-

ity. In the past few years, an increas ing atten tion has been drawn 

to potential appli ca tions of cold-adapted lipo lytic enzymes from 

micro or gan isms pop u lat ing  per ma nently cold envi ron ments [1–

3]. These enzymes dis play attrac tive prop er ties for some indus trial 

pur poses like the high cat a lytic activ ity at low tem per a ture and 

low ther mo sta bil ity. Recently, we described a novel cold-adapted 

ester ase (EstA) from a psy chro troph ic bac te rium Pseud oal te ro

mon as sp. strain 643A [4] belong ing to GDSL fam ily of ser ine ester-

ases/lipases, which can be fur ther clas si fied to a sub group of this 

fam ily, i.e. SGNH-hydro lases due to the pres ence of four strictly 

con served res i dues Ser, Gly, Asn and His in four blocks (I, II, III, 

and V, respec tively) of con served sequences [5,6]. The sub class of 

GDSL ester ases and lipases is char ac ter ized by a broad sub strate 

spec i fic ity and regio-spec i fic ity, so these enzymes can be used in 

syn the sis and hydro ly sis reac tions in many branches of indus try. 

We have iso lated and sequenced the gene of Pseudo alt er mon as 

sp. 643A ester ase and char ac ter ized the puri fied enzyme from 

the native source. The yield of this ester ase syn the sis by Pseudo

alt er mon as sp. 643A was very low and its het er ol o gous over ex-

pres sion in Esch e richia coli cells resulted in for ma tion of inclu sion 

bodies deprived of the cat a lytic activ ity. To obtain larger amounts 

of active ester ase EstA we decided to con struct a new E. coli 

expres sion sys tem. Upstream the Pseudo alt er mon as sp. 643A estA 

gene we iden ti fied ORFs which prob a bly encoded com po nents 

of ABC trans port sys tem [4]. Some ABC export ers are known 

to take part in secre tion of lipo lytic enzymes such as lipases of  

Pseu do mo nas aeru gin osa, Pseu do mo nas flu o res cens and Ser ra tia 

mar ces cens [7–10]. Pro tein secre tion using ABC export ers is one of  

five types of pro tein trans port across two mem branes of Gram-neg-

a tive bac te ria [11]. It is one of the larg est para lo gous pro tein fam-

i lies about 5% of the E. coli genome encodes com po nents of ABC  

trans port ers [12]. The typ i cal ABC trans porter (ATP-bind ing 
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Recently we described iden ti fi ca tion and char ac ter iza tion of GDSL ester ase EstA from psy chro troph ic 

 bac te rium Pseud oal te ro mon as sp. 643A. Attempts to obtain het er ol o gous over ex pres sion of this enzyme 

in Esch e richia coli sys tem were not sat is fac tory. The EstA pro tein was expressed as inclu sion bodies, 

most of that were inac tive after puri fi ca tion step, and the recov ery of est er o lyt ic activ ity was very low 

after refold ing. Based on the sequence anal y sis we found that the ester ase EstA gene is clus tered with 

three genes encod ing com po nents of ABC trans port sys tem. These genes, des ig nated abc1, abc2, and 

abc3 encode an ATP-bind ing pro tein (ABC1) and two per me ase pro teins (ABC2 and ABC3). In pres ent 

study, to obtain larger amounts of the active cold-adapted EstA ester ase from Pseud oal te ro mon as sp. 

643A, we designed a two-plas mid E. coli expres sion sys tem where the gene encod ing EstA enzyme was 

cloned into pET30b(+) expres sion vec tor and three genes encod ing com po nents of ABC trans port sys-

tem were cloned into pA CYC-pBAD vec tor. It was shown that the cre ated expres sion sys tem was use ful 

for extra cel lu lar pro duc tion of active EstA enzyme which was puri fied from the cul ture medium. In 

the pres ence of all the three trans porter pro teins the secre tion of EstA was at the high est level. When 

one or two of these com po nents were miss ing, EstA secre tion was also pos si ble, but not so effec tive. 

It indi cates that ABC2 and ABC3 pro teins of Pseud oal te ro mon as sp. 643A could be replaced with their 

homol o gous pro teins of E. coli.

© 2008 Elsevier Inc. All rights reserved.

Key words: 

Secre tion

ATP bind ing cas sette trans porter

Ester ase

Cold-adapted enzyme

 * Cor re spond ing author. Fax: +48 58 3472694.

Email address: kur@chem.pg.gda.pl (J. Kur).

http://www.sciencedirect.com/science/journal/10465928
http://www.elsevier.com/locate/yprep
mailto:kur@chem.pg.gda.pl 


180 A. Diugoidcka et al. / Protein Expression and Purification 62 (2008) 179–184

 cas sette, ABC-ATP ase) con sists of two trans mem brane domains 

(TMDs)1, and two nucle o tide-bind ing domains (NBDs), encoded 

as sep a rate  poly pep tides or fused into mul ti do main poly pep tides 

[13,14]. ABC trans porter TMDs are hydro pho bic and span the mem-

brane sev eral times via pre dicted a-heli cal motifs. Hydro philic 

ATP-bind ing domains (NBDs) con tain Walker A and B motifs, 

linker pep tide LSGGQQ, heli cal domain, and switch region [15,16]. 

The func tional unit of an ABC trans porter is a mono mer of four 

core domains, but some addi tional pro teins or domains might be 

required [17]. The trans port cycle is ini ti ated by the inter ac tion of 

sub strate with a spe cific bind ing site(s) on the TMDs. It induces 

con for ma tional changes in the TMDs, which is trans mit ted to the 

NBDs to ini ti ate ATP bind ing. After ATP hydro ly sis and ADP/Pi 

releas ing the trans porter can start the next cycle [18–20]. ABC 

trans porter is gen er ally spe cific for its own par tic u lar sub strate(s) 

or a group of chem i cally related sub strates. How ever, some of 

them are multi-spe cific e.g. might have a broad spec i fic ity for 

hydro pho bic com pounds [20]. The ABC-ATP ase is asso ci ated with 

two aux il iary pro teins: a mem brane fusion pro tein (MFP) and an 

outer mem brane pro tein (OMP) [21,22]. ABC export ers of gram-

neg a tive bac te ria are usu ally encoded by genes linked to the struc-

tural gene for the extra cel lu lar secre tory pro tein [23,24].

In this study, we endeav ored to pro duce the active EstA enzyme 

to the cul ture medium via the type I secre tion path way. The enzyme 

was then puri fied by ammo nium sul fate pre cip i ta tion fol lowed by 

dial y sis step. The effect of Pseudo alt er mon as sp. 643A ABC trans-

port sys tem com po nents on Pseud oal te ro mon as sp. 643A ester ase 

EstA expres sion and secre tion are shown.

Mate ri als and meth ods

Bac te rial strains, plas mids, growth con di tions

Esch e richia coli TOP10F’ (Invit ro gen) and BL21(DE3) (Nova gen) 

were used as host strains for DNA manip u la tion and gene expres-

sion, respec tively. Plas mid pUC19 (Invit ro gen) was used for sub-

clon ing, and pET30b(+) (Nova gen) and pA CYC-pBAD [25] were 

used as expres sion vec tors. Plas mid pLipo1 [4] was used for PCR 

ampli fi ca tions of abc1, abc2, and abc3 genes. pET22b-GDSL-643A 

[4] was used for estA gene clon ing.

The E. coli strain was grown on LB medium (Sam brook and 

 Rus sel 2001), sup ple mented with ampi cil lin (100 lg ml¡1) and/or 

kana my cin (50 lg ml¡1). Arab i nose (Sigma) and IPTG (Sigma) were 

used as expres sion induc ers.

 1 Abbre vi a tions used: ABC, ATP-bind ing cas sette; EstA, cold-adapted ester ase of 

Pseudoalteromonas sp.643A; TMDs, trans mem brane domains; NBDs, nucle o tide-

bind ing domains; NBDs, hydro philic ATP-bind ing domains; MFP, mem brane fusion 

pro tein; OMP, outer mem brane pro tein; SDS–PAGE, sodium dode cyl sul phate–poly-

acryl amide gel elec tro pho re sis; BLAST, basic local align ment search tool; IPTG, 

iso pro pyl-b-d-thio ga lac to py ra no side; ORF, open read ings frames; ApR, ampi cil lin 

resis tance gene; KnR, kana my cin resis tance gene; IM, inner mem brane, OM, outer 

mem brane. 

Gen eral DNA manip u la tions

DNA manip u la tions were car ried out accord ing to stan dard 

pro ce dures [26] or man u fac turer’s rec om men da tions. Restric tion 

enzymes were pur chased from Fer men tas and DNA ligase was 

pur chased from Epi cen tre. DNA poly mer ase Pwo and other PCR 

reagents were from DNA Gdajsk II s.c. Kits for plas mid iso la tion 

and DNA puri fi ca tion were pur chased from A&A Bio tech nol ogy.

Elec tro pho re sis and Western blot anal y sis

Pro tein frac tions were ana lyzed by sodium dode cyl sul phate–

poly acryl amide gel elec tro pho re sis (SDS–PAGE) on 15% gel slabs 

and stained with Com mas sie blue [27]. The amount of recombinant 

pro tein was eval u ated by the opti cal den si tom e try of SDS–PAGE 

gels with Quan tity One pro gram (Ver sa Doc, Bio rad) with the 

bovine serum albu min as a stan dard. Western blot anal y sis was 

per formed as described pre vi ously [28].

Enzyme assay

Ester ase activ ity was deter mined spec tro pho to met ri cally by 

mea sure ments of con cen tra tion of p-nitro phe nol (at 405 nm) 

released from p-nitro phenyl buty rate as described pre vi ously [4]. 

One unit of ester ase activ ity is equiv a lent to 1 lmol of p-nitro phe-

nol released from the p-nitro phenyl buty rate in 1 min at 35 °C.

ORFs anal y sis

Nucle o tide and deduced amino acids sequence anal y sis, and 

ORFs search were per formed with the ORF Finder pro gram (NCBI). 

Sequence sim i lar ity ana lyzes were car ried out using Basic Local 

Align ment Search Tool (BLAST) pro gram from National Cen tre of 

Bio tech nol ogy server.

Con struc tion of expres sion plas mids

Prim ers used for ampli fi ca tion of the abc1, abc2, and abc3  

Pseud oal te ro mon as sp. 643A genes were: abc1F and abc1R, abc2F 

and abc2R, abc3F and abc3R, respec tively (Table 1). To amplify 

genes encod ing ABC pro teins with His-tag domains at their C-

ter mini, abc1RHis, abc2His, and abc3His were used instead of 

abc1R, abc2R, and abc3R DNA prim ers (Table 1). The obtained 

PCR prod ucts were cloned into SmaI site of pUC19 vec tor, result-

ing in recombinant plas mids of pUC19-A, pUC19-B, pUC19-C, 

pUC19-AHis, pUC19-BHis, and pUC19-CHis, respec tively. The 

cor rect ness of the con structed plas mids was con firmed by 

DNA sequenc ing using ABI 3730 xl/ABI 3700 sequenc ing tech-

nol ogy (AG OWA). Expres sion plas mids for pro duc tion of native 

and His-tagged com po nents of the ABC trans port sys tem were 

con structed in a three-step pro ce dure. First, the abc1 gene was 

excised from pUC19-A plas mid by NcoI and SacI and ligated into 

Table 1

DNA prim ers used in this study

Primer name Sequence Restric tion site

Abc1F GGCTCCATGGGCAT GAGTCATATGTCAGCGCTTTCTC NcoI

Abc1R TATGAG CTCTTAGCCCACATCAGCGGTGTCC SacI

Abc1RHis TATGAG CTCTTAATGATGATGATGATGGTGGCCCACATCAGCGGTGTCC SacI

Abc2F ATAGAG CTCAACTTTAAGAAG GAGATA TA CATAT GTGGGCTAAGTTAGCGCTAAAATTATTTGCG SacI

Abc2R TATA GAT CTTCATAAAAGCGAGCGTATGTCTGCTTC BglII

Abc2RHis TATA GAT CTTCAATGATGATGATGATGGTGTA AAAGCGAGCGTATGTCT GCTTC BglII

Abc3F ATAA GAT CTAACTTTAAGAAG GAGATA TA CATATGATGAAAACGCTGGGCGGCA BglII

Abc3R TATGA ATTCTTAT GCTAAAGCACGTACCAAACC Eco RI

Abc3RHis TATGA ATTCTTAAT GAT GAT GAT GATG GAGTGCTAAAGCACGTACCAAACC Eco RI

The bol ded part of primer sequences are com ple men tary to the nucle o tide sequences of the ampli fied genes, the under lined sequences con tain rec og ni tion sites for restric-

tion endo nu cle ases, and the ital i cized parts of the primer sequences are the added RBS sequences.
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